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ABSTRACT
Introduction: The physical and chemical properties andbiological effects of ozone that determine
bactericidal, anti-inflammatory, antioxidant and immunocorrective effects are a direct prerequisite
for the use of ozone therapy in the postoperative period of treatment of oral leukoplakia. This study
aimed to establish the effectiveness of the combined use of cryosurgery and local ozone therapy
in the complex treatment of patients with oral mucosa leukoplakia. Methods: Thirty-three pa-
tients (14 men and 19 women) with oral mucosa leukoplakia (verrucose form) aged 30 to 75 years
old were examined. Cryodestruction of the lesion was carried out with liquid nitrogen using au-
tonomous cryoapplicators made of porous titanium nickelide. After the treatment, all patients,
depending on the type of postoperative treatment, were divided into 2 groups. In the main group,
ozonated olive oil was additionally used by applying it to the mucous membrane around the fo-
cus of destruction. Patients in the comparison groupwere prescribed traditional anti-inflammatory
treatment. A score assessment of clinical signs (pain syndrome, mucous membrane condition in
the surgery area, nature of the wound discharge, and epithelization degree) at different stages of
the postoperative period was performed. An enzyme immunoassay was used to assess the activity
of superoxide dismutase. Results: In the main group, on the background of ozone therapy, there
was a statistically significant decrease in the intensity of pain syndrome compared to the compari-
son group at all stages of the postoperative period: on the 5th day, this indicator was half as much
as in the comparison group, and on the 14th day, pain completely disappeared (p < 0.05). Analysis
of the state of the mucosa around the operative intervention area, as well as characteristics of the
surrounding tissue edema, also confirmed a significant reduction in indicators against the compar-
ison group at all stages of postoperative intervention, with complete recovery on the 14th day (p <
0.05). The highest rates of wound surface cleanup, granulation and epithelization were seen in the
main group, with favorable ozone exposure on the 10th day relative to the data of the initial period.
A significant difference relative to the comparison group was registered on the 7th , 10th and 14th

day. It was revealed that the activity of salivary superoxide dismutase (SOD) showed a statistically
significant increase from the first day in the patients of themain group, which remained on the 10th

day, while the maximum SOD activity was registered on the 5th day after the surgery. The main
group patients showed increased SOD activity at all stages of the study as compared to the com-
parison group (p < 0.05). Conclusion: The study showed that patients with verrucous leukoplakia
of the oral mucosa were more effectively treated using postoperative cryotherapy management
alongside local ozone therapy.
Key words: leukoplakia, oral cavity, ozone, pain syndrome, superoxide dismutase

INTRODUCTION
Leukoplakia is considered a fairly common pathology
of the oral mucosa, and in 20-30% of cases, tends to-
wards malignant degeneration1. Currently, it is con-
sidered as a multifactorial disease, but it is believed
that smoking and alcohol are the most common fac-
tors in the development of leukoplakia2. There are 3
main forms of leukoplakia: flat, verrucous, and ero-
sive. The verrucous form (characterized by whitish
plaques protruding on the surface) is more prone to

the process of malignant progression1.
Due to frequent and possible malignant change, the
question of adequate treatment of oralmucosal leuko-
plakia is extremely urgent in dentistry. The effective-
ness of care for these patients is determined by the
timeliness and accuracy of diagnosis, with subsequent
selection of an optimal treatment. Treatment choices
depend on the features and duration of the pathology,
the patient immune status, the local microflora, the
intensity of the damaging factors, and the effective-
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ness of the ongoing conservative treatment3. Unfor-
tunately, therapeutic methods do not always lead to
complete structural and functional restoration of the
oral mucosa4. When the disease is prolonged or re-
current, and complications are present, surgical treat-
ment is the only method to treat leukoplakia.
Surgical treatment may include traditional surgery
or laser ablation, electrocautery, or cryosurgery 5.
Leukoplakia recurrence after surgical treatment has
been reported in more than 10% of cases6. Surgi-
cal removal of leukoplakia does not reduce the risk
of subsequent malignant transformation, but allows
a complete histopathological examination of the le-
sion. Surgical treatment is characterized by the de-
velopment of a wound, the course and outcome of
which depend on the type and severity of injury 7.
In this regard, there is a necessity to use particularly
sparing methods. Local cryosurgery is pathogeneti-
cally justified and allows for risk reduction regarding
malignant change while stimulating epithelization, all
without formation of coarse scars8–10. By destroying
nerve endings in the focus of cryo-exposure and re-
ducing their sensitivity, a persistent analgesic effect is
ensured, which excludes the need for anesthesia11.
Postoperative treatment should be aimed at arrest-
ing the inflammatory reaction, preventing secondary
infection, and stimulating regeneration processes.
Medical ozone is an ozone-oxygen mixture produced
from ultrapure oxygen, either by its decomposition
in a weak electric discharge or by ultraviolet irradi-
ation12. The biological effect of ozone on the or-
ganism is provided indirectly through the formation
of ”ozonides” — compounds of ozone with organic
substances that contain double bonds: amino acids,
polyunsaturated fatty acids (PUFAs), nicotinamide
enzyme, etc.13. It has been found that the perox-
ides formed when ozone interacts with PUFAs ac-
tivate the antioxidant defense system (AOD), which
improves the patient’s immune status14. The phys-
ical and chemical properties and biological effects of
ozone that determine bactericidal, anti-inflammatory,
antioxidant and immunocorrective effects are a direct
prerequisite for the use of ozone therapy in the post-
operative period of oral leukoplakia13.
The aim of the study was to establish the effectiveness
of the combined use of cryosurgery and local ozone
therapy in the complex treatment of patients with oral
mucosa leukoplakia.

METHODS
Study Design
Thirty-three patients (14 men and 19 women) with
oral mucosal leukoplakia (verrucous form) aged 30

to 75 years old were examined. The diagnosis was
made by an oncologist on the basis of external ex-
amination (limited plaques protruding over the sur-
rounding mucosa; grayish-white, irregularly shaped
and with a rough surface not removable by scraping
with an instrument) and histological findings. The
verrucous form occurred most frequently in the age
group 50-59 years (53% of patients), in contrast to
the age groups 30-39 years (13%), 40-49 years (18%),
and 60 and over (16%). Clinical pictures depended on
the localization of lesions in the oral mucosa: cheek
area (55% of patients), lateral surface of the tongue
(6%), cheek area and alveolar process (12%), alveo-
lar process (12%), retromolar process (9%), and floor
of the mouth (6%). Cryodestruction of the lesion was
undertaken with liquid nitrogen, using autonomous
cryoapplicators made of porous titanium nickelide
over 90 seconds (Figure 1)15.
After treatment, all patients, depending on the type of
postoperative treatment, were divided into 2 groups:
themain group and comparison group. Patients in the
main group were treated with standardized ozonated
olive oil for 15minutes after cryodestruction, with ap-
plications then carried out 5 times a day for 7 days.
Thepatients of the comparison groupunderwent anti-
inflammatory treatment. A system of point assess-
ment of clinical signs at stages across the postopera-
tive period (days 3, 5, 7, 10 and 14) was developed to
unify the data and for comparative analysis of the ef-
fectiveness of the suggested treatment method16.
Pain syndrome evaluation was as follows:

1. No pain - 0 points
2. Mild pain - 1 point
3. Moderate pain – 2 points
4. Severe pain - 3 points
5. Unbearable pain - 4 points

Assessment of the state of the mucous membrane in
the operative area was as follows:
Color:

1. Normal color - 0 points
2. Slight hyperemia - 1 point
3. Moderate hyperemia - 2 points
4. Bright hyperemia - 3 points
5. Cyanosis - 4 points
6. Ischemia - 5 points

Condition of the wound surface:

1. A small amount of fibrinous plaque - 0 points
2. A significant amount of fibrinous plaque - 1

point
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Figure 1: Cryodestruction of the lesion was undertaken with liquid nitrogen, using autonomous cryoap-
plicators made of porous titanium nickelide over 90 seconds. (A) Verrucous leukoplakia of the lower lateral
surface of the tongue on the right. Patient A.; status before treatment. (B) Verrucous leukoplakia of the red border
of the lower lip. Patient B.; status before treatment. (C) Verrucous leukoplakia of the lower lateral surface of the
tongue on the right. Patient A.; at the point of cryodestruction. (D) Verrucous leukoplakia of the red border of the
lower lip. Patient B.; at the point of cryodestruction.

3. A zone of cryonecrosis - 2 points

Character of wound discharge:

1. None - 0 points
2. Serous exudate - 1 point
3. Hemorrhagic exudate - 2 points

Granulation tissue:

1. Abundant - 0 points
2. First signs - 1 point
3. None - 2 points

Degree of epithelization:

1. Complete - 0 points
2. Incomplete - 1 point

Scores were calculated both for an individual indica-
tion and for the total score.

Biochemical Measurements
The activity of the antioxidant enzyme, superoxide
dismutase (SOD), in the oral fluid of patients with
leukoplakia was also analyzed. Samples were taken
before surgical intervention, 24 hours (1 day) after
surgery, on the 3rd day, 5th day, 7th day, and 10th day.
Oral fluid was sampled within 5–15minutes into ster-
ile measuring tubes. An eBioscience reagent kit (Ben-
der MedSystems) was used for highly sensitive quan-
titative determination (Cu/ZnSOD) by enzyme im-
munoassay on aUniplan-PICON enzyme immunoas-
say analyzer. The principle of the method is based
on the interaction of monoclonal antibodies specific
to Cu/ZnSOD adsorbed in the wells of the plate with
samples in the presence of horseradish peroxidase.

Statistical Procedure
The number of patients available for each group dur-
ing the study period was limited. To assess the type
of distribution of features, the Shapiro-Wilk criterion
was used. The values are represented asM±σ , where
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M is the sample mean and σ is the sample standard
deviation. In cases of normal distribution, the Stu-
dent’s T-test was used to compare the averages. In
the case of distributions that do not correspond to
the normal law, the nonparametric Mann-Whitney
U-test was used. The differences were considered sta-
tistically significant at p < 0.05, where p is the prob-
ability of a first–kind error when testing the null hy-
pothesis. Data processing and graphical representa-
tion were carried out using the computer program
Statistica 8.0.

RESULTS
After treatment, in the main group, as early as 3
days after cryodestruction of verrucous leukoplakia
lesions, patients noted the disappearance of the pain
syndrome. Despite all patients being advised to avoid
irritating and hard food in the postoperative period,
this was in fact in most cases the cause of intense
pain sensations. Pain syndrome averaged 1.00± 0.13
points, which was statistically significantly lower than
the figure in the study group (1.77± 0.11). On the 5th
day, the index was 0.56 ± 0.13, which was two times
lower than in the comparison group. The same ten-
dency was seen during all periods of observation, and
on the 14th day, no pain syndromewas reported in the
control group (Table 1).
Analysis of the mucosa condition around the surgi-
cal intervention zone, as well as the characteristics of
the surrounding tissue edema, also confirmed the ad-
vantages of using ozonized oil after verrucous leuko-
plakia cryodestruction. On the 3rd to 5th days of
follow-up, most patients in the main group showed
moderate and mild hyperemia of the mucous mem-
brane around the operative site, with no cyanosis of
the wound edges (Figures 2 and 3).
The research index on the 3rd day in the main group
averaged 1.75 ± 0.12 points, scoring 0.88 ± 0.16
points on the 5th day. That score was statistically sig-
nificantly lower than in the same period of observa-
tion in the comparison group (Table 2).
The clinical effectiveness criteria covered wound sur-
face cleansing and the intensity of the processes of
wound granulation and epithelization, reflecting the
intensity of the regeneration processes. The highest
rate of epithelizationwas noted in themain group. On
the 10th day, a full regeneration was registered in the
majority of patients: the researched index was 0.33±
0.11 points (Figures 4 and 5).
In the control group, at the same stage of observation,
the degree of epithelization was 0.76 ± 0.13, indicat-
ing incomplete epithelization in the majority of pa-
tients (Table 3).

The analysis of the dynamics of the total score, assess-
ing all clinical parameters, revealed differences during
the wound healing process when using the suggested
method. Thus, on the 3rd day, it was 6.12 points in the
main group, and was statistically significantly lower
than the total index of the comparison group by al-
most 30%. On the 5th day, the studied index in the
main group was also lower than in the comparison
group (3.88 and 6.72 points respectively). One week
later, there was a significant decrease in the total in-
dex in themain group (0.88 points), while in the com-
parison group it decreased to only 3.88 points. At the
next stages of observation, the cumulative index in the
main group was close to zero, while in the compari-
son group, it reached 2.62 points on the 10th day and
0.44 points on the 14th day.
The baseline value of SOD activity in the patients of
the two groups was similar on average (Table 4). We
found that from the first day, in the main group of pa-
tients, there was a significant increase in the salivary
SOD activity, which remained on the 10th day. The
maximum SOD activity was detected on the 5th day
after surgery. At the same time, the comparison group
showed a decrease in the activity of SOD at all stages
of the study compared to the main group (p < 0.05)
(Table 4).

DISCUSSION
Ozone therapy is a type of physiotherapeutic treat-
ment in alternative medicine involving the use of
ozone for therapeutic and preventive measures.
According to our data, the use of ozone therapy in
the postoperative period allows for the shortest du-
ration of pain syndrome, as well as purification, gran-
ulation and epithelization of the wound surface, and
improvement of mucous membrane condition in the
surgical intervention zone due to the positive effects
of ozonated olive oil.
It is now well documented that ozonated oil has pro-
longed disinfectant and stimulating effects that are
achieved through the interaction of ozone with or-
ganic components of cells, with the formation of sev-
eral secondary products such as lipid peroxides and
fatty acid ozonides14. Further, topical application of
ozonated olive oil leads to a slow release of ozone in
tissues and promotes rapid healing of oral mucosa17.
It was found that ozonated oil has an antimicrobial ef-
fect against multiresistant strains of microorganisms,
such as Staphylococcus aureus and Candida fungi13.
Moreover, acceleration of regeneration is associated
with anti-hypoxic action and the ability to stimulate
the production of growth factors, which leads to accel-
eration of angiogenesis and differentiation of epithe-
lial cells18. Themechanism of the antibacterial action
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Table 1: Dynamics of pain syndrome during 14 days in patients of 2 groups (M± σ )

Groups 3 days 5 days 7 days 10 days 14 days

Main
group (n = 17)

1.00± 0.13* 0.56± 0.13* 0.13± 0.09* 0.06± 0.11* 0.0± 0.0*

Comparison group (n = 16) 1.77± 0.11 1.06± 0.16 0.41± 0.12 0.34± 0.13 0.13± 0.13

* statistically significant differences between patients of two groups.

Figure 2: Verrucous leukoplakia of the lower lateral surface of the tongue on the right. Patient A., the status
on the 5th day after cryodestruction.

Figure 3: Verrucous leukoplakia of the red border of the lower lip. Patient B., the status on the 5th day after
cryodestruction.
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Table 2: Dynamics of the oral mucosa state in the area of surgical intervention in patients of 2
groups (M± σ )

Groups 3 days 5 days 7 days 10 days 14 days

Main
group (n = 17)

1.75± 0.12* 0.88± 0.16* 0.50± 0.13* 0.21± 0.11* 0.0± 0.0*

Comparison group (n = 16) 2.30± 0.17 1.65± 0.17 0.82± 0.18 0.76± 0.13 0.0± 0.0

* statistically significant differences between patients of two groups

Figure 4: Verrucous leukoplakia of the lower lateral surface of the tongue on the right. Patient A., the status
on the 10th day after cryodestruction.

Figure 5: Verrucous leukoplakia of the red border of the lower lip. Patient B., the status on the 14th day after
cryodestruction.
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Table 3: Dynamics of the degree of epithelialization changes in patients of 2 groups (M± σ )

Groups 3 days 5 days 7 days 10 days 14 days

Main
group (n = 17)

1.00± 0.00 1.00± 0.00 0.68± 0.13* 0.33± 0.11* 0.06± 0.06*

Comparison group (n = 16) 1.00± 0.00 1.00± 0.00 0.82± 0.09 0.76± 0.13 0.18± 0.13

* statistically significant differences between patients of two groups.

Table 4: SOD activity (ng/ml) in patients of 2 groups (M± σ )

Groups Before
surgery

1 day 3 days 5 days 7 days 10 days

Main group
(n = 17)

17.6± 0.2 51.9± 0.1 59.3± 0.1 59.6± 0.1 50.8± 0.2 49.4± 0.1

Comparison
group 
(n = 16)

17.1± 0.2 32.1± 0.1* 31.0± 0.1* 41.6± 0.1* 28.7± 0.1* 22.4± 0.1*

* statistically significant differences between patients of two groups

of ozone occurs through the selective destruction of
the bacterial cell membrane by single-atomic oxygen.
In addition, the ozone molecule has a much smaller
size compared to the molecule of any known anti-
septic drug and therefore a better penetrating ability,
which is a great advantage for acting on oral microor-
ganisms organized into plaque or biofilm16. Cryode-
struction, as a serious exposure, causes activation of
oxidative stress (OS) in the damaged tissues. The ini-
tiation and maintenance of the inflammatory process
can be carried out through numerous chemical me-
diators, among which a great importance is attached
to reactive oxygen species (ROS), which, in particu-
lar, include superoxide anion, hydroxyl radical, and
hydrogen peroxide13. It has been shown that OS in
saliva is an etiological and pathophysiological factor
of periodontal and oral cavity diseases19. Protection
against the damaging effects of ROS in the organism
is provided by the combined action of a number of
factors limiting their action – namely antioxidant sys-
tems, including enzymatic reactions of reactive oxy-
gen metabolites utilization. The occurrence of disor-
ders in this system can lead to an imbalance of pro-
and antioxidant processes, an increase in the produc-
tion of ROS and the manifestation of their toxic ef-
fect on tissue structural elements13. OS is manifested
by the fact that ROS destroy proteoglycans of peri-
odontal soft tissues as well as collagen type 1 pro-
line chains, significantly changing fibroblast functions
(adhesion and proliferation)20. The excessive pro-
duction of ROS by neutrophils and fibroblasts in pe-
riodontal tissues activates NF-κb and triggers a sig-
naling cascade that activates osteoclasts, leading to
inflammation21. Besides, ROS cause imbalance in

the system of matrix metalloproteinases and their in-
hibitors, leading to degradation of periodontal tis-
sues22. The greatest importance in the processes of
enzymic inactivation of ROS is given to the reactions
catalyzed by SOD, glutathione peroxidase, and glu-
tathione reductase. In this vein, SOD is a ubiquitous
enzyme involved in oxygen metabolism in cells and
protects these cells from direct and indirect free radi-
cal damage mediated by reactions of oxygen transfor-
mation. SOD catalyzes the recombination reaction of
superoxide anions. Blood SOD activity is identical to
the function of the enzyme in saliva23. Changes in an-
tioxidant activity and salivary SOD enzyme reflect the
state of the oral cavity on treatment24. A reduction in
the inflammatory response after therapy resulted in
an improved antioxidant profile in gingival fluid and
saliva22. Levels of OS in saliva decreased when sali-
vary SOD activity increased25. We observed an in-
crease in oral SOD activity in the postoperative pe-
riod when using ozonated oil more significantly than
the adaptive increase during cryodestruction. Appli-
cation during the postoperative period in the com-
plex treatment of ozonated olive oil solution causes a
decrease in the level of OS in saliva due to the per-
sistent and long-term increase in the activity of sali-
vary SOD. This accelerates the reparation processes,
improves the wound healing process, and reduces the
healing time of the oral mucosa (confirmed by mor-
phological study) compared to traditional methods of
treatment.

CONCLUSIONS
The study showed superior results over the course of
the disease in patients treated with cryodestruction
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combined with ozone therapy — the earliest disap-
pearance of pain, reduction of edema, hyperemia, and
the onset of complete epithelization. In addition, a
persistent increase in superoxide dismutase activity in
the oral fluid of patients with leukoplakia was noted,
which we postulate may accelerate the processes of
wound surface reparation. This indicates a higher ef-
fectiveness of the proposed method of postoperative
management of cryotherapy in patients with verru-
cous leukoplakia using local ozone therapy compared
to traditional local anti-inflammatory treatment.

ABBREVIATIONS
AOD: antioxidant defense, OS: oxidative stress, PU-
FAs: polyunsaturated fatty acids, SOD: superoxide
dismutase
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