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INTRODUCTION

Ozone also called trioxygen is an allotropic form of oxygen and an unstable gas which occurs 
naturally by the action of ultraviolet rays on oxygen in the outer atmosphere. Ozone derives its 
name from the Greek word “ozein” which means “to smell,” named after its characteristic odor 
usually detected by human nose at 0.02 or 0.05 ppm.

It is known to be a potent oxidizer and has the ability to oxidize any known biological 
entity.[1] The principal action of ozone is its antimicrobial effect on bacteria, virus, and fungi,[2] 
besides its immunomodulatory, anti-hypoxic, biosynthetic, and anti-inflammatory properties 
[Figure 1].[3-6]

Ozone has been used in the field of medicine for over a century as a disinfectant, to purify blood, 
and during the World War I it was used to treat gangrene, burn wounds, osteomyelitis, fistulas, 
and many other infections.[7] E. A. Fisch, a German dentist, was the first person to use ozone for 
disinfection and to aid healing in his own practice; following his footsteps, Dr. Payr started using 
ozone routinely during surgeries.[8] Thenceforth, ozone has been accepted as an alternative and 
complimentary therapy. Medical-grade ozone is essentially a composition of 0.1–5% ozone and 
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95–99.6% pure oxygen,[7] and in dentistry it has been used 
either as a gas, water, or oil to treat a plethora of conditions.

The objective of this article was to update the recent clinical 
oral applications and summarize the various research 
findings regarding the use of ozone in dentistry. This review 
would enable researchers to know the background of ozone 
use and to help formulate new protocols to study the possible 
applications of ozone in clinical dentistry.

Use of ozone in dental therapeutics is truly a paradigm shift 
in the management of oral and dental infections. Its various 
applications pertaining to dental diseases are summarized 
below.

Ozone in caries management

Dental caries is the most common chronic disease known 
to affect humans, which is multifactorial in origin. 
Conventionally, caries has been treated using a surgical 
approach based on blacks philosophy of “extension for 
prevention.” It was followed until the latter part of the 
20th  century which could be attributed to the lack of 
understanding of the caries process and in particular the 
ability of dental tissues to remineralize. By the end of 
the 20th  century, a new concept of minimal intervention 
in caries management emerged which emphasized the 
concept of remineralization of demineralized enamel and 
dentin.[9] With the introduction of minimal intervention in 
caries management, came the idea of the use of ozone to aid 
in biofilm control and remineralization of early-stage caries 
as described below.

Effect of ozone on biofilms

The use of ozone to treat dental caries was introduced in 
early 2000; since then several in vitro and in vivo studies 
have established its effectiveness in treating primary root 
caries, occlusal pit and fissures caries as well as initial enamel 
caries. Ozone, in a gaseous or aqueous form, has been 
found to be effective in removing biofilm and its associated 
bacteria.[10] Cariogenic microflora, such as Streptococcus 
mutans, Lactobacillus casei, and Actinomyces naeslundii, have 
been inactivated within the 60s of exposure to ozone gas,[11] 
and ozonated water at a concentration of 0.1 ppm was found 
effective in reducing plaque microbial load.[12] In an in vitro 
study, ozone exhibited bactericidal activity with 10s exposure 
either as gas or water on root caries and as gas on S. mutans 
and Streptococcus sobrinus.[13,14] When used at a concentration 
of 0.5–4  mg/l, it effectively prevented plaque formation by 
both Gram-positive and Gram-negative bacteria as well as 
Candida albicans.[15] While 80s exposure to ozone on deep 
cavities reduces the residual microbial load significantly, 
40s exposure significantly reduced S. mutans counts.[16] In a 
case of oral candidiasis, ozonated water (5–10 ml; 25 µg/ml) 
used as 1 min oral rinse showed superior effectiveness over 
clotrimazole in reducing candidial counts and establishing a 
carrier state.[17]

Remineralization of caries lesions with ozone

The remineralizing effect of ozone on cavitated caries 
lesion is well established. Baysan et al. conducted a clinical 
trial evaluating the clinical reversal of root caries with 
10s exposure to ozone gas at 2100  ppm, followed by 5s 

Figure 1: The various actions of ozone on biological tissues.
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application of xylitol and fluoride. After 6 months follow-up, 
ozone-treated lesion significantly rehardened compared to 
controls,[18] and at 12 months follow-up 47% of ozone-treated 
lesions rehardened whereas none of the lesions in the control 
group had reversed.[19] Similar result was observed when 178 
non-leathery primary root caries lesions were treated with 
ozone gas (2100 ppm for 10s) or air along with daily use of 
the remineralizing patent kit and evaluated at 3, 6, 12, and 
18 months. After 18 months, all the ozone-treated lesions had 
reversed while in the control group, only one had reversed, 
and 37% had worsened clinically.[20] Open single surface 
lesions treated with ozone in anxious children exhibited 
increased tactile hardness values at 4, 6, and 8  months 
compared to baseline, whereas no change in the hardness 
value was observed in the control group.[21]

Ozone has been used to remineralize non-cavitated pit and 
fissure caries. In a clinical trial, sealant placed following 
ozone treatment exhibited highest remineralization effect 
when compared to all other untreated groups.[22] Similar 
trend was observed in a split-mouth study in which 258 pit 
and fissure caries lesions in primary teeth received ozone 
gas (2100  ppm) treatment for 10s followed by application 
of xylitol and fluoride. When the lesions were monitored 
using electrical caries monitor (ECM), at 12  months, the 
ozone-treated group exhibited significant improvement in 
lesion reversal indicated as improvement in the ECM scores 
compared to controls.[23] In a clinical study, Huth et al.[24] 
carried out a spilt-mouth randomized clinical trial to evaluate 
the effectiveness of 40s ozone exposure to reverse non-
cavitated pit and fissure caries. Fifty-seven pairs of lesions 
on contralateral molars were included in the study and 
randomly divided into ozone (ozone gas for 40s) and control 
(no treatment) groups and followed up for 3 months. Caries 
reversal in ozone-treated lesions was significantly higher 
than the control in high caries risk individuals; however, the 
difference was not statistically significant when the whole 
population was included.[24] Samuel et al. found ozone to 
have significantly improved the remineralizing potential 
of nanohydroxyapatite in remineralizing initial enamel 
caries in in vitro and in situ study.[25,26] Contrary to previous 
reports, Nie et al. reported inability of ozone to remineralize 
enamel lesions in an in vitro study.[27] Similar observation 
was reported by Duggal et al. when ozone in combination 
to a reductant kit failed to inhibit the demineralization of 
enamel and dentin subjected to cariogenic challenge in situ 
compared to the kit containing high fluoride.[28]

Mechanisms of action of ozone

The principal action of ozone is believed to be antimicrobial; 
although, ozone gas had failed to reduce the number of 
bacteria in the dentin of non-cavitated lesions.[29] Hence, an 
alternate mechanism for the effect of ozone on non-cavitated 

lesions was postulated. The surface enamel is more resistant 
to demineralization due to post-eruptive maturation, but the 
demineralization process causes increased porosity on the 
surface making the subsurface enamel more susceptible to 
mineral loss and lesion formation. Enamel is composed of 
1% (w/v) organic content that covers the minerals acting as a 
barrier to diffusion.[30] Thus, it can be postulated that a potent 
oxidizer and proteolytic agent like ozone can disrupt the 
organic content in demineralized enamel and enhance the 
diffusion of remineralizing agents. Moreover, ozone disrupts 
the cariogenic bacteria in biofilm and alters the ecological 
niche, making it difficult for the cariogenic organism to 
recolonize against the normal commensals.[31] The caries 
process is essentially a disruption in the harmonious balance 
between demineralization and remineralization. Pyruvic acid 
is one of the principal contributors to decreasing pH toward 
caries activity,[32] but ozone oxidizes pyruvic acid to acetate 
and carbon dioxide thereby promoting remineralization 
because acetate has higher pKa and favor pH buffering in 
resting plaque.[33]

The physical properties of enamel are not affected by ozone 
at a concentration of 90 and 120  µg;[34] but exposure to 
ozone gas for 40s dehydrated sound enamel and enhanced 
its microhardness.[35] However, the effect of ozone on 
demineralized enamel is still unclear and needs to be 
explored. The conclusion from each study toward the use of 
ozone in caries management is summarized in Table 1.

Ozone in periodontology

Periodontal disease is one affecting the supporting structures 
of teeth. It usually begins as gingivitis and in a small 
proportion of cases progresses to periodontitis. However, it 
is ultimately the host response and bacterial, genetic variance 
which decides the transition and severity of the disease.

In a clinical study, periodontal pockets in patients with 
aggressive periodontitis were irrigated once a week for 
4  weeks with 150  ml of ozonated water for 5–10  min post 
scaling and root planing (SRP). The following therapy; pocket 
depth, plaque, gingival indices, and bacterial count were 
reduced significantly in the quadrant treated.[36] In a similar 
study, SRP alone or in combination with ozone therapy on 
salivary matrix metalloproteinase and clinical parameters 
was assessed in chronic and aggressive periodontitis, 
but no significant difference was reported between the 
interventions.[37] A clinical trial involving 41  patients with 
chronic periodontitis, investigated the effect of SRP followed 
by irrigation with either ozonated water or distilled water 
on the plaque, gingival index, bleeding on probing, probing 
pocket depth, gingival recession, clinical attachment loss, 
and C-reactive protein expression in serum at baseline and 
3  months post-therapy. Except for gingival index, other 
parameters expressed significant improvement in both the 
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Table 1: Summary of the studies on the effect of ozone in cariology.

Open carious lesions
Author, Year Objective Type of 

study
Conclusion supporting the use of ozone

Positive Negative

Baysan et al., 
2004[13]

Effect of ozone on bacteria and clinical 
severity of PRCL

In vitro 10 or 20s exposure significantly 
reduces the microbial count and 
reverses the lesion

Nil 

Baysan et al., 
2000[14]

Assess the antimicrobial efficacy of ozone 
gas on PRCL

In vitro 10 or 20 s exposure to ozone gas 
is significantly effective on PRCL 
compared to controls

Nil 

Baysan et al., 
2007[18]

Efficacy of ozone application with or 
without root sealant in healing leathery 
root caries evaluated at 1, 3, and 6 months. 

In vitro After 6 months, lesions hardened 
only in ozone group.

Nil

At all follow-ups, the ECM and 
DIAGNOdent exhibited improvement 
only in the ozone group.

Baysan et al., 
2002[19]

Evaluate the clinical reversal of root caries 
after application of ozone gas for 10s at 
2100 ppm, following which xylitol and 
fluoride were applied for 5s at 1, 3, and 
6 months.

In vitro At 12 month follow-up, 47% of 
lesions in ozone group hardened 
compared to none in the control 
group. 

Nil 

Holmes 
2003[20]

Effect of ozone with daily use of 
remineralizing agents on the clinical 
severity of PRCL

In vitro PRCL can be treated noninvasively 
using ozone and remineralizing 
agents. 

Nil

Dähnhardt 
et al., 2006[21]

Ability of ozone to reverse caries lesion 
in open single surface lesions among 
children (mean age 5.96 years)

In vitro The tactile hardness value in ozone 
treated group improved, whereas 
in control group no change was 
reported.

Nil

Non cavitated carious lesions 

Unal and 
Oztas, 2015[22]

Remineralization effectiveness of three 
sealants on initial fissure caries with or 
without ozone use

In vitro Greatest remineralization was shown 
by Ozone+Aegis sealant.

Nil

Abu Naba 
2003[23]

Evaluate the effect of ozone or no ozone 
to improve the clinical severity and ECM 
scores on the initial pit and fissure caries.

In vitro Ozone treated samples showed 
significant improvement 

Nil

Huth et al.,  
2005[24]

Effect of ozone on the initial pit and 
fissure caries compared to untreated 
control teeth.

In vitro At 3 months ozone-treated groups 
revealed significant lesion reversal 
than controls only in the high-risk 
group.

The difference in caries 
lesion reversal was 
not significant when 
compared for the whole 
population. 

Nie et al.,  
2007[27]

The ability of ozone to remineralize 
demineralized bovine enamel.

In vitro Nil Ozone has no effect 
in remineralization of 
enamel.

Duggal et al., 
2012[28]

Effect of remineralizing agent with and 
without ozone to inhibit demineralization 
of human enamel and dentin in a 
cariogenic challenge. 

In situ Nil Ozone has no additional 
effect in inhibiting the 
demineralization of 
enamel and dentine 
when compared to 
a remineralizing 
treatment. 

Samuel et al., 
2014[25]

Ability of ozone to enhance the 
remineralization of n-HAP on artificial 
enamel caries

In vitro Ozone significantly improved the 
remineralizing potential of n-HAP

Nil

Samuel et al., 
2016[26]

Ability of ozone to heal initial enamel 
caries 

In vitro Ozone significantly improved the 
remineralizing potential of n-HAP

Nil

(Contd...)
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groups and no additional benefit of ozone water irrigation 
following SRP was reported in the treatment of chronic 
periodontitis.[38]

The effect of 1 min exposure of ozone either as gas or water 
chlorhexidine (CHX) or saline on periodontal pathogens 
exhibited greater antimicrobial effect against Porphyromonas 
gingivalis, Tannerella forsythia, and Parvimonas micra in 
planktonic compared to biofilm cultures. The antibactericidal 
activity of aqueous ozone (20 µg/ml) and ozone gas (≥4 mg 
[−3]) against periodontal-pathogens was significantly less 
compared to 2% CHX but were much effective than 0.2% 
CHX. However, none of the agents could significantly 
reduce the Aggregatibacter actinomycetemcomitans in biofilm 
cultures.[39] The influence of ozone with photodynamic 
therapy and antiseptic agents such as 2% CHX, 0.5%, and 5% 
hypochlorite on various organisms in a biofilm model was 
studied in vitro. About 5% hypochlorite was the only agent 
to exhibit significant bactericidal activity against organisms 
protected in the biofilm matrix.[40] Peri-implantitis is a unique 
situation and its management is complicated because of the 
complexity involved in decontaminating the implant surface, 
peri-implant tissue, and prevention of recolonization. 
Conventional, surgical or ozone therapy toward peri-
implantitis was attempted and ozone-treated group caused a 
maximum reduction in the bacterial counts.[41]

Dental plaque is the primary causal factor for gingivitis, 
and if not removed on a daily basis can lead to gingivitis 
and later may progress into periodontal disease.[42] 
Professional cleaning followed by daily rinse of ozonated 
water was effective in reducing the severity of gingivitis and 

periodontitis. However, the use of ozone rinse alone was not 
sufficient to achieve adequate plaque control.[43]

Ozone possesses biosynthetic effect. This ability of 
ozone to proliferate periodontal cells was studied using 
immunochemistry following ozone exposure for 2 min after 
extraction. The expression of proliferation cell nuclear antigen 
and labeling index was comparatively high in the ozone 
group, but not statistically significant, but had no negative 
effect on periodontal cells.[44] Ozone causes vasodilatation 
and increases perfusion in tissues. Ozone therapy on de-
epithelialized gingival graft improved the perfusion in graft 
site during the 1st week when evaluated using laser Doppler 
flowmetry. Furthermore, ozone-treated group reported less 
pain and better quality of life compared to graft alone, post-
surgery.[45] The conclusion from each study toward the use of 
ozone in periodontology is summarized in Table 2.

Ozone in endodontics

The reliability of the use of ozone in endodontics is dependent 
primarily on its antimicrobial action. A  randomized trial 
investigated the effectiveness of ozone gas and sodium 
hypochlorite/CHX in treating apical periodontitis and found 
no significant difference among the groups with regard 
to success rate, bactericidal action, periapical lesion size, 
and periapical index score at 6–12  months. Thus, ozone 
was considered an effective root canal disinfecting agent 
in treating apical periodontitis.[46] Similarly, the effect of 
ozone gas (1 g/m−3) or water (5 µg/l), sodium hypochlorite, 
hydrogen peroxide, and CHX on enteropathogens in 

Author, Year Objective Type of 
study

Conclusion supporting the use of ozone
Positive Negative

Anti-microbial action 

Baysan et al.,  
2000[14]

Effect of ozone on S. mutans and 
Streptococcus sobrinus

In vitro 10s exposure reduced S. mutans 
and Streptococcus sobrinus on 
saliva-coated glass beads. 

Nil

Polydorou 
et al., 2006[16]

Antibacterial effect of ozone gas on 
S. mutans

In vitro Ozone showed significant 
antimicrobial activity against 
S. mutans

40 s ozone was less 
effective compared to 
80s exposure in reducing 
S. mutans counts.

Baysan et al., 
2007[29]

The ability of ozone to eliminate bacteria 
in non cavitated dentine lesions

In vitro Nil Ozone was not effective 
in reducing the bacterial 
count in non cavitated 
dentinal lesions.

Nagayoshi 
et al.,  2004[15]

Bactericidal activity of ozone against oral 
microorganisms in suspension and dental 
plaque

In vitro Ozonated water instantaneously 
destroyed S. mutans and it also 
prevented the accumulation of 
plaque

Nil

ECM: Electrical caries monitor, n-HAP: Nanohydroxyapatite, PRCL: Primary root caries lesions, S. mutans: Streptococcus mutans

Table 1: (Continued)

Non cavitated carious lesions 
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suspension and root canal biofilm model was evaluated. 
Ozone gas and water, hypochlorite, and CHX were effective 
in completely eliminating suspended organisms, but lower 
concentration of ozonated water and peroxide was least 
effective. Total elimination of organisms in the biofilm was 
achieved after exposing them to higher concentration of 
ozone gas or hypochlorite for a minute or using a lower 
concentration (4g/m−3) of ozone gas for at least 2.5 min, but 
aqueous ozone (20 µg/l) and 2% CHX almost eliminated the 
organisms in the biofilm. Thus, ozone efficacy was considered 
to be dependent on time, strain, and concentration for it 
to be effective against the organisms in suspension and 

biofilm.[47] The effect of ozone has been synergistic when 
used in combination with other agents to disinfect root 
canals. Sodium hypochlorite, 2% CHX and ozone gas 
individually had no efficacy against Enterococcus faecalis and 
C. albicans in infected canals; but a combination of 2% CHX 
irrigation followed by a 24s exposure to ozone gas completely 
eliminated them and this synergistic combination can be 
used in the treatment of infected root canals.[48]

However, few in vitro studies on the efficacy of ozone as 
root canal disinfectant are inconsistent. An in vitro study 
assessed the effect of ozonated water, gaseous ozone and 
2.5% hypochlorite in inactivating E. faecalis, but none was 

Table 2: Summary of the studies on the effect of ozone in periodontology.

Periodontal disease
Author, Year Objective Type of 

study
Conclusion supporting the use of ozone

Positive Negative

Ramzy et al., 
2005[36]

Effect of ozonated water 
irrigation in patients with 
aggressive periodontitis

In vitro Ozone treatment along 
with SRP was effective 
in improving the clinical 
parameters

Nil

Skurska et al.,  
2010[37]

SRP alone or in combination 
with ozonated water irrigation 
on clinical parameters and 
MMP levels in subjects 
with chronic and aggressive 
periodontitis

In vitro Nil SRP with ozone water irrigation has 
no additional effect in improving the 
periodontal conditions of patients with 
CP and AP.

Al Habashneh 
et al.,  2015[38]

SRP alone or in combination 
with ozonated water on 
periodontal disease indicators

In vitro Nil SRP+ozonated water irrigation has 
no significant effect as compared to 
SRP+distilled water irrigation.

Huth et al.,  
2011[39]

Antimicrobial action of 
ozone compared with regular 
antiseptics on periopathogens 
in planktonic/biofilm model.

In vitro Aqueous ozone (20 µg/ml) 
or gas (≥4 g3) was as effective 
an antimicrobial agent as 2% 
CHX

Ozone was ineffective in reducing 
the number of Aggregatibacter 
actinomycetemcomitans.

Muller et al., 
2007[40]

Antimicrobial activity of ozone 
and PDT

In vitro Nil Ozone and PDT had very poor cidal 
effects on the organisms in organized 
dental biofilm.

Karapetian 
et al., [41]

Effect of ozone on 
peri-implantitis

In vitro Ozone exhibited the 
maximum reduction in 
bacterial counts

Nil

Brauner A. 
1991[43]

Effectiveness of daily ozone 
rinse following professional 
cleaning on gingivitis and 
periodontitis

In vitro Ozone daily rinse following 
professional cleaning was 
found to be effective

Ozone rinse alone not sufficient to 
achieve plaque control

Biosynthentic effect
Ebensberger et al.,  
2002[44]

Ability of ozone to increase the 
proliferation of periodontal cells

In vitro Ozone showed marginally 
greater proliferating index 
compared to saline

Results not statistically significant

Tasdemir et al., 
2016[45]

Effect of ozone on the first 
week healing period of 
de-epithelialized gingival graft

In vitro Ozone therapy 
significantly improved 
the blood circulation, less 
post-operative pain and 
improved quality of life

Nil

PDT: Photodynamic therapy, CHX: Chlorhexidine
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effective after a 20 min contact period;[49] Hems et al. found 
hypochlorite to possess superior cidal activity compared to 
ozonated water against E. faecalis in broth and culture.[50] 
Ozonated water when combined with sonication exhibited 
similar antimicrobial activity as that of 2.5% sodium 
hypochlorite irrigant and also found to be less cytotoxic 
against cultured fibroblast cells.[51] In a recent study, gaseous 
ozone was found to be less effective in reducing E. faecalis as 
compared to hypochlorite in an organized biofilm and was 
recommended to be used as an adjuvant in canal irrigation 
when hypochlorite is contraindicated.[52] The conclusion 
from each study toward the use of ozone in endodontics is 
summarized in Table 3.

Ozone on dentin hypersensitivity

Dentin hypersensitivity post-surgery was treated with 
ozonized oil or in combination with a calcium sodium 
phosphosilicate mineral wash. Following therapy, ozone 
alone was not effective, but in combination with mineral 
wash was effective in reducing dentinal hypersensitivity.[53] 
Ozone is also used in combination with other remineralizing 
agents (fluoride, CPP-ACP, and CPP-ACP+ Fluoride) to 
treat hypersensitivity in molar incisor hypomineralization 
(MIH). CPP-ACP is proven to be effective in the treatment 
of MIH, and ozone prolonged the action of CPP-ACP.[54] 

Ozone, in combination with a fluoride dentifrice, enhances 
tubular occlusion of dentin compared to a combination 
with oxalates and can be considered an effective adjunct 
in reducing hypersensitivity.[55] However, an evidence 
report following critical evaluation of a placebo-controlled 
triple-blind trial stated ozone has no effect on tooth 
hypersensitivity.[56]

Ozone in oral surgery

The use of ozone to prevent dry socket was investigated 
among 30  patients requiring bilateral surgical extraction of 
impacted lower third molars. Subjects were exposed to either 
intra-alveolar ozone for 12s or saline irrigation and evaluated 
at 48  h post-extraction and after 1  week. Ozone therapy 
following extraction significantly reduced the incidence 
(3.3%) of dry socket compared to controls (16.7%). Hence, 
ozone can reduce the incidence of dry socket and improve 
healing following surgical removal of third molars.[57] 
Application of ozone in combination with antibiotic therapy 
over a 15  day period was used to treat osteoradionecrosis 
of jaw following bisphosphonate treatment for multiple 
myeloma. Out of the twelve treated, eight had complete 
resolution and four had partial resolution,[58] ozone is also 
effective than low lever laser therapy in the treatment of oral 
lichen planus.[59]

Table 3: Summary of the studies on the effect of ozone in endodontics.

Author, Year Objective Type of 
study

Conclusion supporting the use of ozone
Positive Negative

Kist et al., 
2016[46]

Ability of ozone and sodium 
hypochlorite/CHX irrigation to treat 
apical periodontitis

In vivo Ozone gas was as effective as 
hypochlorite/CHX in reducing 
the bacterial levels in the canal

Nil

Huth et al., 
2009[47]

Effect of ozone gas/water on 
enteropathogens in a biofilm

In vitro High concentration of ozone gas 
and water were effective against 
the tested endo pathogens in 
suspension as well as biofilm.

Nil

Noites et al., 
2014[48]

Irrigation with hypochlorite, CHX 
or ozone alone or in combination 
against E. faecalis and Candida 
albicans

In vitro 2% CHX rinse followed by 
24s exposure to ozone gas 
completely eliminated these 
organisms.

Ozone therapy alone was not 
effective against these organisms.

Estrela et al., 
2007[49]

Ant- microbial efficacy of ozone gas, 
water, CHX, and hypochlorite in 
root canals.

In vitro Nil Even application of ozone gas for 
20 min was not effective against 
E. faecalis

Hems et al., 
2005[50]

Efficacy of ozone to kill E. faecalis in 
broth and biofilm

In vitro Effective against E. faecalis in 
planktonic/suspension

Antibacterial not as that of 
hypochlorite against E. faecalis

Nagayoshi et al., 
2004[51]

Antimicrobial activity of ozone 
against Streptococcus mutans and 
E. faecalis

In vitro Ozonated water under 
sonication was as effective as 
2.5% hypochlorite.

Nil 

Boch et al., 
2015[52]

Antimicrobial activity of gaseous 
ozone on E. faecalis in a biofilm

In vitro Ozone effective against 
E. faecalis even in a biofilm.

Antimicrobial activity is less 
as compared to hypochlorite; 
hence, it can be used as an 
adjunct in endodontic treatment. 

E. faecalis: Enterococcus faecalis, CHX: Chlorhexidine
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Ozone in prosthodontics

One of the most common problems associated with denture 
use is stomatitis caused by C. albicans. Three studies were 
identified which evaluated the efficacy of ozone either in 
gaseous or aqueous form against C. albicans in denture. 
Ozone gas was found to be much effective than aqueous 
form to disinfect dentures,[60] but ozonated water immersion 
is also considered effective to reduce C. albicans in denture 
plates.[61] A denture cleanser releasing ozone bubbles with a 
concentration of 10 ppm has been developed and is effective 
in reducing the number of C. albicans following a 30–60 min 
exposure.[62]

Ozone toxicity

Ozone is a strong oxidizing agent and when inhaled is 
extremely toxic to the bronchio-pulmonary system. It can 
cause sore throat, dryness of mouth, coughing, potentiate 
asthma, and lung damage when inhaled.[63] It can also 
prove fatal when exposed to a concentration of 0.3 ppm for 
15  min or 0.06  ppm, 8  h a day for 5  days.[64] Hence, ozone 
has no safety threshold as it is a toxic gas and can affect 
the respiratory system even at 120 ppb. Ozi-cure™ ozone 
delivery system is considered unsafe for dental use since 
the concentration of ozone surrounding the exposure was 
above the recommended levels; however, Healozone™ ozone 
delivery system was found to be safe.[65] Considering the risk 
involved, ozone water is less cytotoxic compared to gaseous 
ozone and other antimicrobials toward oral epithelial cells 
and gingival fibroblasts.[66]

CONCLUSION

The use of ozone to treat oral and dental diseases, indeed, is 
a paradigm shift in clinical practice. However, the effective 
use of ozone in routine dental practice is not yet universally 
accepted due to lack of adequate knowledge, training, and 
the conflicting evidence in literature. Although the result of 
the present literature review confirmed the absence of high-
quality evidence to support the reported use of ozone in 
various specialties of dentistry, the results of existing studies 
are very encouraging and are putting ozone in the map of 
all-in-one and must have tools in dentistry. The previous 
reports were based on in vitro studies and few clinical trials 
with methodological flaws, smaller duration of follow-up 
and fewer subjects. Analyses in the majority of the involved 
studies were performed at the lesion level, which lacks 
sufficient validity. Thus, well-controlled double/triple-blind 
randomized trials, on larger sample, with sufficient follow-
up period, standardized measurements and well-established 
analysis, are needed to establish ozone therapy as a standard 
treatment modality in dental practice.

Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. Bocci V, Borrelli E, Travagli V, Zanardi I. The ozone paradox: 
Ozone is a strong oxidant as well as a medical drug. Med Res 
Rev 2009;29:646-82.

2. Lynch E. Ozone: The Revolution in Dentistry. London: 
Quintessence; 2004. p. 23-30.

3. Seidler V, Linetskiy I, Hubálková H, Stanková H, Smucler R, 
Mazánek J, et al. Ozone and its usage in general medicine and 
dentistry. A review article. Prague Med Rep 2008;109:5-13.

4. Teresa B, Wolanska E, Cieszko-Buk M, Orlowski M, Chalas R. 
Practical use of ozone in dentistry-comments. Ann Univ Maria 
Curie Sklodowska Lubin Polonia 2008;63:28.

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

6. Roy D, Wong PK, Engelbrecht RS, Chian ES. Mechanism of 
enteroviral inactivation by ozone. Appl Environ Microbiol 
1981;41:718-23.

7. Bocci V. Ozone as Janus: This controversial gas can be either 
toxic or medically useful. Mediators Inflamm 2004;13:3-11.

8. Bocci V. Ozone. The Netherlands: Springer; 2005.
9. Frencken JE, Peters MC, Manton DJ, Leal SC, Gordan VV, 

Eden E, et al. Minimal intervention dentistry for managing 
dental caries a review: Report of a FDI task group. Int Dent J 
2012;62:223-43.

10. Azarpazhooh A, Limeback H. The application of ozone 
in dentistry: A  systematic review of literature. J  Dent 
2008;36:104-16.

11. Johansson E, Claesson R, van Dijken JW. Antibacterial effect of 
ozone on cariogenic bacterial species. J Dent 2009;37:449-53.

12. Sadatullah S, Mohamed NH, Razak FA. The antimicrobial effect 
of 0.1 ppm ozonated water on 24-hour plaque microorganisms 
in situ. Braz Oral Res 2012;26:126-31.

13. Baysan A, Lynch E. Effect of ozone on the oral microbiota 
and clinical severity of primary root caries. Am J Dent 
2004;17:56-60.

14. Baysan A, Whiley RA, Lynch E. Antimicrobial effect of a novel 
ozone-  generating device on micro-organisms associated 
with primary root carious lesions in vitro. Caries Res 
2000;34:498-501.

15. Nagayoshi M, Fukuizumi T, Kitamura C, Yano J, Terashita M, 
Nishihara T, et al. Efficacy of ozone on survival and 
permeability of oral microorganisms. Oral Microbiol Immunol 
2004;19:240-6.

16. Polydorou O, Pelz K, Hahn P. Antibacterial effect of an ozone 
device and its comparison with two dentin-bonding systems. 
Eur J Oral Sci 2006;114:349-53.

17. Khatri I, Moger G, Kumar NA. Evaluation of effect of topical 
ozone therapy on salivary candidal carriage in oral candidiasis. 



Srinivasan and Amaechi: Ozone application in dentistry

Journal of Global Oral Health • Volume 2 • Issue 1 • January-June 2019 | 76

Indian J Dent Res 2015;26:158-62.
18. Baysan A, Lynch E. Clinical reversal of root caries using ozone: 

6-month results. Am J Dent 2007;20:203-8.
19. Baysan A. Management of Primary Root Caries Using Ozone 

Therapies. London: Bart’s and the London Queen Mary’s 
School of Medicine and Dentistry; 2002.

20. Holmes J. Clinical reversal of root caries using ozone, double-
blind, randomised, controlled 18-month trial. Gerodontology 
2003;20:106-14.

21. Dähnhardt JE, Jaeggi T, Lussi A. Treating open carious lesions 
in anxious children with ozone. A  prospective controlled 
clinical study. Am J Dent 2006;19:267-70.

22. Unal M, Oztas N. Remineralization capacity of three 
fissure sealants with and without gaseous ozone on non-
cavitated incipient pit and fissure caries. J  Clin Pediatr Dent 
2015;39:364-70.

23. Abu Naba’a L. Management of Primary Occlusal Pit and 
Fissure Caries Using Ozone. London: Doctoral Thesis; 2003.

24. Huth KC, Paschos E, Brand K, Hickel R. Effect of ozone 
on non-cavitated fissure carious lesions in permanent 
molars. A  controlled prospective clinical study. Am J Dent 
2005;18:223-8.

25. Srinivasan S, Prabhu V, Chandra S, Koshy S, Acharya S, 
Mahato  KK. Does Ozone Enhance the Remineralizing 
Potential of Nanohydroxyapatite on Artificially Demineralized 
Enamel? A Laser Induced Fluorescence Study. Proceedings of 
SPIE, No. 8929, Lasers in Dentistry 20, 892903; 2014.

26. Samuel SR, Dorai S, Khatri SG, Patil ST. Effect of ozone to 
remineralize initial enamel caries: In situ study. Clin Oral 
Investig 2016;20:1109-13.

27. Nie L1, Li X, Hu DY. Effect of ozone on the remineralization 
of enamel in vitro. Zhonghua Kou Qiang Yi Xue Za Zhi 
2007;42:102-5.

28. Duggal MS, Nikolopoulou A, Tahmassebi JF. The additional 
effect of ozone in combination with adjunct remineralisation 
products on inhibition of demineralisation of the dental hard 
tissues in situ. J Dent 2012;40:934-40.

29. Baysan A, Beighton D. Assessment of the ozone-mediated 
killing of bacteria in infected dentine associated with non-
cavitated occlusal carious lesions. Caries Res 2007;41:337-41.

30. Aoba T, Moreno EC, Hay DI. Inhibition of apatite crystal 
growth by the amino-terminal segment of human salivary 
acidic proline-rich proteins. Calcif Tissue Int 1984;36:651-8.

31. Baysan A, Lynch E. Management of Root Caries Using Ozone; 
2002. Available from: http://www.kavo.com/forum/upfiles/4/
Db84539.pdf 16. [Last accessed on 2017 Jul 20].

32. Silwood CJ, Lynch EJ, Seddon S, Sheerin A, Claxson AW, 
Grootveld MC, et al 1H-NMR analysis of microbial-derived 
organic acids in primary root carious lesions and saliva. NMR 
Biomed 1999;12:345-56.

33. Margolis HC, Moreno EC, Murphy BJ. Importance of high 
pKA acids in cariogenic potential of plaque. J  Dent Res 
1985;64:786-92.

34. Elsayad II. Chemical analysis and surface morphology 
of enamel following ozone application with different 
concentrations and exposure times. J Adv Res 2011;2:131-6.

35. Celiberti P, Pazera P, Lussi A. The impact of ozone treatment 
on enamel physical properties. Am J Dent 2006;19:67-72.

36. Ramzy MI, Gomaa HE, Mostafa MI. Management of aggressive 
periodontitis using ozonized water. Egypt Med J 2005;6:229-
245.

37. Skurska A, Pietruska MD, Paniczko-Drężek A, Dolińska  E, 
Zelazowska-Rutkowska B, Zak J, et al. Evaluation of the 
influence of ozonotherapy on the clinical parameters and MMP 
levels in patients with chronic and aggressive periodontitis. 
Adv Med Sci 2010;55:297-307.

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

39. Huth KC, Quirling M, Lenzke S, Paschos E, Kamereck K, 
Brand  K, et al. Effectiveness of ozone against periodontal 
pathogenic microorganisms. Eur J Oral Sci 2011;119:204-10.

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

41. Karapetian VE, Neugebauer J, Clausnitzer CE, Zoller JE. 
Comparison of Different Periimplantitis Treatment Methods. 
Available from: http://www.helbo.at/datasheets/poster_
karapetian_0304.pdf. [Last accessed on 2017 Jul 20].

42. Page RC. The etiology and pathogenesis of periodontitis. 
Compend Contin Educ Dent 2002;23:11-4.

43. Brauner A. A clinical investigation of the therapeutic success 
of ozonized water in treating gingivitis and periodontitis. 
Zahnärztl Praxis 1991;2:48-50.

44. Ebensberger U, Pohl Y, Filippi A. PCNA-expression of 
cementoblasts and fibroblasts on the root surface after extraoral 
rinsing for decontamination. Dent Traumatol 2002;18:262-6.

45. Taşdemir 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;87:663-71.

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

47. Huth KC, Quirling M, Maier S, Kamereck K, Alkhayer  M, 
Paschos E, et al. Effectiveness of ozone against 
endodontopathogenic microorganisms in a root canal biofilm 
model. Int Endod J 2009;42:3-13.

48. Noites R, Pina-Vaz C, Rocha R, Carvalho MF, Gonçalves  A, 
Pina-Vaz I, et al. Synergistic antimicrobial action of 
chlorhexidine and ozone in endodontic treatment. Biomed Res 
Int 2014;2014:592423.

49. Estrela C, Estrela CR, Decurcio DA, Hollanda AC, Silva JA. 
Antimicrobial efficacy of ozonated water, gaseous ozone, 
sodium hypochlorite and chlorhexidine in infected human 
root canals. Int Endod J 2007;40:85-93.

50. Hems RS, Gulabivala K, Ng YL, Ready D, Spratt DA. An in vitro 
evaluation of the ability of ozone to kill a strain of Enterococcus 
faecalis. Int Endod J 2005;38:22-9.

51. Nagayoshi M, Kitamura C, Fukuizumi T, Nishihara T, 
Terashita M. Antimicrobial effect of ozonated water on bacteria 
invading dentinal tubules. J Endod 2004;30:778-81.

52. Boch T, Tennert C, Vach K, Al-Ahmad A, Hellwig E, 



Srinivasan and Amaechi: Ozone application in dentistry

Journal of Global Oral Health • Volume 2 • Issue 1 • January-June 2019 | 77

Polydorou  O, et al. Effect of gaseous ozone on Enterococcus 
faecalis biofilm-an in vitro study. Clin Oral Investig 
2016;20:1733-9.

53. Patel PV, Patel A, Kumar S, Holmes JC. Evaluation of 
ozonated olive oil with or without adjunctive application of 
calcium sodium phosphosilicate on post-surgical root dentin 
hypersensitivity: A  randomized, double-blinded, controlled, 
clinical trial. Minerva Stomatol 2013;62:147-61.

54. Ozgül BM, Saat S, Sönmez H, Oz FT. Clinical evaluation of 
desensitizing treatment for incisor teeth affected by molar-
incisor hypomineralization. J Clin Pediatr Dent 2013;38:101-5.

55. Raafat Abdelaziz R, Mosallam RS, Yousry MM. Tubular 
occlusion of simulated hypersensitive dentin by the combined 
use of ozone and desensitizing agents. Acta Odontol Scand 
2011;69:395-400.

56. Elgalaid T. Ozone treatment had no effect on tooth 
hypersensitivity. Evid Based Dent 2010;11:70.

57. Ahmedi J, Ahmedi E, Sejfija O, Agani Z, Hamiti V. Efficiency 
of gaseous ozone in reducing the development of dry 
socket following surgical third molar extraction. Eur J Dent 
2016;10:381-5.

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

59. Kazancioglu HO, Erisen M. Comparison of low-level laser 
therapy versus ozone therapy in the treatment of oral lichen 

planus. Ann Dermatol 2015;27:485-91.
60. Oizumi M, Suzuki T, Uchida M, Furuya J, Okamoto Y. In vitro 

testing of a denture cleaning method using ozone. J Med Dent 
Sci 1998;45:135-9.

61. Arita M, Nagayoshi M, Fukuizumi T, Okinaga T, Masumi S, 
Morikawa M, et al. Microbicidal efficacy of ozonated water 
against Candida albicans adhering to acrylic denture plates. 
Oral Microbiol Immunol 2005;20:206-10.

62. Murakami H, Sakuma S, Nakamura K, Ito Y, Hattori M, Asai A, 
et al. Disinfection of removable dentures using ozone. Dent 
Mater J 1996;15:220-5.

63. Menzel DB. Ozone: An overview of its toxicity in man and 
animals. J Toxicol Environ Health 1984;13:183-204.

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

65. Millar BJ, Hodson N. Assessment of the safety of two ozone 
delivery devices. J Dent 2007;35:195-200.

66. Huth KC, Jakob FM, Saugel B, Cappello C, Paschos E, 
Hollweck R, et al. Effect of ozone on oral cells compared with 
established antimicrobials. Eur J Oral Sci 2006;114:435-40.

How to cite this article: Srinivasan SR, Amaechi BT. Ozone: A paradigm 
shift in dental therapy. J Global Oral Health 2019;2(1):68-77.




