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ABSTRACT

Ozone has been used for medical purposes since the 1800s and for years also for the treatment of skin lesions. The properties
of this molecule are multiple, including increased oxygen availability, anti-inflammatory and antiseptic. We tested the
performance of a product based on Ozoile (Stable Ozonides from organic.olive oil), in the treatment of chronic skin lesions. 40
patients with lesions of different aetiologies and locations in the leg or foot were recruited. The parameters analyzed were: area,
infection, pain, WBP and occurrence of adverse events. The observational study included a 2-week enrollment and observation
run-in and a 6-week treatment period with Ozoile. The data collected highlighted an excellent performance of the device used on
all parameters. The same data, analyzed with the linear ANOVA test, showed a significance of the p on area, pain and onset of
infections. The authors believe that these results confirm the hypotheses, reported in the literature, on the activity of ozone and

its derivatives.
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INTRODUCTION

Ozone is an inorganic oxidizing compound made
up of three oxygen atoms. Oxygen is a fundamental
element for life as we know it, and its role in wound
repair can be easily guessed in an energy-intensive
process such as tissue repair.l? It is known that, in
lack of oxygen, wound bed infections are more
frequent.’> Recently, new routes of topical oxygen
administration have been codified in a document
proposed by the EWMA, among these, ozonides have
been evaluated capable of providing oxygen .**

Its first known medical application was the
purification of test-tube blood in 1870.° Ozone has
an ancient history of application in the treatment of
skin lesions: the ozone molecule O3 with its
antiseptic, antioxidant and inflammation modulating
properties , is used in numerous forms, from auto-
blood transfusion to rectal administration, to topical
use. Over the years, ozone has been used as a
treatment option for several conditions such as
diabetic foot ulcers, periodontal disease, and chronic
inflammation, among others.” Ozone has also been
used as a disinfectant in waste water treatment and
drinking water preparation due to its high
antimicrobial activity.® Several studies have shown
that, due to its non-specific action, ozone has an
effect on bacteria, viruses, protozoa and fungi.’ In
this study we used a product with stable ozonides
from organic olive oil for the treatment of non-
healing lesions.
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This kind of product now has an important
supporting literature.
Wen et al, in a recent review of the literature,'?
reported the use of topical ozonides in the treatment
of post actinic, venous, digital ulcers in scleroderma,
arterial ulcers and diabetic foot; in the face of the
absence of evidence in the actinic lesions, an
acceleration of the repair is reported in all the other
types, but the data would not be significant;
however, the author underlines a low level of
studies. Lim et al, in another review,'' reported a
positive effect on wound healing linked to the
bactericidal, antifungal and antiviral activity of
ozonated oils. Anzolin et al.,'? in a 2020 review,
underlined an antibacterial activity and an ability to
debride lesions capable of modulating inflammation,
stimulating cellular metabolism accelerating tissue
repair. Silvia et al.!? found an activity on the bio-film
both in terms of bacterial killing and reduction of
adhesion. Currd et al.'* highlighted the anti-
inflammatory and tissue regenerating action of
Ozoile. Russo et al'> demonstrated an anti-
inflammatory action of stable ozonides comparable
to that of topical corticosteroids. In this study we
wanted to analyze the performance of Ozoile, in
topical application.

MATERIALS AND METHODS

This was an observational study, in which each
patient was a case control of himself. Patients were
recruited after a 2-week run-in with gold standard
treatment, followed by a 6-week treatment period
using Ozoile in addition to the treatment performed in
the previous phase. 40 patients were enrolled: 20 with
lower limb lesions and 20 with foot lesions at two
vulnology centres. All patients were informed of the
protocol in question and, after signing an informed
consent form, were entered.

Inclusion criteria: adults, patients with chronic skin
ulcer for at least 8§ weeks in the absence of necrotic
eschar, self-sufficient, able to present for check-ups,

Table 1. Etiology in the two groups.

Lower limb group

Num %
Venous 10 50
Arterial 1 5
Mixed 7 35
Diabetic - -
Decubitus - -
Other 2 10

definite aectiological diagnosis, life expectancy > 6
months, not taking immunosuppressants and/or
chemotherapy, not pregnant, acceptance of informed
consent.

From a local point of view, a type of dressing was
chosen for two weeks in accordance with the TIME
guidelines,'® while the underlying pathology was treated
according to the gold standard of the literature.

After the run-in period, the test device in the form of a
cream or spray was added to the dressing. The change
of dressing took place on the basis of the exudate, daily
in exuding wounds and every other day with controlled
exudate. The checks took place every other week.
Parameters analyzed were area (using Wound Viewer®
system),!” WBP (according to Falanga score),'® pain
(using NRS score)!® and infections (using Cutting and
Harding score).?’ The mean age of the total group was
69.3 with a range of 27-90, 70.9 in the leg group and
67.7 in the foot group. The male to female ratio was 1 to
1, the two groups were homogeneous. The mean total
age of the ulcers was 10.5 months with a range of 3-29.
Table 1 shows the different actiologies divided by foot
and lower limb.

RESULTS

Area

It is the parameter recognized by all as the most
reliable in terms of repair predictability.?!??

Table 2 shows the results in terms of area evolution,
while Figure 1 shows the evolution of the 2 groups in
graphical form. It should be noted above all in the group
of treatments how there is a constancy in the
progression of the line. We evaluated the evolution of
the wounds based on the area in a global sense, dividing
the patients into 4 groups: resolved (total healing) 2/40,
improved (reduction > 40%) 29/40, unchanged
(reduction < 40%) %) 8/40, worsened (increased) 1/40.
This leads to an overall positive result, at the end of the
6 weeks of therapy, equal to 77.5%.

Foot group

Num %
Venous - -
Arterial 1 5
Mixed - -
Diabetic 16 80
Decubitus 2 10

Other 1 5



Pain

The data was evaluated on 33 patients since 7
patients in the foot group, diabetics, presented a totally
anesthetic neuropathy. In the run-in period, the pain
reduction was 13.1%, while in the treatment period it
was 35.4% at T14, 66.2% at T28 and 86.6% at T42.
Note how the progression is linear here too.

Infections

The cases of infection decreased from 21 to 16
during the run-in period (-23.8%). During the treatment
period, the infections disappeared after 2 weeks, while
one case re-occurred at T28 which maintained the

colonization status until the final checkup.
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Figure 1. Evolution of the area in the 2 study groups.
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Table 2. Evolution of the area

WBP

This score does not report a numerical indicator: for
the tissues, the level of cleansing is evaluated divided
into 4 groups from A to D. At the end of the study, in 38
cases the wound bed was improved compared to the
starting point, only 1 case has presented a deterioration,
the same one that has kept in a situation of critical
colonization. As for the exudate, it was totally
controlled at the end of the study, in 34 cases out of 40
(90%), in 5 cases it was partially controlled (12.5%) and
in one case (2.5%) outside control, but it is the same
case with critical colonization.

No adverse events were noted. The only report from
patients was a burning pain upon application which
tended to disappear within 10-15 minutes and was
apparently connected to the amount of product applied.
This event occurred in 3 patients (7.5%).

DISCUSSION

The performance of the device was quite high under
all points of analysis collected. The data were analyzed
using the linear ANOVA test with a significance set at
p<0.5 (Table 3). The limitation of the p evaluation with
ANOVA on the run-in period is due to the shortness of
the observation time. The area demonstrates a level of
statistical significance at 4 weeks both globally and for
both locations.

Run in Treatment

TO T14 TO T14 T28 T42
Lower limb 522 497 497 412 320 257
Variation (%) -4,7 -17,1 -35,6 48,2
Foot 314,8 298,3 298,3 2188 164,8 132.9
Variation (%) -52 -26,6 -44,7 -554
Tot. sum 836,8 795,3 795.,3 630,8 484.,8 389,9
Variation (%) -49 -20,6 -39 -50,9

Table 3. Linear Anova test results ANOVA with p-values reported, significance set at < 0.5.

Period T15-T28 T29-T42

Run in 0.706153 - -
Total area Treatment 0.077591 0.001974 0.000034

Foot area Run in 0.806219 i i
Treatment 0.295636 0.097717 0.028034

Leg area Run in 0.747705 R B
Treatment 0.237705 0.033281 0.001403

Pain NRS Run in 0.168253 - -
Treatment 0.000121 <0.00001 <0.00001

. . Run in 0.463387

Cutting ¢ Harding Treatment 0.004387 <0.00001 <0.00001
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Figure 2. Neurological foot, run in with unchanged area, resolution at 4 weeks of treatment period.

As far as pain is concerned, the fall of the same was
significant from the beginning of the treatment. For
infections, based on the score proposed by Cutting and
Harding, maintaining a summation of the scores
obtained with a value of 1 for each item, a significant
reduction was highlighted from the first period of
treatment.

As far as the WBP is concerned, in the chosen
typology we do not have a numerical value that allows a
statistical analysis. However, the result obtained is an
improvement of the tissue situation equal to 95%, and a
total control of the exudate in 90% of cases.

CONCLUSIONS

This study, intended to evaluate the effectiveness
of Ozoile in 4 parameters, demonstrates a valid
performance of the product. The limitations of this
study are mainly due to the shortness of the run-in
period. The device analyzed in the absence of adverse
events suggests a considerable safety of the device. It
has also been hypothesized the ability to increase the
availability of oxygen locally, through the division
into O2 and singlet oxygen. The data reported by us
can probably be correlated to these points: re-
epithelialization takes place in conditions of sufficient
availability of O2, absence of bacterial bioburden
imbalance and well-controlled inflammation; pain in
the vulnological field is often related to tissue damage
or infectious phenomena,

the drop in positivity on the C&H score would derive
from these 2 actions. The same goes for wound bed
improvement and exudate control. The low number of
resolutions (Figure 2) is attributable to the short
observation period of 6 weeks, against chronic lesions
with an average age close to one year; however, the
reduction of the area has a good level of significance
equal to p =0.000034.
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