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Abstract

Background: Oral mucositis and local pain are the negative effects of the treatment of head and neck cancer with radiotherapy.
Objectives: The study aimed to investigate the effect of ozonated water on the severity of mucositis and pain in (1) patients who
were treated with ozonated water and (2) patients who were not treated with ozonated water.
Methods: We randomly divided 93 patients with head and neck malignancy (aged 18 to 80) into three groups. Ozone-treated group
1 rinsed their mouth with 15 mL of ozonated water with a concentration of 20 - 50 ppm from the first session of radiotherapy for
one minute before and after each session. Ozone-treated group 2 rinsed their mouth with 15 mL of ozonated water with a concen-
tration of 20 - 50 ppm for three minutes and then swallowed it before and after each session. Ozone-treated groups 1 and 2 and the
non-ozone-treated group received standard treatment if mucositis symptoms appeared in each patient. The minimum number of
radiotherapy sessions was 30, and the minimum planned dose for each patient was 50 Gray. Anamnesis and the following clinical
parameters were taken: the degree of mucositis, the use of corticosteroids, radiotherapy method, radiation dose, and Pain Visual
Analog Scale. Multi-level and subgroup analyses were performed on the ozone-treated and non-ozone-treated levels.
Results: The mean degrees of oral mucositis and pain were lower in the ozone-treated group 2 than in the ozone-treated group 1
and non-ozone-treated group (P < 0.05). The non-ozone-treated group had the highest degrees of oral mucositis and pain severity
(P < 0.05). The Kruskal-Wallis H test showed that there was a statistically significant difference in the Visual Analog Scale of sessions
5, 10, 15, 20, 25, and 30 between different groups. However, there was no statistically significant difference in the Visual Analog Scale
of session 1 (χ2 (2) = 1.022, P = 0.6). This study revealed that ozonated water can be used for preemptive pain control and mucositis.
This finding aligned with previous studies. Also, former research proved the safety and efficacy of ozonated water in dentistry and
medical uses.
Conclusions: The use of ozonated water in patients with head and neck malignancy can reduce the pain severity and oral mucositis
induced by radiotherapy. It seems that ozonated water can be used as a preemptive agent in patients who receive head and neck
radiotherapy.
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1. Background

Head and neck cancers account for about five to seven
percent of all cancers worldwide (1). The main treatments
include surgery, chemotherapy, and radiotherapy. Other
treatments, such as gene therapy and hyperthermia, are
also being used to treat cancer. Radiotherapy is one of the
main therapies that is used sometimes alone and some-
times in combination with other therapeutic methods (2,
3). Despite invading and eliminating cancer cells, radio-

therapy can also damage normal cells. During radiother-
apy sessions, complications such as the destruction of
taste buds, decreased function of salivary glands, oral mu-
cositis, and peripheral neuropathy are inevitable.

Oral mucositis is described as an inflammation of the
mucosa in the oral cavity, which is caused by the destruc-
tion of oral mucosal epithelial cells and growth suppres-
sion secondary to cancer treatment with radiotherapy or
other treatments (4). Mucositis is considered to be one
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of the leading causes of severe pain in patients receiving
head and neck radiotherapy. Therefore, it is necessary to
evaluate and manage the pain (5, 6). The oral mucosa is
lined with squamous epithelium, beneath which is a fi-
brous connective tissue containing a large number of cap-
illaries. Wound healing in the oral mucosa follows the pro-
cess of vasoconstriction, blood clot formation, fibrin for-
mation, inflammatory cell infiltration, cell proliferation,
new vein production, and epithelial regeneration (7). Var-
ious supportive methods have been proposed to improve
the symptoms of mucositis, which, regardless of their side
effects, often relieve the symptoms to varying degrees (8).

Ozone (O3) is a highly reactive molecule made up of
three oxygen atoms, first introduced in the 1840s, which
has an unstable structure due to the mesomeric effect
of this molecule (9). Ozone has been used in medicine
for many years because it has antimicrobial properties,
stimulates the immune system, detoxifies, and activates
metabolic reactions. Recently, the use of ozone has been
introduced in many fields of dentistry, the main applica-
tions of which include accelerating homeostasis, improv-
ing oxygen delivery to organs, and preventing the growth
of bacteria. Ozone can also be used in a diversity of ways,
such as gas, ozonated water, and gel solutions. The effec-
tiveness of ozone in medicine and dentistry is potentially
confirmed (10). Animal research has shown the positive ef-
fects of ozone on cancer cells. In these studies, ozone sig-
nificantly increased the survival of study groups (11). In
another study, Clavo et al. examined the effects of sys-
temic ozone on patients with head and neck cancer who
were being treated with radiotherapy and chemotherapy.
In all participants, oxygen delivery to the cancerous tis-
sues increased significantly. The authors suggested the use
of ozone for the treatment of patients receiving radiation
therapy and chemotherapy (12). A review study stated that
there are various supportive and palliative approaches for
oral mucositis, although there is no confirmed standard
(13). Previously, Onda et al. suggested ozone nano-bubble
water for curing chemotherapy-induced stomatitis (14).
The results of another review article showed that the allow-
able dose of ozonated water ranges from 3 to 2,100 ppm
(in vitro and in vivo) (15). Besides, a concentration between
0.05 and 0.1 ppm has antimicrobial effects (16, 17).

2. Objectives

Since a few studies have been conducted on the effects
of ozonated water on the treatment of mucositis, in this
study, we intend to evaluate the effect of ozone-containing

water on oral mucositis induced by radiation therapy.

3. Methods

This investigation is a single-center observational
cross-sectional study conducted in 2019. All procedures
were approved by the Ethics Committee of Baqiyatallah
University of Medical Sciences (No. 91002655). Ozonated
water was produced by a HAB generator (Herrmann Appa-
ratebau GmbH, Germany). Based on the institutional pro-
tocol, some patients received ozonated water as a preemp-
tive agent. This was not mandatory, and patients were edu-
cated about the benefits and harms. We randomly selected
93 patients (with head and neck malignancies) in three
groups. The criteria for entering the study included pa-
tients with head and neck malignancies who did not need
resection surgery, age between 18 and 80, and weight of less
than 100 kg. The minimum planned dose for each patient
was 50 Gray (Gy). The dosage of radiation was aligned with
previous clinical trials (18, 19). The minimum number of
radiotherapy sessions was 30. Exclusion criteria were pa-
tients who could not complete the study (due to death, an-
other illness, etc.), the need for surgery during the study,
and known sensitivity to ozone or its smell.

Ozone-treated group 1 rinsed their mouth with 15 mL of
ozonated water with a concentration of 20 - 50 ppm for one
minute before and after each session of radiotherapy from
the first session. Ozone-treated group 2 rinsed their mouth
with 15 mL of ozonated water with a concentration of 20
- 50 ppm for three minutes and then swallowed it before
and after each session. Ozone-treated groups 1 and 2 and
the non-ozone-treated group received standard treatment
if mucositis symptoms appeared in each patient. Standard
treatment consisted of symptomatic treatment with nor-
mal saline mouthwash, diphenhydramine mouthwash, pi-
locarpine salivary enhancer, and antibiotic therapy. In the
beginning, the health of the patients’ teeth and mucous
membranes was ensured by a clinician after oral exami-
nations. Patients were encouraged to maintain good oral
hygiene, including brushing and flossing. Patients were
barred from using commercial mouthwashes.

The sample size was calculated based on the results of a
pilot study (20-22). We chose an alpha error of 5%. To reach a
power of 80% with an estimated effect size of 0.30, a sample
of 31 participants for each group was calculated.

The severity of the pain was reported by patients ac-
cording to a Pain Visual Analogue Scale (PVAS) (1 to 10
scores). The condition of the mucosa was assessed based
on the Radiation Therapy Oncology Group Grading (RTOG)
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scale for oral mucositis, which is listed in Table 1 (23, 24).
Also, the method of radiotherapy and the dose of radiation
each patient received were compared between the groups.
The evaluations were performed by a trained clinician in
session 5, session 10, session 15, session 20, session 25, and
session 30 of radiation therapy. Standard treatment was
prescribed in all groups if grade 2 or higher of mucositis
occurred or if the pain interfered with swallowing and nor-
mal speech. Statistical analysis of data was done with the
t-test and the Mann-Whitney test using SPSS 26.0 software.

Table 1. Radiation Therapy Oncology Grading (RTOG) Scale for Oral Mucositis

Grade RTOG Scale

Grade 0 Normal mucosa without mucositis

Grade 1 Mild inflammation with a slight pain that does not require
anesthesia

Grade 2 Mucositis in the form of a patch that is associated with secretions
and requires anesthesia

Grade 3 Disseminated mucositis and severe pain

Grade 4 Wounds, bleeding, and necrosis

Grade 5 Death

4. Results

In the present study, background characteristics, in-
cluding sex, age, smoking, diabetes mellitus, and corti-
costeroid intake, were analyzed. None of the background
characteristics were significantly different between the
three study groups (P-value > 0.05; Table 2). Also, the radi-
ation dose and radiotherapy method were not statistically
different between the groups (P-value > 0.05). The back-
ground characteristics of the study groups are provided in
Table 2.

The highest grade of mucositis observed in the study
groups was grade 3, which was observed in 10 patients of
the non-ozone-treated group, one patient in ozone-treated
group 1, and no patient in ozone-treated group 2 (Table 3).

In terms of oral mucositis grading (Table 3), there was
no statistical difference between the three groups of pa-
tients in session 1. However, from sessions 5 to 30, there
was a statistically significant difference between the three
groups of patients so that patients in ozone-treated group
2 had a lower grade of mucositis than patients in ozone-
treated group 1 and the non-ozone-treated group. In the
15th session and thereafter, all non-ozone-treated patients
had some degree of oral mucositis. In the 30th session,
more than one-third of these patients had grade 3 of oral

mucositis. In contrast, none of the patients in ozone-
treated group 2 had grade 3 of mucositis. One case of grade
3 of mucositis was seen in ozone-treated group 1.

The Mann-Whitney test showed that in all sessions, the
severity of mucositis was higher in the non-ozone-treated
group than in the ozone-treated groups (P < 0.05). Also,
the severity of mucositis was significantly higher in pa-
tients of ozone-treated group 1 than in patients of ozone-
treated group 2 (P-value < 0.05; Table 4).

The severity of the pain reported by the patients was
recorded in sessions 1, 5, 10, 15, 20, and 25, as well as the end
of radiotherapy in the non-ozone-treated group and the re-
cipients of ozonated water. The results are shown in Table
5. The Kruskal-Wallis H test showed that the non-ozone-
treated group significantly had the most pain scores, fol-
lowed by ozone-treated group 1 and ozone-treated group 2
groups in most of the secessions except the first session (P
> 0.05). It means that session fifth to the 30th season, non-
ozone-treated patients experienced more severe pain than
ozone-treated patients.

The Kruskal-Wallis H test also showed that there was
a statistically significant difference in the Visual Analog
Scale scores in sessions 5, 10, 15, 20, 25, and 30 between the
different groups (Table 5). However, there was no statisti-
cally significant difference in the Visual Analog Scale score
in session 1 (χ2 (2) = 1.022, P = 0.6).

As vividly appeared in Table 5, ozone-treated group 2
patients reported lower pain scores in all sessions than
patients in the two other groups. Patients in group 1 ex-
perienced less pain in all sessions than non-ozone-treated
patients but more than patients in group 2. Finally, non-
ozone-treated patients reported more severe pain than
ozone-treated groups 1 and 2.

The reported PVAS scores were gradually increased
over time (Figure 1). However, the increment was sharper
for the non-ozone treated group than for the other groups.

5. Discussion

In the present study, the degree of oral mucositis dif-
fered significantly in all the evaluated sessions between
the study groups (P < 0.05), except for the first session (P
> 0.05). Ozone-treated groups had a lower degree of oral
mucositis than the non-ozone-treated group (P < 0.05).
In addition, the severity of pain was significantly lower in
the ozone-treated groups (P < 0.05). Also, exposure to a
higher amount of ozonated water resulted in a lower de-
gree of mucositis and pain in the oral cavity, as observed
in the ozone-treated group 2 that rinsed their mouth with
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Table 2. The Background Characteristics of the Study Groups a

Patients Total Control Ozone-treated 1 Ozone-treated 2 P-Value

Total 93 (100) 31 31 31

Gender 0.25

Male 57 (61.3) 20 (64.5) 20 (64.5) 17 (54.8)

Female 36 (38.7) 11 (35.5) 12 (35.5) 14 (45.2)

Age 93 (50.81) 31(50.64) 31(51.19) 31(50.61) 0.79

Smoking 0.44

Yes 35 (37.6) 12 (38.7) 12 (38.7) 11 (35.5)

No 58 (62.4) 19 (61.3) 19 (61.3) 20 (64.5)

Diabetes 0.34

Yes 29 (31.2) 10 (32.3) 11 (35.5) 8 (25.8)

No 64 (68.8) 21 (67.7) 20 (64.5) 23 (74.2)

Corticosteroid 0.41

Yes 8 (8.6) 3 (9.7) 3 (9.7) 2 (6.5)

No 85 (91.4) 28 (90.3) 28 (90.3) 29 (93.5)

aValues are expressed as No. (%).
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Figure 1. Mean Pain Visual Analog Scale scores reported by patients in three groups

ozonated water for three minutes and then swallowed
it. During the study, only one patient from ozone-treated
group 2 was excluded from the study in session 15 because
of coronavirus disease 2019 (COVID-19). This was aligned
with previous studies that showed the potential efficacy
of ozonated water for pain reduction (25) and preemptive
agents (chemotherapy-induced toxicity) (26). The positive
effects of ozonated water in periodontitis have been shown

in previous studies (27, 28). Furthermore, it was revealed
that ozone therapy can be applied to periodontal therapy
(29).

The local factors interfering with this healing process
are lack of oxygen supply, local infection, and the presence
of foreign bodies. Systemic factors that may be influential
include age, gender, circulatory disorders, immune con-
dition, nutritional status, systemic disease, concomitant
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Table 3. Radiation Therapy Oncology Group Grading (RTOG) Values Corresponding to Radiotherapy Sessions a

Groups Non-ozone-treated Ozone-treated 1 Ozone-treated 2 P-Value

Total 31 (100) 31 (100) 31 (100)

First session 0.32

Grade 0 29 (93.5) 31 (100) 31 (100)

Grade 1 2 (6.5) 0 (0.0) 0 (0.0)

Fifth session 0.000

Grade 0 11 (35.5) 28 (90.3) 31 (100)

Grade 1 20 (64.5) 3 (9.7) 0 (0.0)

10th session 0.000

Grade 0 5 (16.1) 22 (71) 30 (96.8)

Grade 1 26 (83.9) 9 (29) 1 (3.2)

15th session 0.000

Grade 0 0 (0.0) 8 (25.8) 18 (58.1)

Grade 1 25 (806.) 23 (74.2) 13 (41.9)

Grade 2 6 (19.4) 0 (0.0) 0 (0.0)

20th session 0.000

Grade 0 0 (0.0) 3 (9.7) 5 (16.7)

Grade 1 16 (51.6) 27 (87.1) 25 (83.3)

Grade 2 15 (48.4) 1 (3.2) 0 (0.0)

25th session 0.000

Grade 0 0 (0.0) 2 (6.5) 1 (3.3)

Grade 1 6 (19.4) 24 (77.4) 28 (93.3)

Grade 2 24 (77.4) 5 (16.1) 1 (3.3)

Grade 3 1 (3.2) 0 (0.0) 0 (0.0)

30th session 0.000

Grade 0 0 (0.0) 1 (3.2) 0 (0.0)

Grade 1 0 (0.0) 13 (41.9) 22 (73.3)

Grade 2 21 (67.7) 16 (51.6) 8 (26.7)

Grade 3 10 (32.3) 1 (3.2) 0 (0.0)

First to 30th session 0.000

Grade 0 0 (0.0) 1 (3.2) 0 (0.0)

Grade 1 2 (6.5) 13 (41.9) 22 (73.3)

Grade 2 19 (61.3) 16 (51.6) 8 (26.7)

Grade 3 10 (32.3) 1 (3.2) 0 (0.0)

aValues are expressed as No. (%).

Table 4. Comparison of Radiation Therapy Oncology Group Grading (RTOG) Between Study Groups

Sessions Non-ozone-treated Ozone-treated 1 Ozone-treated 2 P-Value

First-30th 2.2 ± 0.57 1.5 ± 0.62 1.2 ± 0.44 < 0.05

aValues are expressed as Mean ± SD.
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Table 5. Comparison of Visual Analog Scale Scores Reported by Patients Among Study Groups

Groups Mean Rank χ2 P-Value

5th session 22.297 < 0.0005

Non-ozone-treated 60.34

Ozone-treated 1 45.16

Ozone-treated 2 35.50

10th session 40.917 < 0.0005

Non-ozone-treated 67.85

Ozone-treated 1 50.48

Ozone-treated 2 22.66

15th session 23.742 < 0.0005

Non-ozone-treated 65.35

Ozone-treated 1 49.66

Ozone-treated 2 25.98

20th session 33.741 < 0.0005

Non-ozone-treated 70.05

Ozone-treated 1 47.69

Ozone-treated 2 23.26

25th session 31.282 < 0.0005

Non-ozone-treated 65.71

Ozone-treated 1 51.11

Ozone-treated 2 24.18

30th session 45.208 < 0.0005

Non-ozone-treated 66.05

Ozone-treated 1 53.42

Ozone-treated 2 21.53

use of drugs such as steroids, and anti-cancer drugs (30).
At the cellular level, exposure to ionizing radiation leads
to the generation of free radicals (reactive oxygen species
and active nitrogen species), breakage of DNA, and acti-
vation of transcription factors nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-κB). Besides, im-
mune cells produce anti-inflammatory cytokines that ex-

acerbate tissue damage and cell death (tumor necrosis fac-
tor [TNF-α], interleukin-1 [IL-1], and IL-6) (31).

Head and neck malignancies account for four to five
percent of all malignancies and are more common in men
over 40 years of age. Due to the severity and extent of ma-
lignancies in this area, treatment includes lesion surgery,
chemotherapy, and radiation (32). Radiation can be asso-
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ciated with atrophy, inflammation, and atypical epithelial
cells as mucositis. Oral mucositis is a condition of inflam-
mation, redness, and mouth ulcers that can be accompa-
nied by pain, difficulty swallowing, and difficulty speech.
At the same time, it increases the risk of bacterial and fun-
gal infections (33). Cancer-induced mucositis is defined as
secondary mucosal damage due to cancer treatment with
radiation therapy or chemotherapy. This condition can be
toxic, severe, dose-dependent, debilitating, and is usually
delayed by cancer treatment (34). The risk of oral mucosi-
tis due to cancer treatment has been reported to be 100%
among patients receiving radiation therapy in the head
and neck area (7).

New therapies for mucositis are now emerging.
Sheibani et al. looked at the effects of benzydamine
mouthwash to relieve the symptoms of radiation-induced
mucositis. They showed that mouthwash was well toler-
ated by patients, and after four weeks of use, the symptoms
reported in the placebo group were higher than in the
benzydamine mouthwash group (35). Pawar et al. studied
the effect of Samital, a plant product, on oral mucositis
caused by chemo/radiotherapy. Their results showed
that from day 31 until the end of treatment, Samital re-
duced symptoms and pain caused by mucositis, but no
significant differences were observed between the groups
(20). Various studies have evaluated the sedative effects
of antidepressants on mucositis. These drugs, such as
amifostine, vitamin E, polyphenols, tempol (from nitric
oxide), and zinc, by reducing free radicals, can lead to
the improvement and reduction of various symptoms
(36). However, the results are somewhat inconsistent, and
more comprehensive studies are needed to obtain further
evidence. MuGard or mucoadhesive hydrogel is another
product that has been used to treat oral mucositis in
patients receiving radiotherapy and chemotherapy in the
head and neck area. MuGard use in the study conducted
by Allison showed to delay the progression of mucositis.
In this study, MuGard was compared with the non-ozone
treatment group that used sham control rinse (21). The
most common treatment today is supportive therapy to
relieve symptoms. Rinsing the mouth with normal saline
serum, salivary enhancers such as pilocarpine and also
diphenhydramine is usually prescribed to reduce mucosal
pain (7).

The effect of ozone-containing oils on fibroblast mi-
gration to wound-healing was demonstrated so that the
use of ozone for 12 days, every two days, by activating the
PI3K/Akt/mTOR signaling pathway, led to an increase in fi-
broblast migration (22). Ripamonti used ozone-containing

oils to treat osteonecrosis of the jaw caused by the use of
bisphosphonates. It was shown that 10-min use of ozone
three to 10 times a day for 10 days eliminated the effects of
osteonecrosis and restored the structure of the mouth to
normal (37). Günaydın examined the effect of ozone cyto-
toxicity on the l929 cell class. The use of ozone at concen-
trations of 2900 - 2700 mL equivalent of peroxide on this
cell category derived from neoplastic mouse fibroblasts
did not result in cell death. But, higher concentrations led
to cell death, which was statistically significant. Finally, it
was concluded that the short-term use of ozone did not
have cytotoxic effects (38). This finding proves the safety of
ozone in medical uses. Clavo et al. co-administered ozone
locally with radiotherapy in patients with prostate cancer.
In this group, rectal bleeding, which is a common compli-
cation in these patients, was significantly reduced. Clavo
et al. looked at the effects of systemic ozone on patients
with head and neck cancer who were on radiotherapy and
chemotherapy. In all participants, oxygen delivery to the
cancerous tissue increased significantly. They suggested
the use of ozone in the treatment of patients receiving ra-
diation therapy and chemotherapy (12).

5.1. Limitations

In this study, ozonated water therapy was used at the
request of patients to spin water in their mouth for one
minute in ozone-treated group 1 and three minutes in
ozone-treated group 2 before and after each radiotherapy
session for 30 sessions. One of the disadvantages of this
study is that there was no specific or standard way to use
ozone therapy in the oral cavity. Therefore, there is a need
for a precise method of administration of ozone in the oral
cavity. Also, more samples and a longer study period could
help achieve more reliable results. Specifying the malig-
nancy type also may be advantageous. It is also advised
to compare ozone with other supportive and therapeutic
methods for mucositis, such as laser therapy. Finally, more
randomized clinical trials and cohort studies are needed to
confirm the results of this study.

5.2. Conclusions

The use of ozonated water in patients with head and
neck malignancy can reduce the pain severity and oral
mucositis induced by radiotherapy. More exposure to
ozonated water and also swallowing it was more effective.
In general, patients who used ozonated water during ra-
diotherapy sessions felt less discomfort in the oral cavity.
Therefore, it seems that ozonated water can be considered
a preemptive agent for pain and mucositis.

Arch Neurosci. 2021; 8(4):e118914. 7



Ghorbani F et al.

Acknowledgments

We thank our colleagues from the Ozone Therapy Cen-
ter of Baqiyatallah hospital, who provided insight and ex-
pertise, as well as the ozonated water mouth rinse that
greatly assisted the research.

Footnotes

Authors’ Contribution: Study concept and design: F. G.
and M. Y.; Analysis and interpretation of data: F. G., M. Y.,
E.T., M.I., and B.M.; Drafting of the manuscript: F. G. and
M.Y.; Critical revision of the manuscript for important in-
tellectual content: F. G., M. Y., E. T., M.I., and B.M.; Statis-
tical analysis: F.G., M.Y., and H.A.V.; Re-analysis the clin-
ical and statistical data and revision of the manuscript:
M.Y, F.G, and H.A.V. All authors read and approved the final
manuscript.

Conflict of Interests: The authors declare no conflict of
interest.

Data Reproducibility: The data presented in this study
are openly available in one of the repositories or will be
available on request from the corresponding author by
this journal representative at any time during submission
or after publication. Otherwise, all consequences of possi-
ble withdrawal or future retraction will be with the corre-
sponding author.

Ethical Approval: This study was approved by Baqiyatal-
lah University of Medical Sciences (Biomedical Research
Ethics Committee code = 91002655)

Funding/Support: This research was funded by Baqiyatal-
lah University of Medical Sciences.

Informed Consent: It was not declared by the authors.

References

1. Wyss A, Hashibe M, Chuang SC, Lee YC, Zhang ZF, Yu GP, et al.
Cigarette, cigar, and pipe smoking and the risk of head and
neck cancers: pooled analysis in the International Head and Neck
Cancer Epidemiology Consortium. Am J Epidemiol. 2013;178(5):679–
90. doi: 10.1093/aje/kwt029. [PubMed: 23817919]. [PubMed Central:
PMC3755640].

2. Cramer JD, Burtness B, Le QT, Ferris RL. The changing therapeutic
landscape of head and neck cancer.Nat Rev ClinOncol. 2019;16(11):669–
83. doi: 10.1038/s41571-019-0227-z. [PubMed: 31189965].

3. Menzin J, Lines LM, Manning LN. The economics of squamous cell
carcinoma of the head and neck. Curr Opin Otolaryngol Head Neck
Surg. 2007;15(2):68–73. doi: 10.1097/MOO.0b013e328017f669. [PubMed:
17413405].

4. Rohani B, Pourfar K, Pourshahidi H, Ebrahimi SH. Oral manifestation
of hematologic malignancies. Jundishapur Sci Med J. 2015;14:477–85.

5. Sohn H, Park E, Jung Y, Lee E, Lee H, Kim E. A study on oral
health-related quality of life following radiotherapy in patients with
head and neck cancer. J Korean Acad Oral Health. 2017;41(2). doi:
10.11149/jkaoh.2017.41.2.110.

6. Lal P, Nautiyal V, Verma M, Yadav R, Maria Das KJ, Kumar S. Objec-
tive and subjective assessment of xerostomia in patients of locally ad-
vanced head-and-neck cancers treated by intensity-modulated radio-
therapy. J Cancer Res Ther. 2018;14(6):1196–201. doi: 10.4103/jcrt.JCRT_-
200_17. [PubMed: 30488829].

7. Lalla RV, Bowen J, Barasch A, Elting L, Epstein J, Keefe DM, et al.
MASCC/ISOO clinical practice guidelines for the management of
mucositis secondary to cancer therapy. Cancer. 2014;120(10):1453–
61. doi: 10.1002/cncr.28592. [PubMed: 24615748]. [PubMed Central:
PMC4164022].

8. Alam M, Armstrong A, Baum C, Bordeaux JS, Brown M, Busam
KJ. Guidelines of care for the management of cutaneous squa-
mous cell carcinoma. J Am Acad Dermatol. 2018;78(3):560–78. doi:
10.1016/j.jaad.2017.10.007. [PubMed: 29331386]. [PubMed Central:
PMC6652228].

9. MI R, Gomaa H, MI M, Zaki B. Management of aggressive periodontitis
using ozonized water. Egypt Med JNR C. 2005;6(1):229–45.

10. Nogales CG, Ferrari PH, Kantorovich EO, Lage-Marques JL. Ozone ther-
apy in medicine and dentistry. J Contemp Dent Pract. 2008;9(4):75–84.
[PubMed: 18473030].

11. Dogan R, Hafiz AM, Kiziltan HS, Yenigun A, Buyukpinarbaslili N, Eris
AH, et al. Effectiveness of radiotherapy+ozone on tumoral tissue and
survival in tongue cancer rat model.AurisNasusLarynx. 2018;45(1):128–
34. doi: 10.1016/j.anl.2017.03.017. [PubMed: 28390748].

12. Clavo B, Santana-Rodriguez N, Llontop P, Gutierrez D, Ceballos
D, Mendez C, et al. Ozone Therapy in the Management of Per-
sistent Radiation-Induced Rectal Bleeding in Prostate Cancer
Patients. Evid Based Complement Alternat Med. 2015;2015:480369.
doi: 10.1155/2015/480369. [PubMed: 26357522]. [PubMed Central:
PMC4556325].

13. Sadrzadeh-Afshar M, Gholizadeh N, Sheykhbahaei N. New Treatment
Approaches of Oral Mucositis: A Review of Literature. Adv Hum Biol.
2016;6(2). doi: 10.4103/2321-8568.190319.

14. Onda T, Hayashi K, Honda H, Ozawa N, Ohata H, Takano N, et
al. Effects of ozone nano-bubble water on mucositis induced by
cancer chemotherapy. Biochem Biophys Rep. 2019;20:100697. doi:
10.1016/j.bbrep.2019.100697. [PubMed: 31692631]. [PubMed Central:
PMC6806368].

15. Almaz ME, Sonmez IS. Ozone therapy in the management and
prevention of caries. J Formos Med Assoc. 2015;114(1):3–11. doi:
10.1016/j.jfma.2013.06.020. [PubMed: 23969041].

16. Ari G, Vijayaraj S, Rajendran S, Mahendra J, Priya K L. Role of ozone
therapy in the management of periodontal diseases. IP Int J Periodon-
tol Implantol. 2020;5(4):143–8. doi: 10.18231/j.ijpi.2020.033.

17. Sadatullah S, Mohamed NH, Razak FA. The antimicrobial effect of 0.1
ppm ozonated water on 24-hour plaque microorganisms in situ. Braz
Oral Res. 2012;26(2):126–31. doi: 10.1590/s1806-83242012000200007.
[PubMed: 22473347].

18. Peters LJ, Goepfert H, Ang K, Byers RM, Maor MH, Guillamondegui O, et
al. Evaluation of the dose for postoperative radiation therapy of head
and neck cancer: First report of a prospective randomized trial. Int J
Radiat Oncol Biol Phys. 1993;26(1):3–11. doi: 10.1016/0360-3016(93)90167-
t.

19. Ang K, Trotti A, Brown BW, Garden AS, Foote RL, Morrison WH, et al.
Randomized trial addressing risk features and time factors of surgery
plus radiotherapy in advanced head-and-neck cancer. Int J Radiat On-
col Biol Phys. 2001;51(3):571–8. doi: 10.1016/s0360-3016(01)01690-x.

8 Arch Neurosci. 2021; 8(4):e118914.

http://dx.doi.org/10.1093/aje/kwt029
http://www.ncbi.nlm.nih.gov/pubmed/23817919
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3755640
http://dx.doi.org/10.1038/s41571-019-0227-z
http://www.ncbi.nlm.nih.gov/pubmed/31189965
http://dx.doi.org/10.1097/MOO.0b013e328017f669
http://www.ncbi.nlm.nih.gov/pubmed/17413405
http://dx.doi.org/10.11149/jkaoh.2017.41.2.110
http://dx.doi.org/10.4103/jcrt.JCRT_200_17
http://dx.doi.org/10.4103/jcrt.JCRT_200_17
http://www.ncbi.nlm.nih.gov/pubmed/30488829
http://dx.doi.org/10.1002/cncr.28592
http://www.ncbi.nlm.nih.gov/pubmed/24615748
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4164022
http://dx.doi.org/10.1016/j.jaad.2017.10.007
http://www.ncbi.nlm.nih.gov/pubmed/29331386
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6652228
http://www.ncbi.nlm.nih.gov/pubmed/18473030
http://dx.doi.org/10.1016/j.anl.2017.03.017
http://www.ncbi.nlm.nih.gov/pubmed/28390748
http://dx.doi.org/10.1155/2015/480369
http://www.ncbi.nlm.nih.gov/pubmed/26357522
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4556325
http://dx.doi.org/10.4103/2321-8568.190319
http://dx.doi.org/10.1016/j.bbrep.2019.100697
http://www.ncbi.nlm.nih.gov/pubmed/31692631
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6806368
http://dx.doi.org/10.1016/j.jfma.2013.06.020
http://www.ncbi.nlm.nih.gov/pubmed/23969041
http://dx.doi.org/10.18231/j.ijpi.2020.033
http://dx.doi.org/10.1590/s1806-83242012000200007
http://www.ncbi.nlm.nih.gov/pubmed/22473347
http://dx.doi.org/10.1016/0360-3016(93)90167-t
http://dx.doi.org/10.1016/0360-3016(93)90167-t
http://dx.doi.org/10.1016/s0360-3016(01)01690-x


Ghorbani F et al.

20. Pawar D, Neve RS, Kalgane S, Riva A, Bombardelli E, Ronchi M, et
al. SAMITAL(R) improves chemo/radiotherapy-induced oral mucosi-
tis in patients with head and neck cancer: results of a random-
ized, placebo-controlled, single-blind Phase II study. Support Care
Cancer. 2013;21(3):827–34. doi: 10.1007/s00520-012-1586-5. [PubMed:
22945882].

21. Allison RR, Ambrad AA, Arshoun Y, Carmel RJ, Ciuba DF, Feldman
E, et al. Multi-institutional, randomized, double-blind, placebo-
controlled trial to assess the efficacy of a mucoadhesive hydrogel
(MuGard) in mitigating oral mucositis symptoms in patients being
treated with chemoradiation therapy for cancers of the head and
neck. Cancer. 2014;120(9):1433–40. doi: 10.1002/cncr.28553. [PubMed:
24877167]. [PubMed Central: PMC4164024].

22. Xiao W, Tang H, Wu M, Liao Y, Li K, Li L, et al. Ozone oil promotes wound
healing by increasing the migration of fibroblasts via PI3K/Akt/mTOR
signaling pathway. Biosci Rep. 2017;37(6). doi: 10.1042/BSR20170658.
[PubMed: 28864782]. [PubMed Central: PMC5678031].

23. Villa A, Vollemans M, De Moraes A, Sonis S. Concordance of the
WHO, RTOG, and CTCAE v4.0 grading scales for the evaluation
of oral mucositis associated with chemoradiation therapy for the
treatment of oral and oropharyngeal cancers. Support Care Can-
cer. 2021;29(10):6061–8. doi: 10.1007/s00520-021-06177-x. [PubMed:
33788003].

24. World Health Organization. Handbook for reporting results of cancer
treatment. World Health Organization,; 1979.

25. Veneri F, Bardellini E, Amadori F, Conti G, Majorana A. Efficacy of
ozonized water for the treatment of erosive oral lichen planus:
a randomized controlled study. Med Oral Patol Oral Cir Bucal.
2020;25(5):e675–82. doi: 10.4317/medoral.23693. [PubMed: 32683383].
[PubMed Central: PMC7473429].

26. Clavo B, Rodriguez-Esparragon F, Rodriguez-Abreu D, Martinez-
Sanchez G, Llontop P, Aguiar-Bujanda D, et al. Modulation of Oxida-
tive Stress by Ozone Therapy in the Prevention and Treatment of
Chemotherapy-Induced Toxicity: Review and Prospects. Antioxidants
(Basel). 2019;8(12). doi: 10.3390/antiox8120588. [PubMed: 31779159].
[PubMed Central: PMC6943601].

27. Kshitish D, Laxman VK. The use of ozonated water and 0.2% chlorhex-
idine in the treatment of periodontitis patients: A clinical and mi-
crobiologic study. Indian JDent Res. 2010;21(3):341–8. doi: 10.4103/0970-
9290.70796. [PubMed: 20930341].

28. MI R, Gomaa HE, MI M, Zaki BM. Management of aggressive periodon-
titis using ozonized water. Egypt Med JNR C. 2005;6(1):229–45.

29. Al Habashneh R, Alsalman W, Khader Y. Ozone as an adjunct to con-

ventional nonsurgical therapy in chronic periodontitis: a random-
ized controlled clinical trial. J Periodontal Res. 2015;50(1):37–43. doi:
10.1111/jre.12177. [PubMed: 24665871].

30. Guo S, Dipietro LA. Factors affecting wound healing. J Dent
Res. 2010;89(3):219–29. doi: 10.1177/0022034509359125. [PubMed:
20139336]. [PubMed Central: PMC2903966].

31. Freitas Cuba L, Salum F, Cherubini K, de Figueiredo M. Antioxidant
agents: A future alternative approach in the prevention and treat-
ment of radiation-induced oral mucositis. Altern Ther Health Med.
2015;21(2):36–41.

32. Sonis ST. Oral mucositis in head and neck cancer: risk, biology, and
management. Am Soc Clin Oncol Educ Book. 2013;33(1). doi: 10.1200/Ed-
Book_AM.2013.33.e236. [PubMed: 23714511].

33. Al-Dasooqi N, Sonis ST, Bowen JM, Bateman E, Blijlevens N, Gibson
RJ, et al. Emerging evidence on the pathobiology of mucositis. Sup-
port Care Cancer. 2013;21(7):2075–83. doi: 10.1007/s00520-013-1810-y.
[PubMed: 23604521].

34. Al-Dasooqi N, Sonis S, Bowen J, Bateman E, Blijlevens N, Gibson R.
Mucositis Study Group of Multinational Association of Supportive
Care in Cancer/International Society of Oral Oncology (MASCC/ISOO).
Emerging evidence on the pathobiology of mucositis. Support Care
Cancer. 2013;21(7):2075–83. doi: 10.1007/s00520-019-04893-z. [PubMed:
31286231].

35. Sheibani KM, Mafi AR, Moghaddam S, Taslimi F, Amiran A, Ameri A. Ef-
ficacy of benzydamine oral rinse in prevention and management of
radiation-induced oral mucositis: A double-blind placebo-controlled
randomized clinical trial. Asia Pac J Clin Oncol. 2015;11(1):22–7. doi:
10.1111/ajco.12288. [PubMed: 25471468].

36. Bossi P, Numico G, De Santis V, Ruo Redda MG, Reali A, Belgioia L, et
al. Prevention and treatment of oral mucositis in patients with head
and neck cancer treated with (chemo) radiation: report of an Italian
survey. Support Care Cancer. 2014. doi: 10.1007/s00520-014-2166-7.

37. Ripamonti CI, Cislaghi E, Mariani L, Maniezzo M. Efficacy and
safety of medical ozone (O(3)) delivered in oil suspension ap-
plications for the treatment of osteonecrosis of the jaw in pa-
tients with bone metastases treated with bisphosphonates: Prelim-
inary results of a phase I-II study. Oral Oncol. 2011;47(3):185–90. doi:
10.1016/j.oraloncology.2011.01.002. [PubMed: 21310650].

38. Günaydın Y, Sevim H, Tanyolaç D, Gürpınar ÖA. Ozonated Olive Oil
with a High Peroxide Value for Topical Applications: In-Vitro Cyto-
toxicity Analysis with L929 Cells. Ozone Sci Eng. 2017;40(1):37–43. doi:
10.1080/01919512.2017.1341832.

Arch Neurosci. 2021; 8(4):e118914. 9

http://dx.doi.org/10.1007/s00520-012-1586-5
http://www.ncbi.nlm.nih.gov/pubmed/22945882
http://dx.doi.org/10.1002/cncr.28553
http://www.ncbi.nlm.nih.gov/pubmed/24877167
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4164024
http://dx.doi.org/10.1042/BSR20170658
http://www.ncbi.nlm.nih.gov/pubmed/28864782
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5678031
http://dx.doi.org/10.1007/s00520-021-06177-x
http://www.ncbi.nlm.nih.gov/pubmed/33788003
http://dx.doi.org/10.4317/medoral.23693
http://www.ncbi.nlm.nih.gov/pubmed/32683383
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7473429
http://dx.doi.org/10.3390/antiox8120588
http://www.ncbi.nlm.nih.gov/pubmed/31779159
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6943601
http://dx.doi.org/10.4103/0970-9290.70796
http://dx.doi.org/10.4103/0970-9290.70796
http://www.ncbi.nlm.nih.gov/pubmed/20930341
http://dx.doi.org/10.1111/jre.12177
http://www.ncbi.nlm.nih.gov/pubmed/24665871
http://dx.doi.org/10.1177/0022034509359125
http://www.ncbi.nlm.nih.gov/pubmed/20139336
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2903966
http://dx.doi.org/10.1200/EdBook_AM.2013.33.e236
http://dx.doi.org/10.1200/EdBook_AM.2013.33.e236
http://www.ncbi.nlm.nih.gov/pubmed/23714511
http://dx.doi.org/10.1007/s00520-013-1810-y
http://www.ncbi.nlm.nih.gov/pubmed/23604521
http://dx.doi.org/10.1007/s00520-019-04893-z
http://www.ncbi.nlm.nih.gov/pubmed/31286231
http://dx.doi.org/10.1111/ajco.12288
http://www.ncbi.nlm.nih.gov/pubmed/25471468
http://dx.doi.org/10.1007/s00520-014-2166-7
http://dx.doi.org/10.1016/j.oraloncology.2011.01.002
http://www.ncbi.nlm.nih.gov/pubmed/21310650
http://dx.doi.org/10.1080/01919512.2017.1341832

	Abstract
	1. Background
	2. Objectives
	3. Methods
	Table 1

	4. Results
	Table 2
	Table 3
	Table 4
	Table 5
	Figure 1

	5. Discussion
	5.1. Limitations
	5.2. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

