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(RO cre e

Abstract

Considering the great interest of many professionals in the foundation that
guides the effective use of ozone therapy in the treatment of aesthetic disord-
ers, this study aims to define the physiological and practical aspects of using
the oxygen-ozone mixture to solve aesthetic problems. Exploratory research
was carried out, presented in a narrative review, to highlight the action of
ozone therapy in the treatment of aesthetic affections. The review explored
scientific articles, books, theses, and dissertations published and available in
the following databases: MEDLINE (Medical Literature Analysis and Retriev-
al System Online), PubMed (National Library of Medicine), SCIELO (Scien-
tific Electronic Library Online), and LILACS (Latin Literature American and
the Caribbean in Health Sciences). In addition, elements that characterize the
authors’ clinical experience on ozone therapy in various aesthetic treatment
protocols were added. We found several reports in the literature that justify
the use of ozone and its different therapeutic modalities in various aesthetic
affections, mainly in the treatment of localized fat, cellulite, rejuvenation, skin
tissue repair, acne, dyschromia, and others. Through its various therapeutic
modalities, we conclude that ozone therapy has added a lot to aesthetic pro-
cedures, mainly for its effective supporting action or as the main agent of criti-
cal physiological changes to enhance clinical results when treating aesthetic
conditions.
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1. Introduction

According to Rubin [1], on March 13, 1839, Christian Schonbein drew attention
to the fact that the electrolysis of water causes a characteristic odour developed
in the region of the positive electrode of the polarized current. This odor had, of
course existed since the occurrence of lightning in the presence of an oxygen
atmosphere on Earth, and this was known as the “odour of electricity” Schénbein
proposed the name ozone for the new substance since the word ozone comes from
the Greek script for odour, ozein [1].

In 1848, Hunt researched the oxidizing properties of ozone and defined that
its molecular structure was formed by a triatomic triangle of oxygen, an allo-
tropic form of O,. In 1950, two German doctors, Joachim Hinsler and Hans
Wolff, manufactured the first medical ozone generator, with which it was possi-
ble to dose and graduate the concentrations of the oxygen-ozone mixture [2] [3].

Ozone therapy has been used and extensively studied for many decades; its
therapeutic action is proven, consistent and with minimal side effects, as ozone
is considered a biomolecule, as it is naturally produced by activated neutrophils
when they participate in the body’s defence [4] [5] [6].

Its effectiveness in promoting health in general is notorious throughout the
world. However, besides promoting health, the use of ozone therapy in the treat-
ment of aesthetic dysfunctions is already a reality, with good clinical results,
since the beginning of the 2000s, mainly in Russia [7] [8] [9] [10].

Currently, we find support in the literature for the use of the oxygen-ozone
mixture for the treatment of various aesthetic dysfunctions, such as localized fat,
cellulite, wrinkles and flaccidity, acne, hyperchromia, stretch marks, telangiecta-
sias etc. [11] [12] [13] [14] [15].

The main routes of administration used for the treatment of aesthetic affec-
tions are transcutaneous, such as bags, compresses, cups, ozonized oil, ozonized
water, and invasive ones, such as rectal insufflation, and gas injection, intrader-
mal and subcutaneously [16] [17] [18] [19] [20].

Given the great interest of many professionals in the foundation that guides
the effective use of ozone therapy in the treatment of aesthetic disorders, this
study aims to describe, through a literature review, the physiological and prac-

tical aspects of using the oxygen-ozone mixture to treat aesthetic problems.

2. Materials and Methods

This study is characterized by exploratory research, presented through a narra-
tive review, to highlight the action of ozone therapy in the treatment of aesthetic
affections. The review explored scientific articles, books, theses, and dissertations
published and available in the following databases: MEDLINE (Medical Litera-
ture Analysis and Retrieval System Online), PubMed (National Library of Medi-
cine), SCIELO (Scientific Electronic Library Online), and LILACS (Literature of
Latin America and the Caribbean on Health Sciences).

As inclusion criteria, sources were selected that mentioned the aesthetic con-
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dition or described the physiology of ozone therapy related to the treated condi-
tion. Sources that did not present the abstract, were not allocated to scientific
journals, and did not address the study topic, as well as those that did not sup-
port reliable data collection and those that did not support reliable data collec-
tion were discarded.

The bibliographic survey was carried out using Portuguese, English, Spanish,
and Russian/Ukrainian languages, with the following descriptors: ozone, ozone
therapy, aesthetic affections, cellulite, localized fat, stretch marks, wrinkles, and

acne.

3. Result and Discussion

The search in the databases revealed 31 studies related to ozone therapy as an
effective resource for the treatment of aesthetic disorders, published in the pe-
riod between 2004 and 2021. Next, we will describe the physiological aspects that
guide the action of ozone directly or indirectly for the treatment of various aes-
thetic conditions and the treatment protocols described in the literature and

commonly found in the Brazilian aesthetics market.

4. Ozone Physiology Applied to Aesthetic Dysfunctions

We start by describing some important physiological aspects that are directly
linked to the action of ozone in various aesthetic conditions to understand its

mechanism of action and how we can use it in the treatment.

4.1. Circulatory Stimulus and Increased Tissue Oxygenation

Several aesthetic affections need a circulatory increment for their recovery, such
as cellulitis, surgical dehiscence, suture stitch ruptures, necrotic areas, etc. There-
fore, the use of systemically or locally applied ozone can be a powerful ally in the
treatment of these clinical situations.

The use of therapeutic ozone can increase the production of nitric oxide (NO),
thus increasing the local microcirculation, and this can generate beneficial effects
in chronic degenerative diseases, especially chronic vascular diseases. Moreover,
although NO has a half-life of less than 1 second when bound to proteins, it can
exert vasodilation at distant ischemic vascular sites, producing relevant therapeu-
tic effects [4]. In auto-haemotherapy, for example, endothelial cells can be acti-
vated by albumin-LOP and by plasma S-nitrosothiols and S-nitrosohemoglobin
(precursors of NO), thus increasing the production of nitric oxide. Furthermore,
in addition to improving blood circulation, there is also greater delivery of oxy-
gen to tissues through increased levels of 2,3-Diphosphoglycerate (DPG) (com-
bined effect of NO and Carbon Monoxide), thus decreasing the affinity of hae-
moglobin for oxygen, which leads to an increase in the amount of oxygen re-
leased to the tissues. Thus, the amount of oxygen that goes to the cell is increased,
which can reduce the hypoxic zones, an effect especially indicated for cases of

cellulitis, postoperative tissue necrosis, etc. [4] [20] [21] [22].
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4.2. Anti-Inflammatory

Inflammatory processes can be present in several affections in the aesthetic area,
and the use of ozone on inflamed tissues is one of the most outstanding actions
of this therapeutic resource in aesthetics.

The use of ozone can reduce the production of pro-inflammatory cytokines
such as Interleukin-2 (IL-2), Interleukin-4 (IL-4), Interferon-Gamma (IFN-y),
Tumour Necrosis Factor-Alpha (TNF)-a), Interleukin 17a (IL-17a), Transform-
ing Growth Factor-g (TGF-p), Interleukin-14 (IL-1p), and Interleukin-6 (IL-6)
which are increased in inflammatory processes, including chronic ones, and by
decreasing these pro-inflammatory mediators, it can also reduce inflammatory
pain [23] [24] [25].

According to some authors, other biochemical actions of ozone in fighting in-
flammation are: increase in high-density lipoprotein (it has an anti-inflammatory
action); and reduce some inflammatory compounds, such as C-reactive protein,
total cholesterol, low-density lipoprotein, triglycerides, and homocysteine [14].

Ozone can also oxidize compounds with double carbon bonds, such as ara-
chidonic acid and its derivatives (prostaglandins and leukotrienes), which are
biologically active substances that participate in the maintenance of inflamma-
tory processes [26].

There is also another essential transcription factor associated with the inflam-
matory process, the Nuclear Factor Kappa-B (NF-«B), which is a protein com-
plex that activates several cellular responses and is stimulated by some cytokines
(IL-1 and TNF-a) and by Reactive Oxygen Species (ROS), associated with oxida-
tive stress [27].

However, one of the most emphasized actions in the literature on the anti-
inflammatory action of ozone is based on its effect on the Erythroid Nuclear
Factor 2 Related to Factor 2 (Nrf2), which is a powerful protein located inside
each cell of the body (Linked to Keap-1) protein. When activated, induces the
synthesis of antioxidant enzymes, such as Superoxide Dismutase (SOD), Cata-
lase (CAT), and Heme Oxygenase 1 (HO1), among others [28]. The primary func-
tion of Nrf2 is to respond to oxidative stress by activating antioxidant genes [29].
It is the key regulator of the body’s antioxidant response [30].

The use of ozone is capable of stimulating Nrf2, generating a great antioxidant
effect. With this, it is possible to obtain the inhibition of NF-«B, consequently, a
decrease in the inflammatory process. Nrf2 can modulate inflammation through
the suppression of pro-inflammatory genes directly or through the inhibition of
NEF-«B [31] [32] [33].

The systemic treatment with ozone increased Nrf2 levels in peripheral blood
mononuclear cells, with consequent improved activity of superoxide dismutase
and catalase. Systemic ozone in rats activated Nrf2 and inhibited the NF«B
pathway; thus, it was able to activate antioxidant enzymes and decreased in-
flammatory cytokines in animal kidneys, decreasing renal failure and tubuloin-

terstitial damage [34].
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Rectal insufflation with ozone in patients with Multiple Sclerosis increased
Nrf2 expression in mononuclear cells, improving antioxidant enzymes’ activity,
and reducing pro-inflammatory cytokines’ levels [35].

The protective effect of ozone therapy in severe SARS-CoV-2 infection was
achieved through its anti-inflammatory property through the increased antioxi-
dant activity of Nrf2 [31].

In the aesthetic clinic, we are faced with several situations that require an-
ti-inflammatory action, such as cellulite, skin aging, acne, postoperative period,
rosacea, dermatitis, bruises, psoriasis, etc.. In these cases, ozone therapy will play
a significant role in remission or control of these affections through a potent an-
ti-inflammatory effect.

4.3. Antibacterial

Unsaturated lipids are the main components of the cytoplasmic membrane pre-
sent in bacteria. Ozone attacks the olefinic bonds (hydrocarbons) of the mem-
branes, thus destroying the cell’s functional capacity, which may even be suffi-
cient to cause its death. Therefore, the bacterial membrane is the first site of
ozone attack, and the death of bacteria occurs mainly with the rupture of the
bacterial cell membrane [6] [25] [35].

Authors also reported that, during the ozone action, the phospholipids and
lipoproteins of the bacterial cell membrane are oxidized. This disrupts the inte-
grity of the cytoplasmic membrane, causing ozone to infiltrate into the microor-
ganisms and oxidize glycoproteins and glycolipids, blocking their enzymatic func-
tion [4] [36].

Microorganisms susceptible to ozone include aerobic and anaerobic ones, such
as Campylobacter, Clostridium, E. coli, Klebsiella, Mycobacterium, Pseudomo-
nas, Salmonella, Staphylococcus, and Streptococcus. Authors found that ozone
reduced the count of pseudomonas aeruginosa (a bacteria very resistant to anti-
biotics due to its double bacterial membrane) from 100,000/CFU to 350/CFU
[37] [38].

Many people question whether ozone would also not be able to damage the
body’s cell membrane when attacking the lipid structure of the bacteria’s mem-
brane. The answer is no because according to some authors, ozone is safe for
human cells because its germicidal action is based on transient oxidative stress
(produced by ozone), lethal to microorganisms, as they have poor antioxidant
defences. Some microorganisms lack some antioxidant enzymes (catalase and
glutathione peroxidase)—present in human cells—These enzymes would be able
to neutralize the oxidative action of ozone, which does not occur with bacteria
[39] [40].

The antibacterial actions of ozone in aesthetics occur mainly in the treatment
of acne and open wounds, especially ulcerations, and those associated with the
postoperative period of plastic surgery, such as surgical dehiscence, scarring ne-

crosis, infection in the suture points, etc.
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4.4. Reduction of Oxidative Stress

Oxidative Stress is characterized by the accumulation of reactive oxygen species
(ROS), generated as by-products of physiological or exogenous stress factors
(such as ionization by radiation) [33].

Reactive Oxygen Species (ROS) and Nitrogen Species (RNS) (constantly pro-
duced in aerobic organisms) are by-products of normal oxygen metabolism and
include free radicals such as superoxide anion (O*"), hydroxyl radical (OH), sing-
let oxygen, and hydrogen peroxide (H,O,) [41].

In small concentrations, ROS serves as cell signalling, contributing to impor-
tant cell functions, such as cell proliferation, differentiation, and survival. High
concentrations can lead to cell death by damaging cellular macromolecules such
as DNA, proteins, and lipids. Cells have an antioxidant defence system; however,
the excessive production of ROS can lead to cellular redox imbalance (imbalance
between the action of ROS and cellular antioxidant capacity). Thus, the in-
creased generation of ROS and/or dysfunction of the antioxidant system can
lead to the condition of oxidative stress [42].

The therapeutic effectiveness of ozone therapy is due to the generation of
controlled and moderate oxidative stress produced by the reactions of ozone
with various biological components. Therefore, the effectiveness or toxicity of
ozone may depend on the strength of the oxidative stress. Severe oxidative stress
activates NF«B, resulting in an inflammatory response and tissue damage due to
the production of several substances (Cyclooxygenase-2, Prostaglandin-2, and
cytokines). In contrast, moderate oxidative stress activates another nuclear tran-
scription factor, Nrf2, which induces a beneficial antioxidant response to the
body [43].

We recommend maintaining the redox balance, as according to some authors
[29] [43], increased oxidative stress can generate important biological responses,
including repercussions in clinical aesthetics. Here are some of them:

1) Oxidative stress directly modulates the differentiation of adipose cells (3T3L1
pre-adipocytes), which may increase adipogenesis of insulin-resistant adipocytes,
and consequently generate overweight (obesity).

2) Fighting the effects of oxidative stress, the antioxidant NQOI prevented
and decreased the mass of abdominal adipose tissue (in rats).

3) Increased oxidative stress is associated with aging, both functional and aes-
thetic.

4) There may be inflammation (modulated by NFkB) leading to tissue dam-
age.

Based on the above, we identified that ozone, with its natural oxidizing capac-
ity, can generate mild or moderate oxidative stress. This causes the body to re-
spond by increasing the action of Nrf2, and thus, generate some beneficial ef-
fects, such as Increased levels of direct antioxidants, such as reduced glutathione
(GSH), carbon monoxide, and bilirubin; increased levels of enzymes that detox-

ify oxidants, such as catalase (CAT), superoxide dismutase (SOD), glutathione
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peroxidase (GPx), glutathione transferase (GSTr), NADPH-quinone oxidoreduc-
tase (NQO1), heme oxygenase-1 (HO-1) end-shock protein 70 (HSP70), etc.; in-
hibition of cytokine-mediated inflammation through induction of leukotriene
B4 reductase; recognition, repair and removal of damaged proteins; and protec-
tion against oxidative stress-induced apoptosis [43].

Also, in this context, Nrf2 can modulate inflammation through the mainten-
ance of redox homeostasis and results in a protection against neurodegenerative
diseases, such as Alzheimer’s and Parkinson’s diseases (reversal of chronic oxid-
ative stress) [33] [43].

Oxidative stress has been associated with the incidence of various aesthetic
conditions, mainly localized fat (cellulite, dyschromia), dermo-epidermal aging,
acne, etc. Therefore, we understand that increased oxidative stress is one of the
major factors responsible for the cause and maintenance of several aesthetic
dysfunctions. Thus, we see ozone therapy as a great ally for treatment [33] [44]-
[49].

4.5. Healing

One of the main actions of ozone therapy is the enhancement of tissue wound
repair. In the clinical evidence map, we found 13 reliable studies that prove the
effectiveness of ozone therapy for complete wound closure [50].

Several physiological actions justify the potent action of ozone in tissue repair.
As previously reported, ozone is capable of causing mild or moderate oxidative
stress. For that, it relies on the generation of reactive oxygen species (ROS) [51],
and according to some authors, ROS participates in the tissue repair process as
follows: 1) Recruit lymphocytes to the wound site, to act in effective tissue re-
pair; 2) Regulate blood vessel formation (angiogenesis) and optimal blood perfu-
sion in the healing area; 3) Increase immunity through phagocytes that induce
bacterial damage; 4) Produces bactericidal and bacteriostatic effect [52].

In general, ozone therapy can provide several benefits to accelerate tissue re-
pair in various healing processes, including the release of growth factors such as
fibroblasts, platelet derivatives, f transformer and vascular endothelial; bacteri-
cidal action; anti-inflammatory action; increased granulation tissue and re-epi-
thelialization; greater vascularization; reduction of local pain; decreased edema;
stimulation of tissue contraction and reduction in the extension and depth of
wounds [52]-[57].

The effectiveness of ozone in skin wounds in rats (after 7 and 14 days) re-
sulted in an increase in myofibroblastic differentiation and microvessel density,
an increase in the amount of fibroblast growth factor-2 (FGF2) in the epidermis
and dermis, granulation tissue with fewer inflammatory cells and more fibrob-
lasts and endothelial cells, and finally, more significant deposition of Type 1 col-
lagen [58].

Cell cultures showed that ozone-induced fibroblast migration, indicating that
it may aid wound healing [59]. Authors found that hydrogen peroxide (H,O,)
can potently induce the expression of vascular endothelial growth factor (VEGF)
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in human keratinocytes, stimulating wound healing [60].

Ozonized oil has become an effective tool to enhance tissue repair in various
therapeutic situations, and it can be used with a procedure with gaseous ozone,
or it can be used alone. However, there is still some divergence in the literature
regarding the indication and/or effect of ozonized oils according to their perox-
ide index. For some authors [61], low (below 1000 mEq) and higher (above 3000
mEq) peroxide indices delayed cutaneous wound healing; Travagli et al [62]
recommended a “medium” concentration (about 1500 mEq) for a more benefi-
cial effect in accelerating wound closure. Other authors [63] found that higher
levels of peroxide (1800 mEq, compared to 600 mEq) provided greater re-epi-
thelialization of wounds in rats. However, when comparing ozonized and non-
ozonized aloe vera oil with gentamicin ointment, regarding the increase of the
number of fibroblasts and collagen thickness after the tissue repair process, it
was found that ozonized aloe vera oil generated a more significant increase in
the number of fibroblasts and collagen thickness. It also increased wound clo-
sure speed but did not find significant differences between the peroxide indices
of the oils tested (600, 1200, and 1800 mEq) for the enhancement of tissue repair
[64].

In our understanding, both gaseous ozone (injection and bags) and ozonized
oil are excellent resources for increasing tissue repair processes, and this makes
ozone therapy a powerful weapon to minimize complications and delay in tissue
repair after surgery plastic, such as surgical dehiscence, tissue necrosis, suture
stitch infections, etc., as well as wounds and skin lesions arising from various

aesthetic procedures, such as cryolipolysis, peelings, epilatory lasers, etc.

4.6. Lipolytic

The interaction of ozone with fat tissue is well described in the literature, and
therefore, we can expect good results in the treatment of aesthetic lipodystrophy.

One of the main effects attributed to ozone act on adipose tissue is lipid pe-
roxidation, which is characterized by the oxidative degradation of lipids due to
the high reactivity or oxidizing power of ozone [4] [43] [65].

Ozone can break down lipids into various derivatives, such as lipoperoxides,
hydroperoxides, and low molecular weight lipid oxidation products (LOPs).
Thus, ozone can interact with the carbon double bonds of polyunsaturated fatty
acids in the lipid bilayer of cell membranes, dividing them (Ozolysis). This re-
duces their chains from long to short, making them hydrophilic; thus, these lipid
chains are fragmented (phospholipids and lipoproteins) through oxidation, and
this can damage cell walls that are made up of phospholipids and lipoproteins
[11] [15] [66].

According to some authors, lipid peroxidation produces oxidative modifica-
tions that cause changes in the physicochemical properties of cell membranes,
such as increased membrane permeability and changes in fluidity generate “ex-
pulsion” of intracellular fluid, with risk of rupture of cell membranes (oxidation

of phospholipids and lipoproteins), and lysis of organelles, with consequent
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adipocyte cell death [66] [67].

Adipocytes were exposed to ozone for 2 h, 24 h, and 48 h, with concentrations
of 10 pg, 20 pg, and 100 ug. The authors found that at a concentration of 20 ug,
after 24 h, small lipid droplets were sprouting from the surface of the adipocyte,
and 48 h later, they identified adipocytes with slight depressions, wrinkled, and
many lipid droplets sprouting. At the concentration of 100 pg, adipocytes suf-
fered evident necrosis, with accentuated lipid loss and barely recognizable orga-
nelles. The authors did not verify the incidence of apoptosis [68].

In one of our experiments, we injected the oxygen-ozone gas mixture (5 ml at
each point, with a concentration of 15 pg) directly into the subcutaneous adipose
tissue. After immunohistochemical analysis (analysis of the expression of the
CD68 marker—macrophages), we identified the presence of macrophages in the
treated tissue (Figure 1) which, according to some authors [69] has been asso-
ciated to degeneration of different tissues, including the hypodermic adipose
tissue. Therefore, the accumulation of macrophages in the adipose tissue can be
considered the main justification for the death of adipocytes. Thus, our findings
corroborate the reports of some authors [66] [67], who describe the use of ozone
as an efficient mechanism of damage to the adipocyte membrane, which can lead
to cell death due to post-application lipid peroxidation of local ozone.

In addition, we also identified the occurrence of localized lipolysis with the
use of ozone in the treated fat tissue (Figure 1). Although the effect of lipolysis
through ozone therapy is not yet well described in the literature [70], it men-
tioned the effect of lipolysis with ozone in the treatment of a lipoma. There is no
doubt that ozone acts efficiently as a lipolytic agent. Once ozone dissolves in in-
terstitial water, lipids are the preferred substrate of action and are broken down
into a series of derivatives arising from lipid peroxidation, which could justify
the effect of local lipolysis [13]. The ozone activates the circulation in all tissues,
promoting the release of oxygen to them, thus providing several effects, and
among them, the induction of lipolysis [11].

The graph on lipolysis shows the increase in this process in the area treated
with ozone therapy. The second graph demonstrates the presence of CD68+ ma-
crophage markers on the treated side, which likely demonstrates adipose cell ly-
sis and the phagocytosis process.

We understand that ozone, especially when injected locally in the subcutane-
ous fat tissue, can oxidize the lipid components of the cell membrane, leading to
adipocyte death and consequent reduction of unsightly localized fat also enhanced

by the stimulation of local lipolysis.

5. Ozonetherapy and Its Applicability in Aesthetic
Dysfunctions

Currently, we have identified several aesthetic affections with great potential for
total or partial resolution with the use of ozone therapy. We will describe below
some forms of treatment for some conditions, highlighting some protocols used

in dosimetry and techniques for local, systemic, or associated application.
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Figure 1. Effects on adipose cells after application of ozone therapy. (A) Fat cells before treatment; (B) Identification of lipolysis in

treated adipose tissue; (C) Absence of macrophages (D) Marked presence of macrophages (CD68 marker) in the fatty tissue

treated with ozone therapy. (Source: Authors).

5.1. Cellulite

Currently, cellulitis is perhaps one of the most described affections in the litera-
ture with indication for treatment with ozone therapy.

The general clinical picture of cellulite is closely associated with the therapeu-
tic actions of ozone. The adipose tissue affected by cellulite has a high degree of
oxidative stress [49]; In addition, authors have reported that there is also a cor-
relation between Reactive Oxygen Species (ROS), oxidative stress, and fibrotic
processes in cellulite skin, including increasing stimulation of fibroblasts [48]
[49]. The “excess” of subcutaneous fat (subdermal cellulite) is also common, es-
pecially in more advanced degrees of cellulite; there may also be a stagnation of
the microcirculation (paniculosis), which increases the passage of albumin, fi-
brinogen, and immunoglobulins through the vessels, giving rise to and/or ag-
gravating the cellulitic condition [14] [49].

Based on the above, we will describe below some justifications for the use of
ozone to treat cellulite.

Ozone therapy can activate Nrf2 (Master regulator of the body’s antioxidant
response), decreasing local or systemic oxidative stress, thus providing a delay-
ing or remitting effect of the condition [33]. In addition, ozone can exert an an-
ti-inflammatory action, reducing the production of pro-inflammatory cytokines,
immunoglobulins, and inflammatory mediators that are often associated with
cellulite [71] [72]. Regarding cellulite, through lipid oxidation in the double
carbon bonds of fatty acids (Polyunsaturated) of the adipocyte membrane, ozone
can cause damage to the cell walls of adipocytes, causing lysis and, therefore, re-

ducing the subcutaneous fat tissue (cellulite) [11] [15] [66]. The lipolysis effect

DOI: 10.4236/jbm.2021.912005

49 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2021.912005

F. dos Santos Borges et al.

can enhance this decrease, as verified in our experiments.

In addition to these effects, the use of ozone can also activate microcirculation
[4] and is capable of eliminating stagnant interstitial fluids (chronic cellulitic
edema) due to its hydrophobic effect [15]. Finally, the application of ozone in
the subdermal fatty tissue can increase the elasticity and tone of the skin, as well
as reduce sagging. This is important in cases of flaccid cellulite treatment, where
there is an impairment of the skin tone [47].

In Table 1, we describe the protocols commonly suggested by some authors to
use ozone therapy for the treatment of cellulite. Despite these reports, in our
clinical practice, we use concentrations that can reach 10 pg/ml (depending on
the pain reported by the clients) (Figure 2), and we usually associate local ozone
injection with rectal insufflation (Figure 3). In cases of flaccid cellulite, we also
use gluteal macro-vents (Pump-up) with the addition of ozone inside (Figure 4).
Electro thermotherapeutic resources can also be associated with radiofrequency,
tecartherapy, shock waves, ultrasound, carboxytherapy, vacuum therapy, and oth-
ers. Remember that the sequence of use of these resources must comply with bi-
ophysical criteria and common sense. We did not find any mention in the lite-
rature about the association of electro thermotherapy resources with ozone to
treat cellulite. The use of ozonized or non-ozonized cosmetics at home can also

be a good adjuvant to enhance cellulite treatment results.

5.2. Localized Fat

Some justifications allow the use of ozone to treat localized fat. As previously
described in the treatment of cellulitic subcutaneous fat, ozone will act in the
same way in the deeper fat (subcutaneous fat reserve) because due to its reactiv-
ity, ozone will trigger lipid peroxidation causing cell lysis of adipocytes [43] [66]
[67], in addition to stimulating lipolysis in the fat tissue [11] [13] [70].

Table 1. Published protocols for the treatment of ozone therapy in cellulite.

O3 volume by Total gas volume

Concentration K R Frequency Associations Source

points per session

. Galoforo et al,
-1to 5 pg/ml 3to5ml 200 ml 2 times/week -
2002 [15]
5 ug/ml 10 ml for an 1to2 Sirito, 2006 [12]
- m -- -- irito,
HE area of 5cm times/week

-2to 4 ug/ml
- Hard cellulite: 2 pg/ml . Massage with ozonized .

1to2ml 100 ml 1 time/week Bocci, 2010 [13]

- Flaccid Cellulite: 1.5 to 2.6 pg/ml;
- Edematous Cellulite: 3 to 4 pg/ml.

-1to5ug

- Light: 1.5 to 2.5 pg/ml;
- Moderate: 2 to 3 pg/ml;
- Strong: 4 to 5 ug/ml

oil

-Rectal insufflation:

10 to 20 pg/ml;
2t03 1 to 2 times/week Cuccio & Franzini,
times/week - Manual lymphatic =~ 2016 [14]

drainage with ozonized

5to7 ml 200 ml

oil; 1 to 2 times/week
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Before

Figure 2. Results of cellulite treatment with ozone therapy using concentration: 10 ug,
injection of 5 ml in each point, twice a week, and a total of 12 treatment sessions.
(Kindly provided by Joara Defani-Marilia-SP/Brazil).

Before

Figure 3. Cellulite treatment with ozone therapy using a concentration of 10 pg, injec-
tion of 5 ml at each point, once a week, rectal insufflation, and a total of 6 treatment
sessions. (Kindly provided by Cassiane Costa (Bauru-SP/Brazil).

T
i .

Figure 4. Use of macro suction cups (“Pump-up”) in the treatment of flaccid cellulite.

Ozone would also have the ability to interfere with overall body weight, thus
providing some weight loss. The activation of Nrf2 also inhibited the differentia-
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tion capacity of 3T3L1 cells (pre-adipocytes) and in obesity [51]. The presence of
Nrf2 can protect against obesity [30]. Therefore, we always recommend the as-
sociation of systemic ozone with local application in the treatment of localized
fat, as the antioxidant action of ozone, through the generation of mild oxidative
stress, becomes a great adjuvant for reducing large fat deposits. The associated
ozone therapy (rectal insufflation with 20 to 40 ug/ml and 150 to 300 ml of O3)
to a group of volunteers who were dieting, compared them with another group
that was not. Ozone potentiated the decrease in weight and measurements asso-
ciated with diet, generating a significant difference in body weight, waist cir-
cumference, and BMI (Body Mass Index) [73].

Currently, ozone therapy protocols for the treatment of localized fat vary in
the literature and the clinical practice of many professionals. The treatment of a
patient with a lipoma on the back using a 4 ug/ml concentration and 10 ml of
gas at each injection point twice a week. In our clinical practice, we currently use
and recommend the injection of ozone gas at 15 pg/ml and 5 ml per point [11].
However, a Russian study [47] revealed another way to use the concentration
and volume of gas, modifying the total dosimetry at each treatment session. The
protocol consisted of increasing the concentrations and injected volumes over 10
treatment sessions, starting with a concentration of 20 pg/ml and 250 ml volume
per total treatment area, and ending with 50 ug/ml and 600 ml, in some cases.
The study revealed that the therapeutic responses are better when we only vary
the volumes, keeping the same concentration until the end of the treatment (Group
4) (Table 2).

Note that in groups 3 and 4, there was a variation in the volume introduced
throughout the treatment sessions, and this variation also occurred with the con-
centration of ozone during the sessions in the groups 2 and 3 (Source: Poliy-
chuk, 2010 [47]).

In our clinical practice, we find in the market, and we commonly use in the
treatment of localized fat concentrations ranging from 10 to 15 pg/ml with 5 ml
(or more) of ozone at each gas injection point, obtaining excellent therapeutic
results of association or non-systemic application, such as rectal insufflation

(Figure 5).

Table 2. Russian treatment scheme with ozone therapy for the treatment of localized fat.

Number of Treatment program: 10 sessions—2 - 3 times a week.
Group R
patients Ozone concentration (pg/ml) Mix volume (ml)
1 39 20 (no changes) 250 (no changes)
One concentration per session: 20, 25, 25, 32, 32, 32,
2 30 250 (no changes)
40, 40, 50, 50
3 30 One concentration per session: 20, 20, 20, 25, 32,32, One volume per session: 250, 250, 250, 250,
40, 40, 50, 50 360, 360, 360, 360, 480, 600
One volume per session: 250, 360, 360, 360,
4 42 20 (no changes)

420, 420, 480, 480, 600, 600
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Before

Figure 5. Treatment of localized fat in the abdomen with ozone therapy using concentra-
tion: 10 ug/ml (total volume of 180 ml), once a week, rectal insufflation with 20 ug/ml and
180 ml of volume, and a total of 10 treatment sessions. (Kindly provided by: Juliana Tira-
dentes (Itaperuna-R]/Brazil).

As we consider the Russian protocol [47] as aggressive and quite painful but
considering the good result achieved in the study, we are currently also guiding
an adaptation to these doses using concentrations between 10 and 20 ug/ml (ac-
cording to the sensitivity threshold) and varying the injected volume at each
point from 3 to 10 ml, over ten treatment sessions in the treatment of localized
fat.

Another way to treat localized fat and cellulite, stretch marks, scars, alopecia,
etc., is to apply the ozone directly from the equipment to the target area without
using syringes, but using a silicone hose. In Brazil, this methodology is called the
“Free Flow” Mode or popularly the Carboxi Mode (because it is similar to the
way Carboxytherapy is used, without syringes). This form of ozone injection is
based on the reports of some authors [65] [74] [75] [76] who described the use
of ozone without syringes but using a urethral probe, gauge 12 to 14, to take the
gas from the equipment directly to the vaginal or rectal cavity, infusing about 50
to 500 millilitres of the ozone-oxygen mixture for up to a few minutes (depend-
ing on the desired volume).

At the beginning of the implementation of this methodology, there was some
resistance from some professionals for not understanding the correct form of
use and for thinking that there would be risks for the client and the professional
due to a possible accidental emission of ozone in the service environment, thus
as, and a possible “overdose” of injected ozone. Nevertheless, as soon as we sug-
gested the addition of equipment to measure and control the concentration of
ozone in the ambient air to prevent the place of care from having the ppm of
ozone increased to the point of causing harm to the health of those who were

there, this was no longer a taboo. Finally, we describe how to calculate the total
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dose of ozone injected during care using ozone therapy in “Free Flow” mode for
the treatment of localized fat, and we attest to the safety and effectiveness of the
method.

We also use a lot of the association of ozone therapy with electro thermothe-
rapeutic resources to treat localized adiposity. We currently associate local ozone
injection with various equipment, such as radiofrequency or tecartherapy, cryo-
lipolysis, carboxytherapy, electrolypolysis, ultracavitation, ultrasound, etc excel-

lent results without interferences or adverse effects in our clinical practice

(Figure 6 and Figure 7).

Figure 6. Treatment of localized fat in the abdomen with ozone therapy and associations: 1
cryolipolysis session; after 4 days, Carboxytherapy (5 sessions, 2x week); then local ozone
therapy (15 pg/3 to 5 ml per point) (5 sessions, 2x week). (Kindly provided by Gleicy San-
tos (Mirasol D’Oeste-MT).

Before

Figure 7. Treatment of localized fat in the abdomen with ozone therapy and associations: 4
sessions of rectal insufflation before using plate cryolipolysis; 48 hours after the treatment
with cryolipolysis, 6 more sessions of rectal ozone therapy (2 times a week; concentration
of 20 to 30 pg, and volume of 240 to 300 ml;); totalled 6 sessions. (Kindly provided by Ja-
naina Fantoni (Joinvile-SC).
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Finally, we also used the injection of ozonized saline solution in the subcuta-
neous fat tissue to reduce it, and we have obtained excellent results (Figure 8).
The ozonisation of saline solution is based on the Madrid declaration with low
doses, i.e 1.1 pg for each kilogram of body weight [77], however, in our practice,
we ozonize 250 ml of saline solution with 60 pg for 10 minutes, and we injected 5
ml of the ozonized saline solution in each point. In some cases, we immediately
use ultrasound, ultracavitation, or shock waves to perform non-aspiration hy-

drolipoclasis, obtaining excellent results.

5.3. Rejuvenation and Tissue Flaccidity

A low but chronic level of inflammation (when there are no real exogenous or
endogenous causes) is a common feature of aging or some age-related illnesses
[33]. Therefore, the Nuclear Factor xB (NF-xB) was the transcription factor
most associated with aging [78].

As already mentioned, Nrf2 can modulate inflammation through the main-
tenance of redox homeostasis (balancing the actions of ROS and the cellular an-
tioxidant capacity) and the suppression of pro-inflammatory genes, directly or
through the inhibition of NF-«B [31] [32] [33]. Thus, activation of Nrf2 through
ozone therapy [34] [79] can inhibit the NFxB pathway and activate antioxidant
enzymes, decreasing the action of inflammatory cytokines. Therefore, it is un-
derstood that the therapeutic modalities of systemic ozone therapy, such as rec-
tal insufflation, autohemotherapy, and intravenous injection of ozonized saline
solution can increase the expression of Nrf2, decrease oxidative stress, and there-
fore delay the signs of aging, including in the skin. Therefore, due to our clinical
practice, we recommend including systemic ozone therapy in aesthetic treat-
ments for rejuvenation to support the local treatment and thus enhance the re-
sults, especially in the medium and long term [17] [35] [46] [80].

Associated with aging, we usually face changes in the dermo-epidermal struc-
ture of the skin, especially wrinkles, sagging, and elastosis. A large part of this
problem resides in the production and maintenance deficiency if collagen and
elastin in the skin [81]. The subcutaneous injection of ozone, with a concentra-
tion of 1 to 2 pg, once every 7 to 10 days, was able to benefit the skin through
some effects: it improved the structural organization of the dermis, decreased
deformation fibrotic, decreased the excessive accumulation of interstitial fluid in
the dermis, produced a significant increase in the thickness of the dermis (3.55%)
(thickening of the epidermal and dermal layers), increased the general elasticity
of the skin, restoring the smoothness of the skin micro-relief, increased skin mi-
crocirculation by 2.2 times, increased skin moisture by 20.11% (the effect re-
mained for about 2 to 6 months), normalized trans epidermal water loss and the
skin’s barrier function, in addition to normalizing the pH of the skin (approaching
pH 5.5) [82].

Still, on the action of ozone on skin components, authors [16] mentioned that

the intradermal injection of ozone can stimulate the action of fibroblasts and
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Figure 8. Treatment of localized fat in the abdomen with local injection of ozonized sa-
line solution: 10 sessions (2 times a week, volume of 5 ml at each injection point; saline
solution (250 ml) was ozonized with 60 pg for 10 minutes.

thus produce collagen, reducing fine wrinkles. Other authors [83] found an in-
crease in type 1 collagen (1.6 times) in gingival cell cultures by exposing them to
an ozonized gel (0.5 ppm). Local ozone therapy was mentioned as an excellent
resource for the bio stimulation of collagen in the skin [84]. The authors re-
ported a case of collagen bio stimulation using intradermal ozone injections on
the face and neck, in which they bio stimulated the skin using ozone, once a
week, at a concentration of 5 pg in the first two treatment sessions and increased
to 10 pg (3rd and 4th sessions) and 15 pg (5th and 6th sessions) in the following
sessions. At the end of each session, they wore a compressive mask moistened
with ozonized water (60 pg) for 10 minutes. As a result of the treatment, the au-
thors found a reduction or elimination of wrinkles, an improvement in the der-
mal turgor on the face and neck, and the reduction of spots on the skin on the
face.

In our clinical practice, we use some ozone injection techniques for the treat-
ment of aesthetic dysfunctions concentrated in the skin, among which are intra-
dermal with retro injection, intradermal with pleating (the gas is more concen-
trated in the subdermal region), the traditional intradermal, and the mesoepi-
dermal (more superficial), all with good therapeutic results. According to our
clinical practice, the concentration of the oxygen-ozone mixture, depending on
the sensitivity threshold, the non-aesthetic condition, and the therapeutic objec-
tive, we usually use 8 to 15 ug for most affections. Regarding periodicity, despite
some reports indicating the use of ozone on the skin from 7 to 10 days apart [82]
[84], in our day-to-day care, we perform the treatment with intervals 15 to 21
days apart, to ensure a better evaluation between sessions, waiting for a more
consistent result, considering the possibility of greater collagen deposition/ma-
turity.

In addition to aspects related to rejuvenation, we emphasize that the effects of
ozone therapy on the skin also influence cases where it is sought to reduce only
sagging skin, including the body. In this case, ozone is an important ally for the
treatment, producing the same effects obtained in rejuvenation.

In Figure 9 through Figure 10 we show some results of the use of ozone in

skin-related aesthetic dysfunctions.
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Figure 9. Rejuvenation of the peri orbicular region of the eyes: 8 sessions (1 time every 20
days, 1 ml volume at each injection point; 15 pug concentration; intradermal technique
with retro injection). (A) Before treatment; (B) 4 sessions; and (C) After treatment.

Figure 10. Rejuvenation of the intimate female area: 5 sessions (1 time every 15 days, vo-

lume of 1 to 2 ml at each injection point; concentration of 10 pg; intradermal technique).

Ozone therapy for the treatment of skin disorders and other aesthetic condi-
tions mentioned above can also be associated with other therapeutic resources to
optimize results, whether used in the same session or not. Among the most used
joint resources applied to the same treatment session, we have the radiofre-
quency, which we suggest using prior to the ozone injection to avoid any influ-
ence of the local temperature increase after the gas injection. With this, perhaps
to reduce its therapeutic action (although we did not find studies on this associa-
tion, this is our understanding); LASER or LED, which can enhance collagen
production; and cosmetics, mainly ozonized. Furthermore, among the resources
that can be associated (on different days) with the ozone therapy session are Mi-
croneedling, Intradermotherapy, Plasma Jet, etc., which can be used interspers-

ing ozone therapy sessions for 7, 21, or 30 days, depending on the resource used
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and of the intended therapeutic goal.

5.4. Pre- and Post-Plastic Surgeries

Ozone therapy has provided great help to plastic surgeons, both before and af-
ter operative procedures, especially for resolving complications in surgical flaps.

Although it is not common, the referral of patients before surgery is of great
importance when the objective is to prepare the tissue for postoperative recov-
ery. Ozone therapy can improve surgical wound healing by performing skin
preparation at the incision site [85]. In the postoperative period, ozone can be
used for various clinical situations, especially for surgical dehiscence (Figure 11)
and residual bruises/ecchymosis, delayed tissue repair in scars, fat or residual
flaccidity from liposuction, postoperative infection, etc. [86]. Some authors [68]
have suggested that adipocytes extracted for autologous transplantation would
be better preserved, with more prolonged survival, for grafting in patients un-
dergoing autologous fat transplantation if they were exposed to ozone at a con-
centration of 10 pg/ml. Based on this report, this type of pre-grafting procedure
using ozone is already being performed by plastic surgeons in Brazil, with excel-
lent postoperative clinical evolution.

After a surgical procedure, inflammation generates oxidative stress, and both
were the leading causes of postoperative scar adhesion in the peritoneum of rats.
According to the authors, ozone (used soon after surgery) decreases oxidative
stress (stimulates endogenous superoxy dismutase and glutathione peroxidase),
decreases inflammation, and, thus, the formation of postoperative peritoneal
adhesion [87].

Also, in this context, the postoperative period can generate one of the most
challenging sequels to treat, which brings many inconveniences for those af-
fected, post-liposuction fibrosis. In our clinical practice, ozone has produced ex-
cellent results for the resolution of this type of affection. The understanding is
that peroxides produced by ozone, including those contained in ozonized oil,
can increase the production of some cytokines by stimulating fibroblast cells to
activate a phagocytic action of excessive collagen fibres in the connective tissue,
including fibrous [88].

Based on these effects and our clinical practice, we recommend the use of
ozone in the preoperative period of plastic surgery to reduce oxidative stress (rec-
tal insufflation) to accelerate recovery in the immediate convalescence period
after the surgical procedure, and to prepare the skin which will be excised during
surgery to have a better quality of post-surgical tissue repair. As for the post-
operative period, currently, we have worked with ozone therapy much more on
scarring sequelae, such as dehiscence (Figure 11), residual fibrosis, infection, and
necrosis, basically using local gas injection (5 to 10 ug/ml), the bag or suction
cup (Figure 12), rectal insufflation or ozonized auto-hemotherapy, and ozo-

nized oil.
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Y L

Figure 11. Post-surgical dehiscence accompanied by infection 12 days after surgery. She
was treated with 6 of ozone-bag sessions (60 pg, 20 min) (twice a week) and tissue release
massage. (Kindly provided by Adriana Bastos-Belo Horizonte-MG).

Figure 12. Treatment of post-mastopexy dehiscence with local injection of ozone and
macro pump (“Pump-up”) to create a “compartment” to contain the ozone for disinfec-
tion and stimulation of tissue repair on the surface of the scar lesion. (Kindly provided by
Fabiana Gongalves-Rio de Janeiro-R]).

5.5. Stretch Marks

Although we have not found specific studies on the use of ozone directly on
stretch marks, we are obtaining excellent results with the use of this gas in the
treatment of this type of condition. In our understanding, the action of skin
perforations with the needle for ozone injection and the very local action of the
gas in streaks provides an effect similar to what occurs when treating flaccid
and/or aged skin [16] [83] [84], based mainly on stimulation of the action of fi-

broblasts for bio stimulation of collagen in striated skin (Figure 13).

5.6. Acnes

The incidence of acne vulgaris was associated with increased oxidative stress, so

we understand that treating acne with ozone therapy should be associated with
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Figure 13. Stretch mark treatment with ozone therapy (Concentration: 10 ug: volume: 1
ml per point; frequency: once every 20 days; total of 5 treatment sessions).

systemic effect techniques for greater action to reduce oxidative stress [45]. Ozone
is an agent capable of acting on acne skin in the following way: It reduces in-
flammatory edema and hyperaemia, softens inflammatory infiltrates, and elimi-
nates acne affection [74].

One study [89] used local injections of ozone (30 and 50 pg) associated with
minor autohemotherapy to treat acne in young people aged 14 to 29 years, 3
times a week for one month. After treatment, there was a decrease in inflamma-
tory lesions and edema and regression of pustular eruptions; in addition, there
was also a decrease in oxidative stress markers in plasma (Malondialdehyde).

In general, acne can be treated with ozone therapy by washing the area with
ozonized water and ozonized soap before injecting ozone; intradermal injection
of ozone, using 0.5 to 1.5 ml per injection point, 4 to 15 pg of concentration, 1 to
2 times a week [74] [90]. These procedures can be associated with the use of
ozonized oil (Peroxide Index. 600 mEq) for local application 1 to 2 times a day,
rectal insufflation (300 - 500 ml; 20 pg), minor autohemotherapy (optional), or
intravenous infusion of ozonized saline solution (SSO3) (optional) [74] [91].

As for ozonized oil, despite its use being surrounded by some controversy or
taboo since acne skin has oily characteristics, it is considered an efficient an-
ti-acne agent. According to some authors [92], ozonized oil has an antiseptic,
healing, sebum-regulating, and anti-inflammatory effect in the treatment of acne.

An in vitro study with Cutibacterium acnes used ozonized sunflower and co-
conut oils to verify their effectiveness in inhibiting the bacteria [93]. Both ozo-
nized sunflower and coconut oils were effective as an antibacterial agent for Cu-
tibacterium acnes. A study [92] evaluated the effects of ozonized extra virgin
olive oil and ozone-free extra virgin olive oil (control) to treat acne in individu-
als aged between 10 and 30 years of age. The use of ozonized olive oil for one
month revealed that half of the sample of treated individuals had a 75% cure,
and the other half had a 25% cure. When comparing ozonized olive oil with
non-ozonized oil (control), 65% of the lesions decreased (inflammatory and
non-inflammatory) in the group treated with ozonized oil, whereas in the con-
trol group, the reduction was only 14.5%.

Ozone therapy has also been shown to be effective in cases of conglobate acne.
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This case is regarding a 34-year-old woman with multiple painful acne lesions
for ten years with 10 to 12 red and swollen lesions per day with purulent dis-
charge and a pain level of 10 (scale of 1 to 10). She also had depression and sui-
cidal thoughts resulting from intense chronic pain; drank 12 to 18 beers a day to
relieve pain; and was undergoing treatment with antibiotics, steroids, and isotre-
tinoin, but unsuccessfully. The patient showed intense improvement after being
treated for one year with ozonized oil (peroxide index 600 mEq), whole-body
bag (10 pg for 20 min), intralesional ozone injections (10 pg - 4 to 12 ml injected
in the active lesions), and minor auto-hemotherapy (5 ml of ozone, 20 pg, mixed
in 5 ml of blood, and injected into the gluteus maximus, 1 x week) [91].

In our clinical practice, the use of ozone has produced excellent results, espe-
cially when we use more than one therapeutic modality, such as intralesional in-
jection associated with ozonized oil, as well as associate it with other therapeutic
resources, such as LASER or LED, carboxytherapy, microneedling (Figure 14),
etc.

5.7. Scars

Regarding the stimulation of tissue repair of the skin, ozone therapy, with its
most varied therapeutic techniques, has already been shown to be an efficiently
proven resource [50]. However, the use of ozone therapy in acute healing pro-
cesses or Hypertrophic scars or chronic keloids are also common in various
places of aesthetic care, although we lack specific studies on the use of ozone in
“sequelae” of fibrotic tissues in the field of aesthetics.

However, as previously reported, ozone therapy in the form of ozonized oil
could reduce fibrous tissue by stimulating the phagocytic action of excessive col-
lagen fibres in the connective tissue [88], which has guided us to use of ozone in
fibrotic scar tissue in the skin. In addition, ozone gas was also able to act specifi-
cally on the quality of scar tissue in post-burn formation by producing an anti-
oxidant effect (decreased oxidative stress markers and increased the amount of
antioxidant enzymes). It prevented the development of scar fibrosis; together
with this, there was an improvement in circulation, providing increased oxyge-
nation, increasing oxygen and ATP in the injured cells, which decreased fibrop-
lasia during healing [94].

Based on this context, our clinical practice recommends the use of ozone in
both recent and chronic healing processes because in our understanding, ozone,
in addition to accelerating tissue repair, also guarantees quality in healing; how-
ever, its main aesthetic application is in cases of hypertrophic scars or Anas ke-
loids. Currently, we have seen an intense aesthetic improvement of the scar tis-

sue when we apply intracatricial ozone (Figure 15).

5.8. Dyschromia

Based on the literature, Ozone therapy may be indicated not only for the treatment
of hyperchromia but also for hypochromia or achromia. Authors have reported

that increased oxidative stress is associated with dyschromia, such as melasma
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Figure 14. Acne treatment with local ozone injection (2 ml per point, 10 pg, once a
week, 6 treatment sessions) is associated with microneedling and skin cleansing. (Pro-
vided by Carina Queiroz-Belo Horizonte-MG).

Figure 15. Treatment of a hypertrophic scar in the thoracic-abdominal region after a
car accident. It was treated with 4 sessions of intralesional injections (concentration of 5
ug; volume 2 ml at each point). Taping was associated for 48 hours. (Provided by Mile-
na Esmeraldo-Fortaleza-CE).

and vitiligo [46] [50] [95] [96] [97]. Therefore, in our clinical practice, we always
recommend some systemic ozone therapy to reduce oxidative stress (especially
rectal insufflation) and, thus, assist in the treatment of the dyschromia men-
tioned above.

In post-skin injury hyperchromia (restorative or inflammatory) cases, we have
recommended treatment with the injection of ozone into the skin or the topical

use of ozonized oil. The recommendation by some authors [98] who reported
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that hydrogen peroxide (H,O,) acts in the early stages of melanogenesis and the
oxidizing environment within the melanosome, regulating melanin synthesis (acts
under tyrosinase). The authors even admitted the possibility of using creams with
depigmenting action containing hydrogen peroxide to treat this type of hyper-
chromia.

Still, on ozonized oil and its action on hyperchromia, authors compared the
effects of ozonized oil with topical hyaluronic acid (gel, 0.2%) in treating skin
burns (used once a day, for 12 weeks). The authors reported that ozonized oil
was as effective as hyaluronic acid in reducing burn-related symptoms to the
skin, but it appeared to be more effective in reducing post-injury hyperpigmen-
tation [99].

Regarding age spots associated with skin aging, a case report was found [84]
with intense reduction of facial spots and reduction and/or elimination of wrin-
kles and improvement in dermal turgor (face and neck) after skin bio stimula-
tion with weekly ozone injections.

In severe cases of achromia, such as vitiligo, systemic ozone therapy seems to
be the best treatment method, as 50 patients had the levels of antioxidant mark-
ers evaluated (superoxide dismutase, glutathione peroxidase, glutathione, ma-
lonic dialdehyde, 8-OH-deoxyguanosine), and were treated with intravenous in-
jection of ozonized saline solution (300 - 400 ml, for 30 to 60 minutes), 3 times a
week, totalling 9 to 10 procedures. As a result, the progression of vitiligo was
stopped in 40 patients (80%) with diffuse or punctual repigmentation and a de-
crease around depigmented spots. In addition, there was also a normalization of
oxidative stress indices with a decrease in malonic dialdehyde and 8-OH-deoxy-
guanosine. There is also an increase in the concentration of glutathione and glu-
tathione peroxidase on average by 1.5 times [46].

Based on the above, and based on our clinical experience, we understand that
local injections, especially in case of hyperchromia, the use of ozonized oil or
cosmetics, almost always associated with systemic ozone therapy (rectal insuffla-
tion, intravenous injection of ozonized saline solution and auto-hemotherapy)
can be excellent therapeutic options in several cases of dyschromia, especially
those verified after aesthetic treatments (plasma jet, fractional radiofrequency,

microneedling, peelings, etc.).

6. Final Considerations

In addition to the aesthetic affections described in this study, we still found
support for the use of ozone therapy in other clinical situations, such as telan-
giectasias, hair therapy. We are also using it in an “experimental” along with
electrolypolysis in replacement of carboxytherapy in the technique of Electro-
carbolypolysis, as well as in aesthetic skin cleaning using ozonized water com-
presses, in hydrolipoclasis with ozonized saline solution injected directly into the
subcutaneous fat, associating the use of sound waves (ultrasound, ultracavitation

or shock waves), and after microneedling (ozonized oil) [13] [74] [100] [101].

DOI: 10.4236/jbm.2021.912005

63 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2021.912005

F. dos Santos Borges et al.

Based on the above in our clinical practice, we conclude that ozone therapy
through its various therapeutic modalities (systemic or local applications: tran-
scutaneous, intradermal, and subcutaneous) has added a lot to aesthetic proce-
dures, mainly due to its effective adjuvant action or as the main agent of critical
physiological changes to enhance clinical results, in addition, we find many re-
ports in the world literature for the use of ozone in the treatment of aesthetic
dysfunctions, thus ensuring the necessary support for its use in this area of pro-
fessional activity, as for several decades, such as Russia [8] [10], Spain [74], Tur-
key [16], Italy [14] [15], Brazil [84] have already published their studies in sever-
al publications showing effective results of the use of ozone therapy in treatment
of esthetic dysfunctions, therefore, we believe that currently there is great sup-
port and consistent justification for all professionals who treat esthetic affections

using the various therapeutic modalities available in ozone therapy.
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