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abstract

Received:

Ozone, or trioxygen, is an allotrope of oxygen occurring in the Earth’s stratosphere.
Because of unique properties, this pale blue gas is applied in many sectors of medicine and
industry. Trioxygen is used as a powerful oxidant in chemical reactions, for production of
ozonized oils and water, and in various branches of medicine. Medicinal applications of
ozone, which began in XX century, are particularly interesting because they result from
the anti-microbial activity of ozone. Currently, ozone is used mainly in surgery, dentistry
and orthopedics.
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Introduction
Ozone has been increasingly used in medicine due to its
disinfecting properties, enabling, among others, sterilization of
equipment before surgery. Another promising application is an
ozone therapy, which became a conventional method of treatment
in many countries as it is safe for patients [1-4]. Very strong antimicrobial properties of ozone cause that it helps in antibiotic
therapies, treatment of wounds and ulcers, and after surgeries. The
main drawback of ozone is its limited stability in the mixture with
air. To solve this problem and extend the half-life of this compound,
it is used in the form of either ozone-oxygen mixture or ozonized
water in dentistry and other fields of medicine, e.g. dermatology,
orthopedics, traumatology and surgery. Another solution is based
on the use of ozonized oils. The ozonation of water and oils is
conducted using the same method, it means by passing the gaseous
ozone through the liquid. Noteworthy, the ozone’s half-life in oils is
many times longer comparing to its solutions in water. Therefore,
physicians prefer to use the ozonized oils [1,5-6].

Discussion

In dentistry, specialized ozone generators are used to apply
ozone directly to the desired site. In periodontology, gingivitis,
periodontitis, oral candidiasis, aphthae, and herpes are treated
using the trioxygen. In conservative dentistry, the anti-microbial
properties of ozone enable to treat caries and tooth pulp infections.
In dental implantology, ozone is used to treat infections and
poorly healing wounds [1,7]. The effect of disinfectants, such
as gaseous ozone and ozonated water, was compared in in

vitro studies, involving such microorganisms as: Enterococcus
faecalis, Peptostreptococcus micros, Pseudomonas aeruginosa, and
Candida albicans, which reflect the infection of the dental root.
The microorganisms were used in the form of either biofilms or
suspensions [8]. In the case of cell suspensions, the ozonized water
containing up to 5μgO3/ml caused the significant reduction in the
count of microbial cells, while the gaseous ozone was not effective
as it did not reduce the count. In the case of microbial biofilms, the
potency of ozone either in the gaseous form or dissolved in water
depended on its concentration, microbial species, and the time of
exposure.

The significant reduction of the number of microbial cells was
observed after 1 min treatment at the high concentration of gaseous
ozone. Also ozonized water containing 20µgO3/ml reduced the
number of microbial cells nearly to zero [1,9]. The literature reports
describing the use of ozone therapy in surgery, for the treatment
of wound infections and ulcers, are scarce [1]. This is surprising
because the first report about the positive, anti-microbial effect of
ozone, which was used to prevent complications resulting from the
open bone fractures during the war, was published in 1916 by Major
Stoker [10]. An increasing number of medical reports provides
evidence of the positive effects of ozone therapy in the treatment
and prevention of postoperative complications in orthopedics and
traumatology of motor organs.
They are associated with the treatment of chronic, long-term
non-healing wounds, soft tissue ulcerations, bone infections of
various etiologies, fistulas, complex diseases, which include, among
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others, diabetic foot syndrome or trophic foot ulcers, ischemic
post-traumatic states with soft tissue injuries. In addition, the use
of ozone proves to be very effective in the prevention of nosocomial
infections after reconstructive orthopedic surgery, soft tissue and
skin defects (significantly facilitates the preparation of the graft
base) or treatment of infected post-traumatic wounds, especially
in the case of open fractures. Peritonitis and purulent pelvic
inflammations have also been treated with ozone therapy. Ozonized
liquids, such as water or oil, are already used externally and their
effectiveness is very high. These formulations are particularly wellsuited for the treatment of leg ulcers related to post-thrombotic
syndromes. Not only wound healing is much faster when supported
by the ozone therapy, but also purulent exudates from wounds are
reduced, which significantly increases the comfort of the patient
[1,6,11-18]. Research conducted by Białoszewski and others [12]
demonstrated the effectiveness of ozone therapy as a method of
combined treatment in patients after trauma and musculoskeletal
disorders. The combined therapy is based on the traditional
treatment supported by ozone therapy. Due to the increasingly
popular antibiotic therapy and rapidly increasing drug resistance
of microorganisms, it is necessary to find new methods enabling
inactivation of microbes. Ozone, in appropriate concentrations,
becomes the answer to the problem of bacterial resistance. So far,
the vast majority of microorganisms do not show ozone resistance.
The results of research carried out by Białoszewski and others
are very promising as the ozone therapy significantly reduced
the time of hospitalization, the use of antibiotics, and the number
of purulent complications. According to physicians, the use of
drainage with ozone guarantees more effective inactivation of
microorganisms comparing to commercially available antibiotics,
is much cheaper and should be used as a conventional treatment
method. Noteworthy, even in the case of secondary bone infections,
the combined treatment including the ozone therapy brings about
satisfactory results [12]. In dermatology and aesthetic medicine,
ozone is a perfect tool against skin eczema, acne, lichen or cutaneous
mycosis. Skin after burn also regenerates much faster when treated
with preparations containing ozone [6,19-20].
Studies on application of ozone therapy against vaginal mucosal
infections in gynecology have been scarce despite few deaths
caused by, among others, the toxic shock syndrome (TSS) resulting
from the inappropriate use of tampons by women. Besides, many
women suffer from the fungal, viral, and bacterial infections
caused by such pathogens as Neisseria gonorrhoeae, Trichomonas
vaginalis, Candida albicans, Chlamidia trachomatis, and Herpes
virus type-II (HV-II), HIV and HPV. These microorganisms, among
others, increase the risk of cervical cancer, which is becoming an
often-encountered cancer among women. Unfortunately, a typical
treatment, which includes antibiotic therapy, is expensive, has
many side effects, and what’s more, does not cause the desired
effects when the microbial strain develops resistance to a given
medicine. The use of ozone therapy in the treatment is still at the
stage of research. Ozone therapy proved to be excellent in the
case of elimination of recurring infections caused by the HV-II
virus. The overnight application of either ozonized water or oils
caused the desired effects in combating vaginal infections while
the prolonged use enabled to eliminate all gynecological problems
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because of elimination of the pathogenic microflora from the
reproductive system. In addition, none of the above-mentioned
pathogenic microorganisms showed the ozone resistance. Also the
creams containing ozone oils can bring about the desired effects in
combating intimate infections, accelerate micro-circulation, reduce
swelling, minimize pruritus and bring relief when used 3-4 times a
day [6,21-23].

Conclusion

Despite many concerns about possible undesired carcinogenic or
toxic effect of ozone therapy, the literature reports provide evidence
that treatments carried out at appropriate ozone concentrations
and appropriate exposure time, have positive therapeutic effects
and support other therapies. Furthermore, microbes do not show
any resistance to ozone [5]. Its greatest advantages include, first of
all, the wide spectrum of antimicrobial activity as it kills bacteria,
fungi and viruses. In addition, it improves the tissue oxygenation
by stimulating the metabolism of erythrocytes, increasing oxygen
transport by hemoglobin, improving the transmembrane oxygen
flow, and reducing platelet aggregation. This in turn activates
the immune system of organism, which enhances the immunity,
both general and local, and helps to achieve the oxidative balance
[1,5,12,19].
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