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ABSTRACT

In most industrialized countries, dental caries (tooth decay) is a major oral health problem.
Healozone is an oxygen generating system that adds ozone to the part of the tooth that is
damaged by decay. A thorough literature search was performed using the database like PubMed,
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Google scholar, BioRxiv, MESH, Google Cochrane database using the keywords ‘healozone’
and ’ dental caries’ with no date and year restrictions. The language is restricted to English. 16
articles with similar data have been found which were analyzed and have been included in this
study. The recent articles discussed in this study help us in gaining further knowledge about
‘healozone’ and their application in dental caries. The usage of healozone has been discussed in
this article and has been widely used by dental practitioners with a 100% success rate. Healozone
treatment is more in contrast to the current traditional therapeutic modalities as it is a minimally
invasive and conservative approach, a very inexpensive, painless therapy that increases patient
acceptance and compliance with minimal adverse effects. The main aim of the study is to fathom
the application of healozone in the treatment of dental caries which is a significant area of focus
in a majority of the countries since it affects the population on a vast scale.
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INTRODUCTION

In most industrialized countries, dental caries (tooth decay) is a major oral health problem
affecting 60—90 percent of schoolchildren and the vast majority of adults.(Fejerskov and Kidd,
2009) Tooth decay, also known as dental caries or cavities, is a deterioration of teeth caused by
bacteria-formed acids(Diesendorf, 1986; Mitchell, 2003). The cavities can range from yellow to
black in several different colors. Symptoms may involve discomfort and feeding
difficulties(Lewis, 1985; Pashley, 1985). At this stage, the tooth decay can be stopped or
reversed. Enamel is able to fix itself using saliva minerals, and toothpaste fluoride or other
sources(Pellico, 1988). The enamel gets damaged and eroded over time, thereby creating a
cavity. A cavity is a permanent damage that a dentist is needed to fix with a fill(Li et al., 2014).
While some study suggests that ozone therapy's beneficial effects are consistent and effective,
other sources suggest there is insufficient evidence to determine its true efficacy or safety(Tianet
al., 2015). HealOzone converts ambient oxygen into ozone oxide, which is an incredibly
effective disinfectant. Healozone is a perfect tool for identifying and getting rid of any early
signs of tooth decay before it progresses further(Brazzelli et al., 2006). Healozone is an oxygen
generating system that adds ozone to the part of the tooth that is damaged by decay. The ozone is
working to destroy the bacteria that cause the tooth to deteriorate(Duki¢, Duki¢ and Milardovic,
2009). Research has shown that 99 percent of oral bacteria can be destroyed by as little as ten
seconds of ozone therapy. Healozone has been used as a potent disinfectant; to guard against
bleeding, to cleanse bone and soft tissue wounds and to improve healing by boosting local
oxygen supply to the wound area in the field of dentistry.(Lynch et al., 2004; Libonati et al.,
2019)

Tooth decay is the destruction of your tooth enamel, the hard, outer layer of your tooth. It can be
a problem for children, teens, and adults. Plaque, a sticky film of bacteria, constantly forms on
your teeth. When you eat or drink foods containing sugars, the bacteria in plaque produce acids
that attack tooth enamel(Marsh, 1994). The stickiness of the plaque keeps these acids in contact
with your teeth and over time the enamel can break down. The acid produced by the bacteria
breaks down food debris or sugar on the surface of the tooth(Bibby, Volker and Van Kersteren,
1942; Chandrabhan et al., 2012). Simple sugars in food are the primary source of energy for
these bacteria and so a diet high in simple sugar is a risk factor(Kmietowicz, 2014).
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If mineral degradation is greater than building up from sources such as saliva, the result will be
dental caries(Kidd, 2005; Silva da Cruz et al., 2020). This is when cavities can form. Cavities are
more common among children, but changes that occur with aging make cavities, an adult
problem, too. Children with dental anomalies are at higher risk of caries(Harsha and Brundha,
2017). The recession of the gums away from the teeth, combined with an increased incidence of
gum disease, can expose tooth roots to plaque(Febres, Echeverri and Keene, 1997; Cheng et al.,
2009). The cavities may vary from yellow to black in a variety of different colors. Symptoms can
include discomfort and eating difficulties. Complications may include tissue inflammation
around the tooth, tooth loss, and the development of infection or abscess(Cooper, 2015). Risk
factors include disorders that contribute to lower saliva such as: diabetes mellitus, syndrome of
Sjogren and certain drugs. Medicinal products that reduce the production of saliva include
antihistamines and antidepressants.(MohammadSadeghi et al., 2020) Dental caries are also
associated with deprivation, inadequate mouth hygiene, and receding gums leading to exposure
of the teeth 's roots(Pitts, 2016).

Dental caries prevention requires daily teeth washing, a low sugar diet, and small quantities of
fluoride. Brushing the teeth twice a day and flossing between the teeth once a day is
recommended(Kaur, 2019). Fluoride can be obtained from water, salt, or toothpaste, among
other sources. Treatment of a mother's dental caries may decrease the risk in her children by
reducing the amount of such bacteria that she can transmit to them(Ziskin, 1926; Jlykamepuu et
al., 2017). Screening can lead to earlier detection. Depending on the severity of the damage,
various procedures can be used to return the tooth to proper function or extract the tooth. There is
no known method to grow large amounts of the tooth back(Murata, 2003). Treatment availability
is often poor in developing countries. Paracetamol (acetaminophen) or ibuprofen are given to
treat pain(Mp, Brundha and Nallaswamy, 2019). Radiation treatment to cancer therapy can
cause xerostomia leading to dental decay (Balaji, Brundha and Path, 2016)

Treatments with Fluoride, i.e if your cavity has just begun, a fluoride treatment can help repair
the enamel of your tooth, and even in very early stages, it can cure cavities which have
undergone fillings, crowns, root canals, and tooth extractions(Brundha, Pathmashri and Sundari,
2019). Our team has rich experience in research and we have collaborated with numerous
authors over various topics in the past decade (Ariga et al., 2018; Basha, Ganapathy and
Venugopalan, 2018; Hannah et al., 2018; Hussainy et al., 2018; Jeevanandan and Govindaraju,
2018; Kannan and Venugopalan, 2018; Kumar and Antony, 2018; Manohar and Sharma, 2018;
Menon et al., 2018; Nandakumar and Nasim, 2018; Nandhini, Babu and Mohanraj, 2018;
Ravinthar and Jayalakshmi, 2018; Seppan et al., 2018; Teja, Ramesh and Priya, 2018;
Duraisamy et al., 2019; Gheena and Ezhilarasan, 2019; Hema Shree et al., 2019; Rajakeerthi and
Ms, 2019; Rajendran et al., 2019; Sekar et al., 2019; Sharma et al., 2019; Siddique et al., 2019;
Janani, Palanivelu and Sandhya, 2020; Johnson et al., 2020; Jose, Ajitha and Subbaiyan, 2020).
Our institution is passionate about high quality evidence based research and has excelled in

various fields ( (Pc, Marimuthu and Devadoss, 2018; Ramesh et al., 2018; Vijayashree
Priyadharsini, Smiline Girija and Paramasivam, 2018; Ezhilarasan, Apoorva and Ashok
Vardhan, 2019; Ramadurai et al., 2019; Sridharan et al., 2019; Vijayashree Priyadharsini, 2019;
Chandrasekar et al., 2020; Mathew et al., 2020; R et al., 2020; Samuel, 2021)
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Oral Microbes

The mouth contains a large range of oral bacteria, but it is known that only a few different
species of bacteria cause dental caries: Streptococcus mutans and Lactobacillus among
them(Timothy, Samyuktha and Brundha, 2019). Streptococcus mutans are gram-positive bacteria
which make up biofilms on the teeth's surface. After fermentation of dietary sugars these
organisms can produce high levels of lactic acid and are resistant to the adverse effects of low
pH, essential properties for cariogenic bacteria(Prashaanthi and Brundha, 2018). As root surface
cement is more easily demineralized than enamel surfaces[Citation error], root caries can be
caused by a wider variety of bacteria, including Lactobacillus acidophilus, Actinomyces spp.,
Nocardia spp. and Streptococcus mutans(Kumar, Ashok Kumar and Brundha, 2016). Bacteria
accumulate in a sticky, creamy-colored mass called plaque around the teeth and gums which
serves as a biofilm(Preethikaa and Brundha, 2018; Hannah et al., 2019). For example, sites with
a low salivary flow rate (molar fissures) gather plaque[Citation error] more frequently than
others. Grooves on the occlusal surfaces of molar and premolar teeth provide plaque bacteria
with microscopic retention sites, as do the interproximal sites(Shreya and Brundha, 2017).
Plaque can also accumulate above or below the gingiva where, respectively, it is referred to as
the supra or subgingival plaque. These strains are bacterial, most notably S.Mutans can be
acquired from a caretaker's kiss or by premasticated feeding(Kalaiselvi and Brundha, 2016).
These microorganisms also cause eye infection and abscess (P Jannathulferdioz, no date).
Mycobacterium species like Mycobacterium leprae affects the nervous system and produce
parasthesia(Brundha, 2015)

The mutans streptococci, most notably Streptococcus mutans and Streptococcus sobrinus, and
lactobacilli are the most common bacteria associated with dental cavities. However, cariogenic
bacteria (the ones that may cause the disease) are found in the dental plaque(Swetha and
Brundha, 2017), but they are typically too small to cause complications[Citation error] unless a
balance change occurs. This is caused by local changes in the environment, such as the regular
intake of sugar or insufficient removal of biofilm (toothbrushing). If left untreated, the disease
can lead to discomfort, tooth loss and infection(John and Brundha, 2016).

Typically, dental caries can be spotted on two specific[Citation error] areas of the teeth: occlusal
caries, which form at the topmost of the tooth where food particles repeatedly come into direct
contact[Citation error] with the teeth and interproximal caries, which are dental caries forming
between the teeth[Citation error].

Availability of ozone

Ozone (Os) is a highly reactive gas that consists of three oxygen atoms. It is both a natural and a
man-made product that occurs in the upper molecule of ozone (the stratosphere) and lower
atmosphere (the troposphere) of the Earth. Ozone affects life on Earth in either good or bad
ways, depending upon where it is in the atmosphere(Alpan and Bakar, 2018).

Stratospheric ozone is produced naturally by the interaction with molecular oxygen (O;) through
ultraviolet solar (UV) radiation.The "ozone layer"”, about 6 to 30 miles above the surface of the
planet, decreases the amount of harmful UV radiation entering the surface of the Earth.
Tropospheric or ground-level ozone- what we breathe- is formed primarily from photochemical
reactions between two major classes of air pollutants, volatile organic compounds (VOC) and
nitrogen oxides (NOx). Traditionally, these reactions were seen as relying on the presence of
heat and sunshine, resulting in higher concentrations of atmospheric ozone in summer months.
However, in the last decade, high concentrations of ozone were also observed in cold months
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under specific circumstances; where a few high elevated areas in Western America
have(Brundha and Saivignesh, 2019) formed ozone with high levels of local VOC and NOx
emissions when the snow is on the ground and temperatures are near or below freezing. Ozone
leads to what we usually perceive as "smog" or haze, which often happens most often throughout
the summer, but does occur in some Southern and Mountain regions throughout the
year(Brundha and Visha, 2019).

Ozone therapy

Our institution is passionate about high quality evidence based research and has excelled in
various fields ( (Pc, Marimuthu and Devadoss, 2018; Ramesh et al., 2018; Vijayashree
Priyadharsini, Smiline Girija and Paramasivam, 2018; Ezhilarasan, Apoorva and Ashok
Vardhan, 2019; Ramadurai et al., 2019; Sridharan et al., 2019; Vijayashree Priyadharsini, 2019;
Chandrasekar et al., 2020; Mathew et al., 2020; R et al., 2020; Samuel, 2021)

Ozone therapy is a common method in alternative medicine, using ozone gas to combat disease.
Ozone is anoxygenic in shape. Ozone therapy professionals use gas or liquid formulations of
ozone in alternative medicine for treating medical problems and as a topical disinfectant(Jain et
al., 2013). Ozone therapy refers to the use of ozone gas in medical practice. Ozone gas is an
anoxygenic type. The colorless gas consists of three atoms of oxygen. A layer of ozone gas, in
the upper atmosphere, protects the earth from UV radiation from the sun.Nevertheless, ozone is
"a dangerous pollutant to the soil" at ground level(Yalavarthi, Nallaswamy and Jain, 2018).
Ozone gas is dangerous when a person inhales it, causing inflammation of the lungs and throat,
coughing and aggravating symptoms of asthma. High exposure can cause damage to the lungs,
which can be fatal. Nevertheless, some researchers suggest that, in medical conditions, ozone
may have therapeutic effects(Feng et al., 2020). One 2011 study, for example, states that ozone
therapy has the following uses: treating arthritis, fighting viral diseases such as HIV and SARS,
disinfecting wounds, activating the immune system, treating ischemic heart disease, macular
degeneration, cancer.

Currently, researchers are studying the impact of ozone therapy on the human body to find any
possible therapeutic benefits. Until now, however, no work has been conducted on the true
efficacy and health of ozone therapy. For that reason, its use is not currently recognized by
official organizations. The new HealOzone X4 is a radically different approach for quick and
effective disinfection in the oral cavity. They have been used as virucidal treatment, bactericidal
treatment, fungicide. For certain dental applications, high dose ozone can be used. For certain
dental applications, high dose ozone can be used(McKenna, Borzabadi-Farahani and Lynch,
2013).

Healozone

HealOzone converts ambient oxygen into ozone oxide, which is an incredibly effective
disinfectant. This ozone gas is then channeled to the target surfaces of the teeth through a
handpiece(Babando, 2017). The revolution in the treatment of caries dependent on ozone is
going forward: in recent years, HealOzone paved the way for highly successful, pain-free caries
treatment and safe root canal care. This groundbreaking definition of treatment has now been
applied to new indications that they are precise, gentle and confident(Lynch, 2004).
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Healozone in treatment of dental caries and its various applications in dentistry: Mixed in water
or plant extracts, ozone allows dentists and patients to use a mouth rinse or agent that prevents
bacteria in the mouth, encourages healthy gum tissue and accelerates surgical healing.
HealOzone is an oxygen-producing system that adds ozone to the part of the tooth that is
damaged by decay. The ozone is working to kill the bacteria that cause the tooth to deteriorate.
Research has shown that 99 percent of oral bacteria can be destroyed by as little as ten seconds
of ozone therapy. Thanks to its undisputed power of disinfection over other antiseptics, ozone is
a very effective substitute and/or supplementary disinfectant to regular antiseptics.

Agueous ozone can be used according to Krammer, a German dentist: As a potent disinfectant;
to guard against bleeding, to cleanse bone and soft tissue wounds, to improve healing by
boosting local oxygen supply to the wound area, the temperature in the wound region should be
increased to improve the metabolic processes related to wound healing as ozonated water
should(Baysan and Lynch, 2006).

In cases of gingivitis, oral thrush or stomatitis, ozonated water may be used as a mouth rinse, as a
spray for cleaning the affected area, and as a water jet for treating painful gingivitis and
stomatitis. Diagnostics tool in testing vitality of pulp, prosthodontics and restorative coronary
dentistry disinfection, disinfection of cavities,(Vieira et al., 2020) dental disorders-caries, fistula
splits, root canal treatment, tooth whitening, hypersensitivity to the dentine, abscess, granuloma,
fistulae, aphthae, herpes infection, stomatitis like candidiasis. In surgeries like implantation,
replantation, extraction, cure of wounds, bleeding prolonged with coagulopathy, and in
orthodontics for temporomandibular joint dysfunctions, trism, relaxation, myo arthropathy.
While treating patients dentists are advised to wear personal protective
equipments(Ravichandran and Brundha, 2016)

Other applications

Product photo (Prozone) by W and H

Prozone is easy to use and safe to administer as the tissue-compatible dosages can be configured
according to the endodontitis and periodontitis indication areas. A hygienic technique is
maintained during the gassing of the pockets as the plastic attachments (Perio tips or Endo tips)
are exchangeable. The expense ranges from 5000 rs. to 10,000 rs(Murphy, Jin and Zehnder,
2020).

Ozotop

It is a lightweight tabletop device that is easy to use and has a free flow ozone delivery system
that uses corona discharge. It is a lightweight table top device that is easy to use and has a free
flow ozone delivery system that uses corona discharge. Ambient air that is filtered and dried
before passing over a ceramic plate is used in this method, later high voltage is applied which
finally produces ozone(Zanjani et al., 2015).

Customized thermoformed dental appliance

A hard-or medium-soft thermoformed dental appliance which extends 2-3 mm beyond the
affected gingival area and leaves a free space for gas circulation could be prepared for
application of ozone gas. 2 ports should be connected at distal and mesial of the treatment area,
respectively, for the gas inlet and exit.
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Irrigation with ozonated water
Given that ozone water is highly effective in Kkilling both Gram-positive and negative
microorganisms, areas affected during and after scaling may be irrigated with ozone water by
root planing and non-surgical pocket curettage. The bactericidal activity of ozone water against
bacteria is high in plaque biofilm.

Ozone Nanobubble water

Since the half-life of ozonated water is only about 20 min because of which it degrades back into
oxygen, its potency must therefore be guaranteed by using it within the first 5-10 minutes after
development(‘“Ozone Nano Bubble Water: A Magic Wand for the Treatment of Periodontal
Disease™”’, 2016).

In 2008 CHIBA and TAKAHASHI created ozone Nano bubble water (NBW3) to solve such a
problem. NBW3 is used as an adjunctive antiseptic in periodontal treatment due to its
bactericidal efficacy and usability.If secured against exposure to UV rays, NBW3 's oxidation
potential is maintained for more than 6 months as aqueous ozone. Because of its bactericidal
efficacy and usability, NBW3 is used as an adjunctive antiseptic in periodontal treatment.

In-office and home use of ozonated olive oil
A blunt 25-G needle or some other appropriate tip may be used to fill pockets with ozonated
olive oil, and repeat the procedure once a week(Piscopo and Poi, 2012).

Peri-implantitis

In peri-implantitis cases, the gaseous or aqueous form of ozone may be used. Cutting a matching
piece of PVC or silicone cap fully covers the abutment. There should be proper sealing of the
gingival borders around the implant. In this case, infiltrations of ozone gas may be used. The
irrigation is provided with ozonated water during debridement and curettage.On the treated areas
it may also be advisable to add ozonated oil 3-4 times daily(Wisdom et al., 2020).

Desensitization of sensitive root necks

Repeated ozone spray application for 60 secs followed by mineral wash on the exposed dentine
provides rapid and prompt relief from root sensitivity. Smear layer present over the exposed root
surfaces prevents the penetration of ionic calcium and fluorine deep into the dentinal tubules.

Working principle of Healozone

Antimicrobial action

Ozone kills bacteria, fungi, and viruses. The mechanism of action includes firstly, the damage to
the cytoplasmic membrane of cells as a result of ozonolysis of dual bonds and, secondly, the
modification of intracellular contents due to a secondary oxidizing effect resulting in the
oxidation of protein loss of organelle function. Because of the antioxidant ability of the human
body cells, the action remains non-specific and selective to the microbial cells. All vital functions
of bacteria (incapable of developing any autoimmunity) are stopped by the application of ozone
in a few seconds. Gram-positive bacteria are more susceptible to ozone action than Gram-
negative bacteria.

Immunostimulating effect
The proliferation and synthesis of immunoglobulins by immunocompetent cells are stimulated as
an influence of ozone on the cellular and humoral immune systems. The role of macrophages is

http://annalsofrscb.ro 1273


https://paperpile.com/c/hYzVfg/qsli
https://paperpile.com/c/hYzVfg/qsli
https://paperpile.com/c/hYzVfg/MH2D
https://paperpile.com/c/hYzVfg/1KJy
https://paperpile.com/c/hYzVfg/1KJy
https://paperpile.com/c/hYzVfg/1KJy
https://paperpile.com/c/hYzVfg/1KJy
https://paperpile.com/c/hYzVfg/1KJy

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 3, 2021, Pages. 1267 - 1281
Received 16 February 2021; Accepted 08 March 2021.

triggered as a result of which microorganisms are more responsive to phagocytosis. This further
contributes to cytokine development as a consequence of the activation of other immune cells.
Ozone synthesizes biologically active substances such as interleukins, prostaglandins, and
leukotrienes that help reduce inflammation and cure wounds(Jie et al., 2020).

Anti-hypoxic effect

Ozone leads to a change in cellular metabolism by elevating partial oxygen pressure in tissues
and improving oxygen transport in the blood. Some enzymes like dehydrogenase, superoxide
dismutases, glutathione peroxidases, and catalases are activated by repeated low doses of ozone.

Biosynthetic effect

Ozone induces protein synthesis pathway activation with increased concentrations of
mitochondria and ribosomes in cells resulting in increased cellular activity and ability for tissues
and organs to regenerate.

Pros and cons of ozone use

Ozone is used to secrete vasodilators (nitric oxide), which are responsible for the dilation of
arterioles and venules. Ozone intensifies the remineralization ability of mineralized tooth tissue
as it works on the organic material and often enables the diffusion of calcium and phosphorus
ions by opening the dentinal tubules to the deeper layers of carious cavities

Advantages:Fast, non-invasive, it reduces dental phobia with less time consumption.
Disadvantages: Ozone toxicity if the level increases, not readily available, to 0.0007 percent per
application.

Contraindications:Acute intoxication with alcohol, pregnancy, severe anemia, recent
myocardial infarction, hyperthyroidism, active bleeding and thrombocytopenia

Recent advances in dentistry

HealOzone is a fast, simple, and painless way to get rid of tooth decay. HealOzone is effective
because it contains ozone (O3), a rising natural gas that destroys bacteria and fungus effectively.
HealOzone is a perfect tool for identifying and getting rid of any early signs of tooth decay
before it progresses further.

Healozone treatment is more in contrast to the current traditional therapeutic modalities as it is a
minimally invasive and conservative approach, very inexpensive, painless therapy which
increases patient's acceptance and compliance with minimal adverse effects. Nevertheless,
further work is still needed to support daily ozone uses in dentistry. The main aim of our study is
to know the use of healozone in curing dental caries, various other applications and their
mechanism of action. Many studie has to be carried out to analyse whether ozone therapy can be
used in other fields to treat nerve injury and tumours and cystic lesions(Shenoy and Brundha,
2016)

CONCLUSION

Earlier people used to tremble at the thought of going to a dentist for the sake of their tooth’s
health and in case the situation hadn't gotten worse into a dental cavity, it had turned into a
nightmare for the patients. But with the introduction of the new and unique method of treating
dental caries with the use of ozone has put such traumatizing thoughts of dental visits to rest.
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Healozone is one such ozone therapy in dentistry that does not cause any pain or restlessness
during the treatment of dental caries. It's not just painless, it's inexpensive too. Hence an ideal
option to the patients when compared to the unbearably painful drilling of the affected tooth.
Because of Healozone being such a perfect option comparatively it is practiced widely among
many established dentists to provide a better treatment experience for the patients.
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