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ABSTRACT

Ozone has been successfully used as a therapeutical agent for the treatment of various diseases. In spite of achieving many positive results its
clinical use remains controversial. In dentistry it is used for the treatment of gingival and periodontal diseases, peri-implantitis, infection control,
hypersensitivity, temporomandibular disorders, radiotherapy induced mucositis, lichen planus etc. The aim of this short review is to discard
skepticism regarding ozone therapy and to explain its biological actions and uses.
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INTRODUCTION

Ozone , an allotropic form of oxygen (triatomic oxygen) is found as a
natural gas in the stratosphere . Ozone is present at levels less than 20
pg/m from earth's plane making life possible. When UV rays strike
oxygen, the two oxygen atoms split apart. These atoms then
indivi(?ually collide with O, to form O,in agreement with the Chapman
theory .
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O,is also produced in nature during the electric discharge of lightning.
It is very beneficial in the stratosphere layer as it absorbs dangerous B
and C ultraviolet radiations. It is toxic for the pulmonary tract when
mixed with carbon monoxide (CO), N,O, and traces of acids. The US
Clean Air Act has set an ozone level of 120mg/m’ as an Shr mean
concentration to protect the health of workers. Medical grade ozone is
amixture of pure O, and O,in the ratio 0of 0.1% to 5% of O,and 95% to
99.5% of O,”. Industrial ozone is produced from air but medical ozone
must be generated ex tempore only by using medical oxygen because
otherwise the simultaneous generation of nitric dioxide (NO,) will be
very toxic’.

Historical Review

The use of ozone therapy dates back to1800s. Christian Friedrich
Schonbein, in 1839, noticed the emergence of a pungent gas with an
"electric smell." He called it "ozone".

In 71896 the genius Nikola Tesla patented the first O, generator in the
US and later formed the 'Tesla Ozone Company.’

Ozone was first used during World War I for treating German soldiers
affected by gaseous gangrene due to Clostridium anaerobic infections.
Stoker reported the first 21 medical cases successfully treated with
ozone.

In 71932, ozonated water was used as a disinfectant by EA Fisch, a
Swiss dentist. Later, a surgeon, Dr. E Payr (1871-1946) had to be
treated for a gangrenous pulpite and remained astonished by the result.
He, then extended its application to general surgery. The first ozone
generator for medical use was developed by Joachim Hinsler, a
German physicist and Hans Wolff, a German physicianin 1957.

The Ozone Dogma
There was a dogma that "ozone is toxic any way you deal with it,"

creating the concept that ozone should not be used in medicinal field. In
some countries, quacks without any medical qualification, inject ozone
intravenously, a procedure prohibited since 1984 in Germany because
of the risk of pulmonary embolism and death. This situation has
generated a sort of crusade against ozone therapy in spite of the fact
that ozone is considered one of the best disinfectants capable of
preventing infection outbreaks’. Interestingly, Paracelsus
(1495-1541) did not know biochemistry but guessed that "all things
are poison and nothing is without poison, only the dose permits
something not to be poisonous."

Behaviour Of Ozone

Among oxidant agents, it is the third strongest, after fluorine and
persulphate. Wentworth et al. (2003) have postulated that in
atherosclerotic patients human endothelium cells may produce ozone
*. Normal or neoplastic cells in culture, are very sensitive to 0zone even
if the gas has a very low concentration ‘. Culture media have a
significantly lower level of antioxidants than plasma . At variance with
blood, the eyes and the lungs are very sensitive to ozone because they
have minimal antioxidant and neutralizing capabilities and therefore
ozone should never contact these organs *.

BIOLOGICALMECHANISMS ELICITED BY OZONE
Antimicrobial Action

At low concentration of 0.1 ppm O, causes inactivation of bacterial
cells and their spores. It inhibits cell growth at certain stages of fungi,
budding are highly sensitive. In virus, it damages the viral capsid and
disturbs the reproductive cycle. Ozone cannot inactivate bacteria,
viruses, and fungi in vivo because the pathogens are well protected
inside the cells by the powerful antioxidant system .

Metabolism

Ozone therapy leads to an increased red blood cell glycolysis rate. This
in turn leads to the stimulation of 2,3-diphosphoglycerate leading to an
increase in the amount of oxygen released to the tissues. Ozone
activates the Krebs cycle. It enhances the production of enzymes like
glutathione peroxidise, catalase and superoxide dismutase which act as
free radical scavengers and cell wall protectors .
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Activation Of Immune System "'

It stimulates proliferation of immunocompetent cells. The function of
macrophages is activated due to which sensitivity of microorganisms
to phagocytosis is increased. Biologically active substances such as
interleukins, prostaglandins, and leukotrienes, are synthesized.

Anti-Inflammatory Action

Ozone is anti-inflammatory. These effects are due to decrease in the
production of mediators of the inflammation. The infection or
inflammation is positively charged (acidic) and ozone is negatively
charged (basic) so the chemistry of infection and inflammation attracts
ozoneto the area .

Applications of Ozone in Dentistry

Ozone is a very good alternative and/or an additional disinfectant to
standard antiseptics. According to Krammer (1983), " a German
dentist, aqueous ozone can be used:

1. Asapowerful disinfectant.

2.To control bleeding.

3. To cleanse wounds in bones and soft tissues.

4. To improve healing by increasing the local supply of oxygen.

5. To increase the metabolic processes related to wound healing

Uses in Periodontics

The use of ozonized solutions for complex treatment of inflammatory
diseases of periodontium was studied by Sorokina and Zaslavskaja in
1997 . Both gaseous and aqueous ozone are used as an adjunct to
mechanical debridement. Ebensberger et al. (2009)" evaluated the
effect of ozonated water on the proliferation of cells in the periodontal
ligament. They concluded that the 2 min irrigation of the avulsed teeth
with ozonated water might lead to mechanical cleansing and
decontamination of the root surface, with no negative effect on
periodontal cells.

Nagayoshi et al.(2004) examined the effect of ozonated water on oral
microorganisms and dental plaque. They confirm that ozonated water
was effective in killing both gram positive and gram negative micro-
organisms. Also, ozonated water inhibited the accumulation of dental
plaquein vitro

Matsumura et al.(2004) ozone does not have a major effect on
stimulation of gingival cells for osteoblastic activity in the
regeneration of the periodontium around implants .

Ramzy et al.(2005) irrigated the periodontal pockets with ozonized
water in patients with aggressive periodontitis. Improvement in
clinical parameters was recorded in quadrants treated with SRP plus
ozone application .

Huth et al.(2007) examined the effect of ozone on the influence on the
host immune response. They concluded that ozone exerts inhibitory
effects on the NF-kappaB system, suggesting that it has an anti-
inflammatory capacity ".

Kshitish and Laxman(2010) conducted a randomized split-mouth
study on 16 patients suffering from generalized chronic periodontitis.
The antifungal effect of ozone was pronounced. CHX did not
demonstrate any antifungal effect.”

Dodwad et al.(2011) compared the effect of oral irrigation with
ozonated water, 0.2% Chlorhexidine and 10% Povidone iodine in
patients with chronic periodontitis. The study concluded that local
ozone application can serve as an antimicrobial agent”'.

Irmgard et al.(2012) conducted an in vitro study on the influence of
gaseous ozone in peri implantitis using titanium and zirconia. They
concluded that gaseous ozone showed selective efficacy to reduce
adherent bacteria on titanium and zirconia without affecting adhesion
and proliferation of osteoblastic cells ™.

CONCLUSION:

Ozone therapy being painless and non invasive is readily accepted by
patients. Pulmonary toxicity due to prolonged inhalation of polluted
air and many studies, performed in saline washed erythrocytes
unprotected by the potent plasma antioxidants, have generated the
dogma that 'ozone is always toxic and should not be used in medicine.'
Thus only scientifically well-demonstrated advantages can eliminate
this skepticism and generalize its use in medical and dental treatment.

REFERENCES:
1. Das S. Application of ozone therapy in dentistry. Indian Journal of Dental Sciences.
2001;3:538-42.

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

3. Kogelschatz U, Eliasson B, Hirth M. Ozone generation from oxygen and air: discharge
physics and reaction mechanisms. 1988.

4. VaB. Scientific and medical aspects of ozone therapy. State of the art. arch. Med. res.
2006;37:425-35.

5. Wentworth P, Nieva J, Takeuchi C, Galve R, Wentworth AD, Dilley RB, DeLaria GA,
Saven A, Babior BM, Janda KD, Eschenmoser A. Evidence for ozone formation in
human atherosclerotic arteries. Science. 2003 Nov 7;302(5647):1053-6.

6. Sweet F, Kao MS, Lee SC, Hagar WL, Sweet WE. Ozone selectively inhibits growth of
human cancer cells. Science. 1980 Aug 22;209(4459):931-3.

7. Leist M, Raab B, Maurer S, Résick U, Brigelius-Flohé R. Conventional cell culture
media do not adequately supply cells with antioxidants and thus facilitate peroxide-
induced genotoxicity. Free Radical Biology and Medicine. 1996 Jan 1;21(3):297-306.

8. BocciV, Venturi G, Catucci M, Valensin PE, Zazzi M. Lack of efficacy of ozone therapy
in HIV infection. Clinical microbiology and infection. 1998 Nov;4(11):667-9.

9. Bocci V, Luzzi E, Corradeschi F, Paulesu L, Di Stefano A. Studies on the biological
effects of ozone: 3. An attempt to define conditions for optimal induction of cytokines.
Lymphokine Cytokine Res 1993;12:121-126.

10. Viebahn-Haensler R, Lee A. The use of ozone in medicine. Heidelberg:
ODREIPublishers; 2002.

11. Seidler V, Linetskiy I, Hubalkova H, Stankova H, Smucler R, Mazanek J. Ozone and its
usage in general medicine and dentistry. A review article. Prague Med Rep.
2008;109(1):5-13.

12.  Sujatha B, Kumar MG, Pratap GM, Vardhan R. Ozone therapy—A paradigm shift in
dentistry. Health Sci. 2013;2(3):1-0.

13. Krammer F. Ozone in the dental practice. Medical applications of ozone. Norwalk, CT:
International ozone association, Pan American committee. 1983:258-65.

14.  Sorokina S, Zaslavskaja M. A comparative study of a bactericidal activity of ozonized
solutions during treatment of inflammatory diseases of paradontium. InThe medical
academy of Nizhni Novgorod, Russia. Source: 2nd International Symposium on Ozone
Applications. Havana, Cuba-March 1997: 24-26.

15.  Ebensberger U, Pohl Y, Filippi A. PCNA-expression of cementoblasts and fibroblasts on
the root surface after extraoral rinsing for decontamination. Dental Traumatology. 2002
Oct;18(5):262-6.

16.  Nagayoshi M, Fukuizumi T, Kitamura C, Yano J, Terashita M, Nishihara T. Efficacy of
ozone on survival and permeability of oral microorganisms. Oral microbiology and
immunology. 2004 Aug;19(4):240-6.

17. Matsumura K, Hyon SH, Nakajima N, Iwata H, Watazu A, Tsutsumi S. Surface
modification of poly (ethylene-co-vinyl alcohol): hydroxyapatite immobilization and
control of periodontal ligament cells differentiation. Biomaterials. 2004 Aug
1;25(19):4817-24.

18.  MI R GH, MI M ZB. Management of aggressive periodontitis using ozonized water.
EgyptMed JNR C.2005:6(1):229-45.

19.  Huth KC, Saugel B, Jakob FM, Cappello C, Quirling M, Paschos E, Ern K, Hickel R,
Brand K. Effect of aqueous ozone on the NF-kB system. Journal of dental research. 2007
May:86(5):451-6.

20. Kshitish D, Laxman VK. The use of ozonated water and 0.2% chlorhexidine in the
treatment of periodontitis patients: A clinical and microbiologic study. Indian Journal of
Dental Research. 2010 Jul 1;21(3):341.

21. Dodwad V, Gupta S, Sethi M, Kumar K, Masamatti S. Changing paradigm in pocket
therapy—Ozone versus Conventional irrigation. International Journal of Public Health
Dentistry. 2011 Nov 23;2(2):7-12.

22. Hauser-Gerspach I, Vadaszan J, Deronjic I, Gass C, Meyer J, Dard M, Waltimo T,
Stiibinger S, Mauth C. Influence of gaseous ozone in peri-implantitis: bactericidal
efficacy and cellular response. An in vitro study using titanium and zirconia. Clinical
oral investigations. 2012 Aug 1;16(4):1049-59.

| 16 |—| International Journal of Scientific Research |



