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ABSTRACT

Objective: To evaluate efficacy of combined therapy with ozonated water and oil on patients with
tinea pedis.
Methods: A total of 60 patients with tinea pedis were divided into 2 groups in a randomized
and blinded test. Patients in a control group were treated with naftinfine hydrochloride and
ketoconazole cream once a day. Patients in an ozone group were treated with ozonated water bath
and then ozonated oil topical application once a day. Patients in the 2 groups were treated for 4
weeks. Clinical and laboratory data were collected for both groups at the end of the 1st week, the
2nd week, and the 4th week. The Pearson chi-square was performed to compare scores of the
clinical signs and symptoms (CSS) and the mycological result between the 2 groups. Independent
samples T-test was performed to compare the curative effect between the 2 groups.
Results: After 4 weeks’ treatment, 6 patients were positive in the control group determined by
mycological examination while 1 patient was positive in the ozone group, with no significant
difference between the 2 groups (P>0.05). Changes in CSS at the end of the 1st week, 2nd week,
and 4th week were obtained and showed no significant difference between the 2 groups at the 3
different time points (P>0.05). No side effects were observed.
Conclusion: Combination of ozonated water with oil is effective on treatment of tinea pedis and it
shows no side effects.
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[摘要] 目的：观察臭氧水联合臭氧油治疗足癣的临床疗效和不良反应。方法：60例确诊为足癣的患者随机被分
为对照组和臭氧组。对照组患者足癣用自来水清洗后用萘替芬酮康唑软膏外涂，每日1次；臭氧组患者足癣用臭氧水
清洗后外涂臭氧油，每日1次；均治疗4周。在治疗第1，2和4周结束时，分别采集临床评分数据评价患者病情的改善
情况；并在治疗前、治疗第4周末进行真菌镜检，评估真菌感染的情况。结果：治疗4周后，真菌镜检结果显示臭氧
组1例阳性，对照组6例阳性，两组间真菌镜检阳性率比较差异无统计学意义(P>0.05)。第1，2，4周的临床评分比较
显示不同时间点两组治疗效果差异无统计学意义(P>0.05)。结论：臭氧水联合臭氧油外用治疗足癣有效，且无不良
反应。
[关键词] 足癣；臭氧水；臭氧油；萘替芬酮康唑软膏

Tinea pedis, the most common dermatological
disease, is a superficial fungal infection of the plantar
surface and it can provide a portal of entry for secondary
bacterial infection, resulting in profound complications and
morbidity. The prevalence of tinea pedis has increased over
the last several decades due to an increase in urbanization
and the use of sports and fitness facilities. Both the
incidence rate and recurrence rate are over 50% in south of
China due to the humidity and local living habit—wearing
occlusive footwear [1]. One investigation [2] in Chinese
urban region showed that patients with tinea pedis can
relapse 4 times within a year, and it can significantly impact
on patients’ quality of life and emotional well-being.
Classical therapies for tinea pedis are local
application, system agents and combination of medication.
Ninety percent patients in China prefer to topical
application to tinea pedis [2]. Conventional drugs like
naftifine hydrochloride and ketoconazole cream are
common used for topical treatment, but they are usually
having side effect of antibiotic, cannot cure secondary
bacterial infection, need complex combination of different
drugs, or difficult to accommodate all types of tinea
pedis[3-6]. Therefore, it is urgent to pursue a new highefficiency and safety therapy for tinea pedis.
Ozone is the natural existence of a strong oxidizing
bactericide that can quickly remove or killing bacterium,
fungi, virus, with wide clinical use [7]. Ozone can be
employed as a bactericidal agent under various forms, such
as ozonized water[8], ozonized oil, ozone associated with
other substances, and more frequently the gaseous O3/
O2 mixture. Ozonated water and oil can kill Staphylococcus
and Candida quickly, to accelerate the anti-inflammatory
and antipruritic effect [9-11] . Ozonated sunflower oil
has been tested to treat tinea pedis in clinical trials[12].
Ozonated water soaking was high-efficient in treating tinea
pedis patients in Guangdong Province, south of China[13].
Besides, at the young age mouse model, ozone can

accelerate wound healing, since ozone can increase TGF-β
expression which is crucial for tissue remodeling[14]. From
above, ozone treatment seems to be a ideal solution for
tinea pedis. So, in this study, we designed a clinical trial to
evaluate the efficacy of the combination of ozonated water
and oil in treating tinea pedis.

1 Patients and methods
1.1 Patients
A controlled randomized study was carried out,
comparing ozonated water and oil with the recognized
ant imycot ic dr ug naf t inf ine hydrochlor ide and
ketoconazole. A total of 60 outpatients were clinically
(presenceof maceration, desquamation, fissures, erythema,
vesicles and ⁄or pruritus) and mycologically (positive
mycological of skin) diagnosed as tinea pedis. Patients
were divided into 2 groups, using a randomized list (n=30
for each).
The ozone group: Patients washed their feet with
ozonated water for 10 minutes and immersed their feet in
a bath tub containing ozonated water for 20 minutes, and
then applied ozonated oil, once a day, for 4 weeks.
The control group: Patients applied naftinfine
hydrochloride and ketoconazole cream after cleaning with
water, once a day, for 4 weeks[15].
Inclusion criteria: 1) Age between 12 and 70 years
old, 2) Microscopic fungi were positive, 3) Tinea pedis
was diagnosed according to the clinical manifestation,
4) Patient voluntarily joined this study with informed
consents.
Exclusion criteria: 1) The local severe bacterial
infections or interference treatment for other skin disease,
2) Pyrrole drug allergy, 3)Severe disease, e.g. chronic
obstructive pulmonary disease, 4) Long-term use of
corticosteroids or within 2 weeks of topical antifungal
drug, 5) During the treatment of other antifungal drugs, 6)
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Pregnant woman or lactating women.
The age range was from 18 to 60 years, including
12 males and 48 females. No significant difference in age
and sex between the ozone group and the control group
(P>0.05). The participants voluntarily joined this study
after signing informed consent forms.

and the mycological result between the 2 groups. Using
independent samples t-test to compare the curative effect
between the 2 groups. P<0.05 was considered statistically
significant.

1.2 Materials
Ozonated oil was provided by Hunan Health Care
Technology Co. Ltd. Ozonated water was created by
Ozone Water Generating Instrument (Hunan Health Care
Technology Co. Ltd.) at the Department of Dermatology
of the Third Xiangya Hospital.
Naftinfine hydrochloride and ketoconazole cream
was from Chongqing Hua Bang Pharmaceutical Ltd.
Company (Batch number: H20051949).

2.1 Mycological examination result
After 4 weeks’ treatment, 6 patients in the control
group were positive while 1 patient in the ozone group was
positive in mycological examination (Figure 1). There was
no significant difference between the 2 groups (χ2=0.35,
P>0.05).

1.5 Clinical signs and symptoms score
Each clinical sign or symptom was assessed
separately. The investigator evaluated the severity of each
sign or symptom over the entire target foot.
Clinical signs and symptoms score (CSS)=(CSS
before treatment–CSS after treatment)/CSS before
treatment. Cured, change rate of CSS=100%; improved,
60%≤change rate of CSS<100%; same, 20% ≤change
rate of CSS<60%; worse, change rate of CSS<20%.
1.6 Statistical analysis
The data were analyzed with SPSS 19.0 software.
Analysis was performed using the Pearson chi-square to
compare scores of total clinical signs and symptoms (s/s)

40
Positive rate of mycological
examination/%

1.4 Comprehensive evaluation of therapeutic
efficiency
Clinical signs and symptoms including erythema,
papula, vesicle, scale, soak and erosion, pruritus were
evaluated by the investigator and recorded at the end of
the 1st, 2nd and 4th week according to a 4-point scale
(0=absent, 1=mild, 2=moderate, 3=severe)[12]. Adverse
events were collected throughout the study.

2.2 Comparison of CSS change rate between
the ozone and control group
Changes of CSS at the end of the 1st, 2nd, and 4th
week were obtained (Figure 2), showed no significant
difference between the ozone group and the control group
at the 3 different time points (P>0.05).

Before the treatment
After the treatment
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Figure 1 Mycological examination after 4-week treatment
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1.3 Mycological examination
We collected specimens of the skin lesion from the
patient and put it on a glass slide. One drop of 10% KOH
was added to dissolve the sample, then observed the fungal
mycel or spore under microscope. Fungal mycel or spore
was considered to be positive sign of fungal infection.

2 Results

Ozone
100
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1st week

2nd week
4th week
Time points of treatment

Figure 2 CSS change rate at diﬀerent treating time points

2.3 Total clinical effect
After the 1st, 2nd, and 4th week, the percentages of
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cured, improved, same, and worse patients were calculated,
and the significant differences in constituent ratios of
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clinical effect were not found between the ozone group
and the control group (P>0.05, Figure 3).
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Figure 3 Total compositive clinical eﬀect
A: First week; B: Second week; C: Fourth week

3 Discussion
The investigation showed the evaluation of efficacy
of ozonated water and oil as germicidal agents against
tinea pedis. In this study, 29 patients in the mycological
examination were negative and 1 patient was positive in the
ozone group, while 24 were negative and 6 were positive
in the control group, with no significant differences
between the 2 groups. In the whole trail, 1 patient had
desquamation of skin after topical application of ozone,
and after a few days later, the symptoms disappeared,
without affecting the normal use of drugs. No obvious
side effects were observed in the ozone group. Topical
application of ozone is an effective treatment for tinea
pedis when compared with local application of naftifine
hydrochloride and ketoconazole cream.
Tinea pedis, a worldwide spread fungus infection
disease, with a high morbidity and high recurrence, is used
to be treated with antifungal drugs. But most of synthetic
antifungal drugs had side effects especially when they
were used in a long-term application. One of alternative
treatments to conventional treatment is topical ozone
therapy. The clinical application of ozone is only a history
of a few decades, but it shows the advantages in many ways.
Ozone gas has been used to treat trichophytonrubrum
and trichophytonmentagrophytes, and it can kill more
than 99% of viable fungi presented in various experimental
systems [14]. Gupta et al [15] identified that ozone gas is
effective in sanitizing contaminated footwear. Menéndez
et al [12] comparing topical ozonized sunflower oil and
ketoconazole cream in 200 patients, found no significant
differences between the 2 groups. No side-effects or

bacterial super-infections were observed. They considered
that the ozonated sunflower oil can be an effective
alternative and low-cost antimycotic drug.
In our study, we combined ozonated water and oil
to treat tinea pedis. The ozonated water has cleanout and
convergence effect, while the ozonated oil can moisturize
excessive hyperplasia of skin keratosis. The combination
of flowing ozonated water and ozonated oil have the
incomparable advantages of naftifine hydrochloride and
ketoconazole cream, and better than one form application
of ozone. The experimental results showed that the
ozone treatment for tinea pedis is safe and effective, and
is suitable for various types of tinea pedis, worthy of
promotion and application in clinic.
Conflict of interest: The authors declare that they have no
conflicts of interest to disclose.

References
[1]

王爱平, 高露娟, 席丽艳, 等. 足癣患者治疗现状调查[ J]. 中国
真菌学杂, 2014, 9(6): 335-338.
WANG Aiping, GAO Lujuan, XI Liyan, et al. Current status
investigation of the treatment in tinea pedis[ J]. Chinese Journal of
Mycology, 2014, 9(6): 335-338.

[2]

徐楠, 温海. 足癣复发对患者生活质量的影响[ J]. 中国真菌学
杂志, 2006, 1(3):174-176.
XU Nan, WEN Hai. The influence of tinea pedis recurrence on
patients’ quality of life[ J]. Chinese Journal of Mycology, 2006, 1(3):
174-176.

[3]

胡燕, 杨莉佳, 戴迅毅, 等. 3种抗真菌疗法治疗足癣的疗效比

Efficacy of combination of ozonated water with oil for treatment of tinea pedis LU Jianyun, et al
atrophaeus[ J]. J Infect Public Health, 2012, 5(4): 269-274.

较[ J]. 临床皮肤科杂志, 2008, 37(6): 402-403.
HU Yan, YANG Lijia, DAI Xunyi, et al. Efficacy comparison of 3

[10]

different antimycotic drugs in tinea pedis treatment[ J]. Journal of

[5]

王爱平, 冉玉平, 刘维达, 等. 足癣诊断与治疗专家共识[ J]. 中

47(3): 697-702.
[11]

的疗效及白细胞介素4、神经生长因子检测[ J]. 中华皮肤科

WANG Aiping, RAN Yuping, LIU Weida, et al. Expert consensus:

杂志, 2016, 49(10): 736-738.

The diagnosis and treatment of tinea pedis[ J]. Chinese Journal of

ZHANG Yingbo, XIANG Yaping, HUANG Jinhua, et al. Combined

Mycology, 2007, 2(2): 97-99.

ozone hydrotherapy for atopic dermatitis: evaluation of efficacy and

吴建华, 温海, 陶苏江, 等. 萘替芬酮康唑乳膏治疗足癣209

detection of interleukin-4 and nerve growth factor levels in peripheral

例[ J]. 中国新药与临床杂志, 2006, 25(5): 328-331.

blood from patients before and after treatment[ J]. Chinese Journal

WU Jianhua, WEN Hai, TAO Sujiang, et al. Naftifine/ketoconazole

of Dermatology, 2016, 49(10): 736-738.
[12]

sunflower oil in the treatment of tinea pedis[ J]. Mycoses, 2002,

Nashan D, Knuth UA, Weidinger G, et al. The antimycotic drug

45(8): 329-332.
[13]

察[ J]. 广东医学院学报, 2007,24(4):437-438.

double-blind trial[ J]. Acta Endocrinol (Copenh), 1989, 120(5):

LING Zhixiong, YANG Zifa, LI Aiyan. Treatment effect of

677-681.

dermatomycoses by ozone[ J]. Jounal of Guangdong Medical

Issac AV, Mathew JJ, Ambooken M, et al. Ozone: A multifaceted

College, 2007, 24(4): 437-438.
[14]

2016, 23(4): 304-314.

[9]

凌芝雄, 杨子发, 李爱妍. 臭氧治疗真菌性皮肤病的效果观

pituitary-testicular function of healthy men: a placebo-controlled

molecule with unexpected therapeutic activity[ J]. Curr Med Chem,

[8]

Menéndez S, Falcón L, Simón DR , et al. Efficacy of ozonized

Journal of New Drugs and Clinical Remedy, 2006, 25(5): 328-331.

terbinafine in contrast to ketoconazole lacks acute effects on the

[7]

张英博, 向亚平, 黄进华, 等. 联合臭氧水治疗特应性皮炎患者

国真菌学杂志, 2007, 2(2): 97-99.

cream in treatment of 209 patients with tinea pedis[ J]. Chinese

[6]

Ouf SA, Moussa TA, Abd-Elmegeed AM, et al. Anti-fungal potential
of ozone against some dermatophytes[ J]. Braz J Microbiol, 2016,

Clinical Dermatology, 2008, 37(6): 402-403.
[4]

151

Issac AV, Mathew JJ, Ambooken M, et al. Management of chronic

Travagli V, Zanardi I, Valacchi G, et al. Ozone and ozonated oils in
skin diseases: a review[ J]. Mediators Inflamm, 2010, 2010: 610418.

[15]

Gupta AK, Brintnell WC. Sanitization of contaminated footwear

periodontitis using subgingival irrigation of ozonized water: A

from onychomycosis patients using ozone gas: a novel adjunct

clinical and microbiological study[ J]. J Clin Diagn Res, 2015, 9(8):

therapy for treating onychomycosis and tinea pedis?[ J]. J Cutan Med

ZC29-ZC33.

Surg, 2013, 17(4): 243-249.

César J, Sumita TC, Junqueira JC, et al. Antimicrobial effects
of ozonated water on the sanitization of dental instruments
contaminated with E. coli, S. aureus, C. albicans, or the spores of B.

本文引用：鲁建云, 郭敏, 黎贵鸿发, WU Kathy, 向亚平, 黄进华,
高丽华. 臭氧水联合臭氧油治疗足癣的疗效[ J]. 中南大学学
报(医学版), 2018, 43(2): 147-151. DOI:10.11817/j.issn.1672-7347.
2018.02.007
Cite this article as: LU Jianyun, GUO Min, LIGUI Hongfa, WU Kathy,
XIANG Yaping, HUANG Jinhua, GAO Lihua. Efficacy of combination of
ozonated water with oil for treatment of tinea pedis[ J]. Journal of Central
South University. Medical Science, 2018, 43(2): 147-151. DOI:10.11817/
j.issn.1672-7347.2018.02.007

(Edited by CHEN Liwen)

