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Application of ozone in oral care comes as new and alternative treatment modality in dentistry. The impact of biological and digital infor-
mation leads to use of ozone application by various means for numerous treatment options in oral cavity. Ozone is a form of oxygen, which
has an effective role in management of oral diseases. This review mainly emphasizes on utility of ozone in oral health care management. Its
therapeutic potential and its clinical application in oral pathologies, periodontology, endodontics, oral surgery, prosthodontics, orthodontics,
restorative dentistry, wound healing, tooth mineralization as treatment choice are reviewed.
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INTRODUCTION

An abundance of natural ozone present in the atmosphere helps
to protect living organisms from the ultraviolet rays. Ozone
helps to naturally self-cleansing our environment. Ozone is
formed by sun and lighting in the storm in nature. Ozone is
a molecule, consisting of three oxygen atoms. Application of
ozone in medicine field has been indicated for preventing and
treating various pathologies in dentistry. General wellbeing
of the individual is directly related to their oral health. Pres-
ently as most of the patients are becoming more resistance to
antibiotics, ozone is emerging as a new adjunct therapeutic in
oral care. Ozone therapy is non-traumatic, painless and non-
invasive that increases the patient’s acceptability.

In 1839, Christian Friedrich Schonbein first noticed the
emergence of a pungent gas with an electric smell and called
it as ozone, which means to give off a smell in Greek.' In 1940
word ozone was introduced. Ozone therapy acts as an alterna-
tive medical treatment that increases the oxygen content of
the body by applying ozone into the body surfaces. Positive
effects of ozone in biological properties include antimicrobial,
immune-stimulating and biosynthesis effects that used in treat-
ing and maintaining good oral hygiene. In the 1930’s, Dr. EA
Fisch first used ozone in dental treatment.!

0zONE GENERATING SYSTEM
Three ozone generating systems are ultraviolet system, cold
plasma system and corona discharge system.?

Ultraviolet system

Ultraviolet light is emitted from the system at 185 nm produc-
ing ozone by disrupting the oxygen molecule and splitting it
into two oxygen atoms. An oxygen molecule absorbs light
energy in ground state when exposed to ultraviolet light and
then it dissociates. These two oxygen atoms then attach to
another oxygen molecule. It is the attachment of this third

oxygen atom that creates ozone.>*

Cold plasma system

In this system, gas is ionized at around 20°C. The ionization
of oxygen gas takes place between two electrodes that are
separated with a dielectric barrier. An electrostatic field is
formed as the voltage jumps between the anode and the cathode
rods. These causes splitting of oxygen molecule into single
oxygen atom which recombines with other oxygen molecule
to form ozone.’

Corona discharge system

Oxygen passes through corona discharge in which plasma is
created. Initially a single oxygen atom is produced from the
plasma which is free to adhere with other oxygen molecules
that in turn produces ozone. The handling of this design is easy
and the ozone production rate can be controlled.*

Ozone is a 10-fold more soluble in water than oxygen. It
is most potent oxidant. Ozone which is used in dentistry is
of three forms namely ozonated water, ozone mixed with oil
mostly olive oil and ozone gas.

Oil and water containing ozone have the ability to entrap and
then release oxygen, which are the ideal delivery systems.¢
More viscous solutions like olive oil are used for the better
shelf life of the medication. The common treatment forms of
ozone in patient oral care are by incorporating ozone in ozon-
ated water, ozone gas and ozone with olive oil. Applying any
of these three forms or in combination allows the practicing
dental surgeon to treat most of oral infections. The ozonated
water is one of the best irrigation solutions for gingival sulcus,
periodontal pockets and during removal of infected debris in
root canal of tooth. Ozone in gaseous form has the ability to
go deep and reach the surface of carious dentin, dentinal tu-
bules and even accessory root canals where local application
of antibiotic or disinfectant cannot reach.’
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PREVENTION AND PROTECTION OF CLINIC
ENVIRONMENT AND WORKING INSTRUMENT

Ozonated water can be used as a pretreatment mouthwash for
the patient undergoing dental treatment to disinfect their oral
cavity. Ozonated water used in water supply to dental chair,
pizo reservoir and during ultrasonic scaling procedure helps
to protects practicing dental surgeon and their assistance and
technician staff from aerosol contaminants. Moreover it pre-
vents the production of biofilms in the inward and outwards
water drainage in dental chair. Ozone performs sterilization
and leaves only oxygen and water as byproducts.

ANTIMICROBIAL ACTION OF OZONE IN ORAL
MICROORGANISMS

Dental caries, gingival, periodontal diseases and oral mucosal
lesions mainly caused by bacteria, virus, fungi. Ozone leads
to destruction of organism by primarily damage to the cyto-
plasmic membrane of cells as a consequence to ozonolysis
and secondly changes in the intracellular contents due to
secondary oxidant effect that leads to oxidation of protein
loss of organelle function. Ozone acts as a strong antioxidant
leading disinfecting effect by breaking the cell membrane of
the microorganism. Ozone leaves no toxic byproducts. Due
to the ability of ozone, cells are not damaged and the action
remains non-specific and selective to microbial cells. All vital
functions of bacteria are halted as a after few seconds of ozone
application. Gram-positive bacteria shows more sensitivity to
ozone compared to gram negative organism.® Ozone causes
disruption on bacterial cells, leading to the removal of acido-
genic bacteria that commonly causes dental caries.’

Immune stimulating effect

The immune competent cell proliferation and immunoglobulin
synthesis is stimulated as an influence of ozone to cellular and
humoral immune system. The function of macrophages is
activated due to which sensitivity of microorganisms to phago-
cytosis is increased which leads to production of cytokines as
a consequence other immune cells are activated.’

Anti-hypoxic effect

Ozone results in alteration in metabolism of cells by rais-
ing partial pressure of oxygen in tissues that improves the
transporting capacity of oxygen in blood. Ozone when given
multiple times in low dose activates enzymes such as dehy-
drogenase, superoxide dismutases, glutathione peroxidases
and catalases.’

Biosynthetic effect

Ozone enables activation of protein synthesis in cells. It helps
to increase the ribosome and mitochondria that cause regen-
eration of tissues by increasing the functional activity. Ozone
secretes vasodilators, such as nitric oxide, that cause dilatation
of arteries and veins.? Nitrous oxide is used as anesthesia.

Remineralization of tooth structure

Ozone causes tooth mineralization by acting on its organic
substances. It enables the diffusion of calcium and phosphorus
ions to the inner surface of decayed tooth by opening of the

dentinal tubules.’

Enhancing wound healing
Interleukins, prostaglandins, and leukotrienes are the proteins
synthesized by ozone that help in cell growth and differentia-
tion in reduction of inflammation and wound healing.' Ozone
application initiates early healing of wounds by improving
properties of erythrocytes, and facilitating oxygen release in
the tissues. Ozone causes more blood supply to the ischemic
zones caused due to surgical interventions like tooth extrac-
tions and implant placement.>

Table 1 shows the ozonated water, gas and oil indicated
for prevention and management of various oral and dental
conditions. Table 2 shows limitations of ozone therapy which
is contraindicated for certain conditions.

IMpACT OF OzONE IN ORAL CAvITY

1. Help in reducing halitosis. Ozone water in 4 mL gargle for
10 seconds showed that oral microorganisms bacterial and
fungal present in dental plaque are killed, thus halitosis
which is caused due to oral microorganisms in dental plaque
is reduced.* Removal of bacterial pathogens as a plaque
biofilm over tooth surfaces.'"!?

Table 1: Indications of ozone in oral and dental
conditions

No. Indication

1 Use of ozonated water by patients as a pre-treatment oral
rinse for disinfectant

2 Ozonated water is used in dental chair unit to prevent biofilm
formation

3 Ozonated water can be used in the ultrasonic unit for oral
prophylaxis

Ozone gas is used before placing sealants
5 Ozone gas and water application in root-surface caries
Ozonated gas can be applied during and after cavity

preparations

7 Ozonated gas applied during crown preparations to sterilize
the prepared tooth

8 Reduce post-operative sensitivity

9 Ozone water or oil acts as desensitizing by oxidizing the
organic material in dentinal tubules

10 Ozonated water acts as irrigating solution for deep gingival
and periodontal pockets

11 Intraoral custom trays with ozone are used in carious lesions,
precarious areas, interproximal region and restoration of
tooth

12 Ozone solution helps to regain calcification initial caries
lesions

13 Irrigate the primary and accessory root canals to remove
debris

14 Ozonated water and gas are injected intraarticularly into the

tempromandibular joint

15 Applying ozonated oil and ozonated water rinse twice daily
for 7 d helps to heal oral lesions such as aphtous ulcer,
cheilitis, candidiasis

16 Denture induced stomatitis - applying ozonated olive oil over
denture bearing area

17 Ozone helps in teeth whiting when used in adjuvant with
hydrogen peroxide. Done by ozotop unit for 4 min

Medical Gas Research | December | Volume 10 | Issue 4 -




Sen et al. / Med Gas Res

www.medgasres.com

Table 2: Contraindications of ozone in therapy

No. Contraindication

Pregnancy

Hyperthyroidism

Thrombocytopenia

Immunocompromised patients

Severe anemia

Glucose 6 phosphate dehydrogenase deficiency
Alcohol intoxication

Myocardial infraction

O 00 0 N Ui AW N —

Hemorrhage

—_
(=)

Ozone allergy

—
—_

Recent myocardial infarction

—
[\

Acute alcohol intoxication

2. Help to disinfect the gingival and periodontal pockets
which is commonly colonized by gram-positive and gram-
negative micro-organisms. Areas affected during and after
oral prophylaxis and root planning should be irrigated with
ozone water.!3'® The gingival and periodontal pockets are
irrigated with ozonated water to limit the microorganism
growth and insufflated with ozone gas. In addition ozonated
oil should also be applied topically to the oral soft tissue.
Thus bacteria at the heart of infection are destroyed, without
any side effects.

3. Ozone helps in prevention of dental caries. Exposure ozone
for more than 30 seconds causes salivary proteins degrada-
tion. Actinomyces naeslundii, Streptococcus mutans and
Lactobacillus casei that main causative organism of dental
caries is killed when it is exposed to ozone for 30 seconds.

4. During endodontic treatment ozone helps in sterilization of
primary and accessory canals. Prepared root canal first lu-
bricated with ozonated oils and then irrigated with ozonated
solution and dried. Followed by insufflations 60 seconds
into each canal should be done with concentration of ozone
gas before root canal filling.

5. Reduce the dentinal hypersensitivity of tooth which is
mainly caused by attrition and abrasion of tooth surfaces
causes removal of enamel and exposed the dentinal tubules.
Ozone gas enables the diffusion of calcium and phospho-
rus ions to the deeper layers of dentine by opening of the
dentinal tubules.'*!”

6. Use of ozone gas in infection control in clinical setup area
as ozone is quite effective in antibiotics resistant strains
of bacteria.

7. Ozone gas helps to reduce bacterial adherence on titanium
and zirconia based implants without altering the adhesion
and proliferation of osteoblastic cells.'®

8. Pain control measures as the oxidation leads to inactivation
of metabolic mediators of pain increase blood circulation
locally, and lead to an increase in oxygen delivery to the
tissues, which is essential for the generation of anatomic
structures. It removes the toxins and resolves the physi-
ological disturbance that initiates the pain.'*

9. Tissue regeneration and wound healing of the extraction
socket and in surgical site shows positive results by ozon-
ized 0il. 2"

10. Ozone reduces the formation of mediators that causes
inflammation. '

11. Ozone is used as tooth whiting measures in extrinsic stain-
ing. When used in combination with hydrogen peroxide it
has better effect resulting in lighter shade.?**

12. Temporomandibular joint dysfunctions, such as trismus,
spasm, myoarthropathy.

Patients with internal derangement of the temporoman-
dibular joint showed positive results by injecting ozone
gas in joint space.>>?

13. Applying ozone oil over the denture bearing mucosal area
and over the denture surface helps to reduce denture induced
stomatitis. Patients are advised to place the dentures in
ozonated water for minimum of 10 minutes after removal
and rinse denture thoroughly with water before inserting
into mouth.”'3%’

14. Ozonated water or oils can be applied on soft tissue le-
sions such as herpes, major and minor apthous stomatitis,
removable denture ulcers, angular cheilitis, candidiasis,
traumatic wounds. The disinfectant properties help in the
disinfecting and healing of these lesions.”*? Oral lichen
planus which is mainly the autoimmune disorder can be
treated with ozonated oil topically applied on the lesion.*

15. Ozone therapy can be applied for the treatment of the re-
fractory osteomyelitis in the maxillary and mandibular bone
along with antibiotic and hyperbaric oxygen therapy.’!*

16. Ozone helps to accelerate the healing of the surgical
wounds. Ozone therapy stimulates cell proliferation and
soft tissue healing in patients with bone necrosis using
bisphosphonates.'*** Osteonecrosis of the jaw showed
positive results when treated with ozonzted oil.**

Depending on requirement of treatment ozone is applied for
6, 12, 18, 24 seconds by ozotop, an ozone delivery system in
endodontic root canal treatment and in treatment of periodontal
pocket. For surgical disinfection it is used for 12 seconds, while
for periodontal disinfection used for 18 seconds.”

Ozone gas does not have any color but has a pungent smell
at room temperature. Ozone gas can be detected even at
concentrations as low as 0.02-0.05 ppm.** Half-life of ozone
alters with change in temperature. At 20°C it has a half-life of
40 minutes and at 0°C its half-life increases to 140 minutes.*
Ozone administered of 0.05 ppm for 8 hours do not produce
any toxic effect. Maximum concentration of ozone amounts
to 0.01 ppm, during dental treatment. Few side effects that
may be encountered are cough, nausea, vomiting, headache,
rhinitis, irritation in respiratory tract, shortness of breath, and
cardiac problems.* Ozone inhalation causes toxic effect in
lungs. The common side effects are epiphora, upper respiratory
tract irritation, rhinitis, cough, headache, occasional nausea
and vomiting.*’

As ozone is a very strong oxidant, scavenging the excess
ozone gas and preventing it from escaping into clinical area are
issues of concern. The membranes of the eyes and lungs are
very weakly protected by antioxidant enzymes. These are the
only tissues that require protection from the dosage levels that
are used in dental ozone protocols. Moreover the intravenous
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injections of ozone cause air embolism.

ConcLusion

Ozone has successfully evolved in oral and dental treatment.
Ozone therapy is the most minimally invasive treatment
method with no discomfort or pain. It also minimizes patient’s
anxiety and stress level as it reduces the treatment duration.
The beneficial role of 0zone in treating different oral and dental
conditions is still limited. There are possible side effects during
intra-oral application as it might go to upper respiratory tract.
Follow-up studies should be conducted to see its outcome in
various dental treatment plans.

Author contributions

Both authors contributed in selecting the topic, extensive searching,
reviewing the current management and writing the article.
Conflicts of interest

None.

Financial support

None.

Plagiarism check

Checked twice by iThenticate.

Peer review

Externally peer reviewed.

Open access statement

This is an open access journal, and articles are distributed under
the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 License, which allows others to remix, tweak, and
build upon the work non-commercially, as long as appropriate credit
is given and the new creations are licensed under the identical terms.

REFERENCES

1.

2.

11.

12.

Saini R, Saini S, Sharma S. Periodontal disease linked to cardiovascu-
lar disease. J Cardiovasc Dis Res. 2010;1:161-162.

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

Beggs R. Reliable caries reversal: another paradigm shift? Dent Today.
2004;23:14-16.

Komali G. Ozone therapy-a revolutionary noninvasive therapy in den-
tistry. Open Access Sci Rep. 2012;1:473.

Makkar S, Makkar M. Ozone - treating dental infections. /ndian J Sto-
matol. 2011;2:256-259.

Saini R. Ozone therapy in dentistry: A strategic review. J Nat Sci Biol
Med. 2011;2:151-153.

Kumar A, Bhagawati S, Tyagi P, Kumar P. Current interpretations and
scientific rationale of the ozone usage in dentistry: A systematic review
of literature. Eur J Gen Dent. 2014;3:175-180.

Moore G, Griffith C, Peters A. Bactericidal properties of ozone
and its potential application as a terminal disinfectant. J Food Prot.
2000;63:1100-1106.

Lynch E. Leczenie prochnicy z wykorzystaniem systemu HealOzon.
eDentico. 2004;134:3.

Seidler V, Linetskiy I, Hubalkova H, Stankova H, Smucler R, Mazanek
J. Ozone and its usage in general medicine and dentistry. A review ar-
ticle. Prague Med Rep. 2008;109:5-13.

Garg RK, Tandon S. Ozone: A new face of dentistry. Int J Dent Sci.
2009;7:20.

Miiller P, Guggenheim B, Schmidlin PR. Efficacy of gasiform ozone
and photodynamic therapy on a multispecies oral biofilm in vitro. Eur
J Oral Sci. 2007;115:77-80.

Kshitish D, Laxman VK. The use of ozonated water and 0.2%
chlorhexidine in the treatment of periodontitis patients: a clinical and
microbiologic study. /ndian J Dent Res. 2010;21:341-348.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Dodwad V, Gupta S, Sethi M, Kumar K, Masamatti S. Changing para-
digm in pocket therapy — ozone versus conventional irrigation. Int J
Public Health Dent. 2011;2:7-12.

Hayakumo S, Arakawa S, Mano Y, Izumi Y. Clinical and microbio-
logical effects of ozone nano-bubble water irrigation as an adjunct to
mechanical subgingival debridement in periodontitis patients in a ran-
domized controlled trial. Clin Oral Investig. 2013;17:379-388.
Shoukheba MYM, Ali SA. The effects of subgingival application of
ozonated olive oil gel in patient with localized aggressive periodonti-
tis. A clinical and bacteriological study. Tanta Dent J. 2014;11:63-73.
Azarpazhooh A, Limeback H, Lawrence HP, Fillery ED. Evaluating
the effect of an ozone delivery system on the reversal of dentin hy-
persensitivity: a randomized, double-blinded clinical trial. J Endod.
2009;35:1-9.

Hauser-Gerspach I, Vadaszan J, Deronjic I, et al. Influence of gaseous
ozone in peri-implantitis: bactericidal efficacy and cellular response.
An in vitro study using titanium and zirconia. Clin Oral Investig.
2012;16:1049-1059.

Kazancioglu HO, Ezirganli S, Demirtas N. Comparison of the influ-
ence of ozone and laser therapies on pain, swelling, and trismus fol-
lowing impacted third-molar surgery. Lasers Med Sci. 2014;29:1313-
1319.

Tagdemir Z, Alkan BA, Albayrak H. Effects of ozone therapy on the
early healing period of deepithelialized gingival grafts: a randomized
placebo-controlled clinical trial. J Periodontol. 2016;87:663-671.
Anzolin AP, da Silveira-Kaross NL, Bertol CD. Ozonated oil in wound
healing: what has already been proven? Med Gas Res. 2020;10:54-59.
Lim Y, Lee H, Woodby B, Valacchi G. Ozonated oils and cutaneous
wound healing. Curr Pharm Des. 2019;25:2264-2278.

Al-Omiri MK, Abul Hassan RS, AlZarea BK, Lynch E. Improved
tooth bleaching combining ozone and hydrogen peroxide--A blinded
study. J Dent. 2016;46:30-35.

Zanjani VA, Ghasemi A, Torabzadeh H, Jamali M, Razmavar S, Bagh-
ban AA. Bleaching effect of ozone on pigmented teeth. Dent Res J
(Isfahan). 2015;12:20-24.

Daif ET. Role of intra-articular ozone gas injection in the management
of internal derangement of the temporomandibular joint. Oral Surg
Oral Med Oral Pathol Oral Radiol. 2012;113:e10-14.

Dogan M, Ozdemir Dogan D, Diiger C, et al. Effects of high-frequency
bio-oxidative ozone therapy in temporomandibular disorder-related
pain. Med Princ Pract. 2014;23:507-510.

Gopalakrishnan S, Parthiban S. Ozone-A new revolution in dentistry. J
Bio Innov. 2012;1:215-226.

Arita M, Nagayoshi M, Fukuizumi T, et al. Microbicidal efficacy of
ozonated water against Candida albicans adhering to acrylic denture
plates. Oral Microbiol Immunol. 2005;20:206-210.

Murakami H, Mizuguchi M, Hattori M, Ito Y, Kawai T, Hasegawa J. Ef-
fect of denture cleaner using ozone against methicillin-resistant Staph-
ylococcus aureus and E. coli T1 phage. Dent Mater J. 2002;21:53-60.
Loncar B, Mravak Stipetic M, Matosevic D, Tarle Z. Ozone applica-
tion in dentistry. Arch Med Res. 2009;40:136-137.

Shenberg JE, Blum C. Gaseous and aqueous ozone therapy for treat-
ment of mucositis secondary to chemotherapy/radiotherapy: a case
report. Pain Pract. 2011;21:69-73.

Iliadis D, Millar BJ. Ozone and its use in periodontal treatment. Open
J Stomatol. 2013;3:197-202.

Mandhare MN, Jagdale DM, Gaikwad PL, Gandhi PS, Kadam VIJ.
Miracle of ozone therapy as an alternative medicine. Int J Pharm
Chem Biol Sci. 2012;2:63-71.

Ahmed J, Binnal A, Rajan B, Denny C, Shenoy N. Ozone applications
in dentistry: an overview. J Exp Integr Med. 2013;3:171-176.

Agrillo A, Petrucci MT, Tedaldi M, et al. New therapeutic protocol
in the treatment of avascular necrosis of the jaws. J Craniofac Surg.
2006;17:1080-1083.

Matsumura K, Hyon SH, Nakajima N, Iwata H, Watazu A, Tsutsumi
S. Surface modification of poly(ethylene-co-vinyl alcohol): hydroxy-
apatite immobilization and control of periodontal ligament cells dif-
ferentiation. Biomaterials. 2004;25:4817-4824.

Chandrasekhar T, Ratnaditya A, Kandregula CR, Naidu GM. Ozone
therapy: applications in preventive dentistry. J Res Adv Dent.
2015;4:103-106.

Date of submission: April 30, 2020
Date of decision: May 11, 2020

Date of acceptance: May 14, 2020
Date of web publication: Dec 25, 2020

Medical Gas Research | December | Volume 10 | Issue 4 -




