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ABSTRACT

Background

It has been reported that ozone therapy might be helpfulin treating foot ulcers in people with diabetes mellitus (DM).

Objectives

To assess the effects of ozone therapy on the healing of foot ulcers in people with DM.

Search methods

In March 2015 we searched: The Cochrane Wounds Group Specialised Register, The Cochrane Central Register of Controlled Trials
(CENTRAL) (The Cochrane Library), Ovid MEDLINE, Ovid MEDLINE (In-Process & Other Non-Indexed Citations), Ovid EMBASE, EBSCO
CINAHL, Science Citation Index, Chinese Biomedical Literature Database and The Chinese Clinical Registry. There were no restrictions
based on language, date or study setting.

Selection criteria

We included randomised controlled trials (RCTs) that compared ozone therapy with sham ozone therapy or any other interventions for
foot ulcers in people with DM, irrespective of publication date or language.

Data collection and analysis

Two reviewers independently screened all retrieved citations, selected relevant citations and extracted data. Disagreements were resolved
by discussion with a third reviewer. The methodological quality of included studies and the evidence level of outcomes were assessed
using the Cochrane risk of bias tool and the GRADE (Grading of Recommendations Assessment, Development and Evaluation) approach
respectively. Data were expressed using risk ratio (RR) for dichotomous outcomes and mean difference (MD) for continuous outcomes with
their 95% confidence interval (95% Cl). Review Manager (RevMan) software was used to analyse the data.

Main results
Three studies (212 participants) were included in this review. The overall risk of bias was high for two trials and unclear for one.

One trial (101 participants) compared ozone treatment with antibiotics for foot ulcers in people with DM. The study had a follow-up period
of 20 days. This study showed that ozone treatment was associated with a greater reduction in ulcer area from baseline to the end of the
study than treatment with antibiotics (MD -20.54 cm?2, 95% Cl -20.61 to -20.47), and a shorter duration of hospitalisation (MD -8.00 days,
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95% Cl -14.17 to -1.83), but did not appear to affect the number of ulcers healed over 20 days (RR 1.10, 95% CI 0.87 to 1.40). No side effects
were observed in either group.

The other two trials (111 participants) compared ozone treatment plus usual care with usual care for foot ulcers in people with DM. The
meta-analysis results did not show evidence of a difference between groups for the outcomes of reduction of ulcer area (MD -2.11 cmZ2, 95%
Cl-5.29 to 1.07), the number of ulcers healed (RR 1.69, 95% CI 0.90 to 3.17), adverse events (RR 2.27,95% Cl 0.48 to 10.79), or amputation
rate (RR 2.73,95%Cl 0.12, 64.42).

Authors' conclusions

The available evidence was three small RCTs with unclear methodology, so we are unable to draw any firm conclusions regarding the
effectiveness of ozone therapy for foot ulcers in people with DM.

PLAIN LANGUAGE SUMMARY

Ozone therapy as a treatment for foot ulcers in people with diabetes
What is diabetes and what is a foot ulcer?

Diabetes mellitus (DM) is a common condition that leads to high sugar concentrations in the blood. People who have had diabetes for a
long time often suffer from foot ulcers. Nearly 35% of all hospital admissions from diabetes clinics are due to them, as are nearly 80% of
all non-traumatic amputations of the leg and foot.

What is ozone therapy?

Ozone is a gas, and can be used as a treatment for ulcers in people with diabetes, which can be delivered with ozonised oils (e.g. ozonised
sunflower or olive oil), or by a mixture of oxygen and ozone applied directly to the wound, or through rectal insufflation (blown into the
final portion of the gut/intestines through the anus).

The purpose of this review

This review tried to find out whether ozone therapy is effective when given alone, or as part of a package of care, to treat foot ulcers in
people with DM.

Findings of this review

The review authors searched the medical literature up to March 3 2015, and identified three relevant clinical trials (212 participants) that
investigated ozone therapy for the treatment of foot ulcers in people with diabetes. The available evidence was of low quality.

One trial, with 101 participants, compared ozone treatment with antibiotics and followed up for 20 days. The results of this study showed
that the reduction in ulcer size was greater, and also the length of hospital stay was shorter, in those receiving ozone treatment, but there
was no apparent benefit in terms of the number of foot ulcers healed. No adverse effects (side effects or harms) were observed with either
treatment.

The other two trials (111 participants) compared ozone treatment plus usual care with usual care. The results of these two studies showed
that there were no apparent differences between the groups for reduction in ulcer size,the number of foot ulcers healed, or occurrence of
adverse events and amputation rates.

Quality of life was not reported by either trial.
Conclusion

On the basis of the limited and poor quality information available, the review authors were unable to draw any conclusions about the
effectiveness of ozone therapy for treating foot ulcers in people with DM.

Ozone therapy for treating foot ulcers in people with diabetes (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Ozone versus antibiotic treatments for treating foot ulcers in people with diabetes

Ozone versus antibiotic treatments for treating foot ulcers in people with diabetes

Patient or population: patients with treating foot ulcers in people with diabetes
Settings:
Intervention: Ozone versus antibiotic treatments

Outcomes Illustrative comparative risks* (95% Cl) Relative effect  No of Partici- Quality of the Comments
(95% ClI) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Control Ozone versus antibiotic treatments
Number of ulcers Study population RR1.1 100 o)
healed (0.87to0 1.4) (1 study) low 1,2
Follow-up: mean 20 694 per 1000 763 per 1000
days (604 to 971)
Moderate

694 per 1000 763 per 1000

(604 to 972)
Reduction in ulcer area The mean reduction in ulcer area in the inter- 100 o)
Follow-up: mean 20 vention groups was (1 study) low 1,2
days 20.54 lower

(20.61 to 20.47 lower)

Length of hospitalisa- The mean length of hospitalisation in the inter- 100 SDOO
tion vention groups was (1 study) low 1.3
Follow-up: mean 20 8 lower

days (14.17 to 1.83 lower)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: Risk ratio;

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
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Very low quality: We are very uncertain about the estimate.

1 The included trial was of unclear risk of bias.
2 Total number of events was less than 300
3 Total population size was less than 400

Summary of findings 2. Ozone + usual care versus sham ozone + usual care for treating foot ulcers in people with diabetes

Ozone + usual care versus sham ozone + usual care for treating foot ulcers in people with diabetes

Patient or population: patients with treating foot ulcers in people with diabetes

Settings:

Intervention: Ozone + usual care versus sham ozone + usual care

Outcomes Illustrative comparative risks* (95% Cl) Relative effect  No of Partici- Quality of the Comments
(95% Cl) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Control Ozone + usual care versus sham ozone +
usual care
Number of ulcers Study population RR1.69 111 BDOO
healed (0.9t03.17) (2 studies) low 1,2
Follow-up: 20-168 days 200 per 1000 338 per 1000
(180 to 634)
Moderate
193 per 1000 326 per 1000
(174 to 612)
Reduction in ulcer area The mean reduction in ulcer area in the inter- 111 ®EOO
Follow-up: 20-168 days vention groups was (2 studies) very low 1,34
3.48 lower
(3.82 t0 3.14 lower)
Adverse events/compli- Study population RR 2.27 61 o)
cations (0.48 t0 10.79) (1 study) low 1.2
Follow-up: mean 24 69 per 1000 157 per 1000
weeks (33 to 744)
Moderate
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69 per 1000 157 per 1000
(33 to 745)
amputation Study population RR2.73 61 PO
Follow-up: mean 24 (0.12 to 64.42) (1 study) low 1.2
weeks 0 per 1000 0 per 1000
(0to 0)
Moderate
0 per 1000 0 per 1000
(0to 0)
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*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: Risk ratio;
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GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
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Very low quality: We are very uncertain about the estimate.

1 These trials were of unclear risk of bias.
2 Total number of events was less than 300

3 Heterogeneity: Chi*=17.06, df =1 (P <0.0001); I* = 94%

4 Total population size was less than 400
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BACKGROUND

Description of the condition

Diabetes mellitus (DM) (including type 1 and 2) is rapidly emerging
as a new global epidemic (Lau 2009; Gupta 2012a).The prevalence
of DM for all age-groups worldwide was estimated to be 2.8%
in 2000 (171 million) (Wild 2004) and it is expected to double in
the next three decades (4.4%, 366 million) (Gupta 2012a). In the
USA, approximately 6% of the population has been diagnosed with
DM, which is the seventh leading cause of death (Malhotra 2012).
Around 2.8 million people in the UK have DM (approximately 4.3%
of the population) (Dumville 2013). Poor control of DM may result
in complications such as foot ulcers, which are defined as full-
thickness wounds that penetrate through the dermis (the deep
vascular and collagenous inner layer of the skin) and are located
below the ankle in a DM patient (Jeffcoate 2004). Foot ulcers are
a major complication of long standing DM, and account for nearly
35% of all hospital admissions in diabetic clinics, and nearly 80%
of all non-traumatic amputations of the lower limb (Gupta 2012a).
The prevalence of foot ulcers is 4000 to 10,000 per 100,000 people
diagnosed with DM (i.e. 4% to 10%) (Singh 2005).

Foot problems are common in people with DM because of their
increased risks of peripheral neuropathy (damage to peripheral
nerves, e.g. in the feet), peripheral vascular disease (general
circulatory problems), abnormal pressure on the foot, and
impaired resistance to infection. Failure of ulcers to heal may result
in amputation, and people with DM have a 10 to 20-fold higher risk
of losing a lower limb, or part of a lower limb, to non-traumatic
amputation than those without DM (Morris 1998; Wrobel 2001).
It is reported that 15% of the USA DM population will develop
foot ulceration, and, 14% to 20% of these people will require an
amputation (Malhotra 2012). Foot ulcers are an important cause of
morbidity and mortality in patients with DM, and have a staggering
economic impact, not only on the individual and his/her family, but
also on society (Xie 2008; Gupta 2012a). In 2010-11 the estimated
NHS spend on foot ulceration and amputation in people with DM in
England was GBP 639 to GBP 662 million (Kerr 2012). For patients
treated using biofilm-based wound management anchored by
molecular diagnostics, total charges per patient for the entire
course of treatment was $4,756 (total payments $3,060; £1,987)
(Wolcott 2015).

Five-year mortality rates after the onset of new diabetic ulceration
have been reported as being between 43% and 55%, while up
to 74% require lower-extremity amputation (Robbins 2008). It has
been reported that the risk of death more than doubles in people
who develop a foot ulcer (relative risk (RR) 2.39, 95% confidence
interval (Cl) 1.13 to 4.58) (Boyko 1996). A recent meta-analysis
reported that foot ulcers in people with DM were associated with
an increased risk of all-cause mortality (RR 1.89, 95% Cl 1.60 to
2.23), fatal myocardial infarction (2.22,95% CI 1.09 to 4.53) and fatal
stroke (1.41, 95% Cl 0.61 to 3.24) (Brownrigg 2012).

Description of the intervention

Foot ulcers in people with DM are challenging to treat
and often require the input of a multi-disciplinary team
of health professionals, including: diabetologists, radiologists,
dermatologists, vascular surgeons, orthopaedic surgeons, plastic
surgeons, podiatrists and the nursing team (van Sloten 2008). The
cornerstones of treatment are relief of pressure, the restoration of

perfusion (oxygen brought by blood flow) of the foot, treatment
of infection, wound care, optimum glucose (sugar) regulation
and education (van Sloten 2008). Treatments for foot ulcers in
people with DM include debridement of the wound, management
of any infection, revascularisation procedures if indicated, off-
loading (removing weight from) the ulcer, hyperbaric oxygen
therapy (exposure to high concentrations of oxygen), use of
advanced wound care products, and negative-pressure wound
therapy (Caravaggi 2013). Conservative treatment is successful in
the majority of severely infected wounds, but the duration of
treatment is often prolonged (Pittet 1999,Venkatesan 1997). A large
US study of 27630 patients with diabetic neuropathic foot ulcers
treated with standard good wound care such as debridement and
off-loading reported that 47% of foot ulcers has healed after 20
weeks of care (Margolis 2003).

In 1834 Schoenbein discovered ozone (O3 a form of oxygen in
which three atoms bind together instead of the more normal two),
and he considered it to be an oxidant and also a disinfectant
(Bocci 2004). Ozone was used to treat gangrene during the First
World War, and today it is widely used to sterilise water (Bocci
2004). Currently low-dose ozone is recognised as an antiviral
and bactericidal agent (Valacchi 2005; Kim 2009), and it has
been used clinically as a treatment for indications such as
coronary artery disease (Martinez-Sanchez 2012), chronic severe
hepatitis (Gu 2010), sudden sensorineural hearing loss (Ragab
2009), hypersensitive teeth (Ddhnhardt 2008), periodontics (Gupta
2012b) and chronic low back pain (Magalhaes 2012). It has also been
used for healing chronic wounds such as trophic ulcers, ischaemic
ulcers and diabetic wounds (Martinez-Sanchez 2005; de Monte
2005; Kim 2009).

Ozonetherapy has been used for many years as an ancillary method
to usual treatment for foot ulcers in patients with DM (Bialoszewski
2003), especially in those cases in which conservative treatment
methods have not been proven satisfactory. Ozone has been used
as a therapeutic method and it may be helpful in promoting
complete wound closure. Substances such as olefin (an alkene
or unsaturated hydrocarbon) can be treated with gaseous ozone
to form an ozonide, which is able to deliver nascent (freshly-
generated) oxygen deep within a lesion (wound or ulcer) without
causing any primary skin irritation (Kim 2009). Ozone therapy can
be delivered to patients by treating them with ozonised oils (e.g.
ozonised sunflower or olive oil); via local application of a mixture
of oxygen and ozone (directly to the wound); or through rectal
insufflation (delivered into the final portion of the gut/intestines).

How the intervention might work

The mechanism through which ozone achieves healing in chronic
wounds is not known. It has been suggested that ozone might be
related to growth factors (Kim 2009) and that it can activate the
antioxidant system (complex network of antioxidant metabolites
and enzymes that work together to prevent oxidative damage to
cellular components), and activate superoxide dismutase (enzymes
that alternately catalyze the dismutation (or partitioning) of the
superoxide (0, ~) radical into either ordinary molecular oxygen (O,)
or hydrogen peroxide (H,0,)) (Martinez-Sanchez 2005; Re 2008). In
addition, it has been suggested that ozone antioxidant properties
preserve R-cell functions and reduce hyperglycaemia (high blood
glucose levels) (Re 2008).

Ozone therapy for treating foot ulcers in people with diabetes (Review)
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Why it is important to do this review

Currently, there is no systematic review that evaluates the effects
of ozone therapy for foot ulcers in people with DM. It has been
recently suggested that ozone therapy might be a helpful treatment
(Valacchi 2005), and a systematic review of the available evidence
for the therapeutic effects of ozone would help decision making
when considering treatment options.

OBJECTIVES

To assess the effects of ozone therapy on the healing of foot ulcers
in patients with DM.

METHODS

Criteria for considering studies for this review
Types of studies

Randomised controlled trials (RCTs) were considered for inclusion,
irrespective of publication status or language.

Types of participants

Adults (over 18 years of age) with type 1 or type 2 DM, and with
an active foot ulcer of neuropathic, neuroischaemic or ischaemic
aetiology.

Types of interventions

1. Ozone therapy compared with sham ozone therapy, with or
without concomitant interventions such as antibiotics, topical
agents or usual care as long as the same concomitant treatment
was used in both groups.

2. Ozone therapy compared with any other intervention used to
promote healing, such as antibiotics, topical agents or usual
care.

3. Ozone therapy combined with a concomitant treatment
compared with any other intervention used to promote healing,
such as antibiotics, topical agents or usual care based, as long
as the same concomitant treatment was used in both groups.

Types of outcome measures
Primary outcomes

1. Time taken to achieve complete ulcer healing.
2. Number of ulcers healed.
3. Change in area of ulcer.

Secondary outcomes
1. Number of complications (adverse events reported), such as
toxicity, irritation.

2. Quality of life (measured using a standardised generic
questionnaire such as EQ-5D, SF-36, SF-12 or SF-6).

3. Length of hospital stay.
4. Amputation.
5. Incidence of wound infection.

Search methods for identification of studies
Electronic searches

We identified relevant randomised clinical trials by searching the
following electronic databases:

1. Cochrane Wounds Group Specialized Register (Searched March
32015);

2. The Cochrane Central Register of Controlled Trials (CENTRAL) -
The Cochrane Library 2015, Issue 1;

3. Ovid MEDLINE & Ovid MEDLINE (In-Process & Other Non-Indexed
Citations) (1946 to March 2 2015);

Ovid EMBASE (1974 to March 2 2015);

EBSCO CINAHL (1982 to March 3 2015);

Science Citation Index (SCl) (1974 to March 3 2015);

Chinese Biomedical Literature Database (1978 to March 3 2015);
The Chinese Clinical Registry (July 2007 to March 3 2015).

e

We used the following search strategy for searching The Cochrane
Central Register of Controlled Trials (CENTRAL):

#1 MeSH descriptor Diabetic Foot explode all trees
#2 MeSH descriptor Foot Ulcer explode all trees
#3 diabet* NEAR/3 ulcer*:ti,ab,kw

#4 diabet* NEAR/3 (foot or feet):ti,ab,kw

#5 diabet* NEAR/3 wound™:ti,ab,kw

#6 (#1 OR #2 OR #3 OR #4 OR #5)

#7 MeSH descriptor Ozone explode all trees

#8 ozon™:ti,ab,kw

#9 (#7 OR #8)

#10(#6 AND #9)

This strategy was adapted to search Ovid MEDLINE, Ovid EMBASE
and EBSCO CINAHL (Appendix 1). The Ovid MEDLINE search was
combined with the Cochrane Highly Sensitive Search Strategy for
identifying RCTs in MEDLINE: sensitivity- and precision-maximizing
version (2008 revision) (Lefebvre 2011). We combined the EMBASE
search with the Ovid EMBASE filter developed by the UK Cochrane
Centre (Lefebvre 2011). We combined the CINAHL search with
the trial filter developed by the Scottish Intercollegiate Guidelines
Network (SIGN 2009). There were no restrictions based on
language, date or study setting.

Searching other resources

The review authors contacted trial authors and experts in the field
about unpublished studies, and searched the reference lists of all
potentially relevant study reports for additional relevant studies.

We also searched the following major ongoing clinical trials
registries:

1. International Clinical Trials

www.who.int/ictrp/en/)
2. Clinicaltrials.gov (https://clinicaltrials.gov/)
3. Current Controlled Trials (http://www.isrctn.com/)

Registry Platform (http://

Data collection and analysis
Selection of studies

Two review authors (Zhang and Liu) screened all retrieved
citations independently, and selected relevant studies for further
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assessment on the basis of titles, abstracts and keywords. Full-
text reports for studies that appeared to meet the eligibility criteria
were retrieved and considered by at least two review authors
independently. Disagreements were resolved by discussion with
the other review authors. We corresponded with investigators
to clarify study eligibility and request further information, such
as missing results or methodological details (e.g. clarification of
methods used for randomisation or allocation concealment).

Data extraction and management

Two review authors extracted data independently (Zhang and
Tian), and differences were resolved by discussion with a third
review author (Yang).

The data extracted included:

first author's name;

year of publication;

country/countries of origin of the trial centres;
setting of the trial;

number of participants;

participants' age and gender by treatment group;

duration of the ulcer, number of previous ulcers, grade/severity
of ulceration

8. description of intervention and comparator interventions,
including any concomitant treatments;

9. duration of follow-up;

10.outcome measures including methods used to measure
outcome.

No ok wN R

Assessment of risk of bias in included studies

Two review authors (Liu and Li) assessed each included study
independently using the Cochrane Collaboration tool for assessing
risk of bias, as described in the Cochrane Handbook for Systematic
Reviews of Interventions, version 5.1.0 (Higgins 2011a). This tool
addresses six specific domains, namely: sequence generation,
allocation concealment, blinding (blinding of patient; blinding
of care provider; blinding of outcome assessors), incomplete
outcome data, selective outcome reporting, and other issues
(extreme baseline imbalance and sponsorship bias) (see Appendix
2 for details of criteria on which the judgements were based).
We completed a 'Risk of bias' table for each eligible study. Any
disagreements were discussed amongst all authors to achieve a
consensus. In order to assess the domain of selective outcome
reporting as fully as possible, we wrote to the first/corresponding
authors of the trials and requested a copy of each study's protocol.
If an individual trial achieved adequate sequence generation,
adequate allocation concealment and adequate blinding of
outcome assessors, we defined it as being at low risk of bias overall;
if any one of these key domains was unclear individually but none
were high risk we defined the trial as being at overall unclear risk
of bias; if any of the key domains were high risk individually the
trial was deemed to be at high risk of bias overall. We presented
our assessment of risk of bias using a 'Risk of bias' summary figure,
which presents all of the judgments in a cross-tabulation of study
by entry. This display of internal validity indicates the weight the
reader may give to the results of each study.

Measures of treatment effect

We generated measures of treatment effect using Review
Manager Software (RevMan). We expressed results for dichotomous
outcomes as risk ratio (RR) with 95% confidence intervals (Cls)
and continuous outcomes as mean difference (MD) with 95% Cls.
If studies reporting time-to-event data (e.g. time to healing) did
not report a hazard ratio (HR) then, when feasible, we planned
to estimate this using other reported outcomes, such as numbers
of events, through the application of available statistical methods
(Parmar 1998; Tierney 2007) although such an approach was not
implemented here as none of the included trials reported time to
healing.

Dealing with missing data

Where data were missing, we wrote to the study authors and
requested them. If we had not received a response after four
weeks, we emailed again. If they still did not respond, we used the
estimates based on available data.

Assessment of heterogeneity

We planned to examine heterogeneity among trials using the
12 statistic (Higgins 2003). We planned to regard an I2 statistic
estimate greater than 40% as showing substantial or considerable
heterogeneity and we planned to investigate its causes by
performing subgroup analyses or sensitivity analyses by excluding
studies thought to cause the heterogeneity.

Assessment of reporting biases

If sufficient studies (>9) were identified we planned to examine
for publication bias using a funnel plot (Sterne 2011). We aimed
to minimise the potential impact of reporting bias by ensuring a
comprehensive search for eligible studies and by being alert for
duplicate publications. We identified only three trials, so we did not
investigate the potential for publication bias using a funnel plot.

Data synthesis

A narrative synthesis of findings was presented, with RCTs stratified
according to the nature of the interventions and comparators
evaluated.

We planned to analyse the data using Review Manager software
(version 5.20) for summary estimates. Dichotomous outcomes were
expressed as a summary risk ratio (RR), time-to-event outcomes
as a summary HR and continuous outcomes as a summary mean
difference (MD) or standardised mean difference (SMD) if a common
concept was measured using different instruments. We planned to
generate 95% Cls for all pooled estimates.

We planned to pool data only where groups of RCTs were clinically
and statistically homogenous. If RCTs were clinically similar and
did not show substantial statistical heterogeneity (defined as 12 less
than 40%) then we planned to pool them in a meta-analysis using
a fixed-effect model. We anticipated using a random-effects model
where there was evidence of substantial statistical heterogeneity
(defined as 12 more than 40%) and planned to compare this with a
fixed-effect model to see if the conclusions were altered.

Where included studies were clinically heterogeneous, and a meta-
analysis was precluded, we presented only a narrative synthesis.

Ozone therapy for treating foot ulcers in people with diabetes (Review)
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Subgroup analysis and investigation of heterogeneity

We planned to undertake subgroup analyses according to
differences in trial location and setting, or characteristics of
participants.

1) Subgroup analysis according to trial location: Asian vs. European
vs. American

2) Subgroup analysis according to the type of diabetes mellitus:
type 1 vs. type 2 diabetes mellitus

3) Subgroup analysis according to co-morbidity.
Sensitivity analysis

We planned a sensitivity analysis by restricting studies with low
risk of bias (comparing these to studies classed at unclear or high
risk if bias) (adequate sequence generation, adequate allocation
concealment and blinding of outcome assessors) to determine
whether pooled estimates were robust if possible.

'Summary of findings' tables

We employed the GRADE approach to interpret findings (Guyatt
2008), and the GRADE profiler (GRADEPRO) allowed us to import
data from Review Manager 5.3 to create a summary of findings
table. This table provides outcome-specificinformation concerning
the overall quality of evidence from studies included in the
comparison, the magnitude of effect of the interventions examined,
and the sum of available data on the outcomes that we considered
(Bjelakovic 2014).

We established 'Summary of findings' tables using the following
outcomes where available; these seven outcomes were selected
and listed according to their priority (Schiinemann 2011).

Time taken to achieve complete ulcer healing.
Number of ulcers healed in the trial period.
Change in area of ulcer.

Number of complications (adverse events reported), such as
toxicity, irritation.

5. Quality of life.
6. Length of hospital stay.
7. Amputation

H W

RESULTS

Description of studies

See: Characteristics of included studies; and Characteristics of
excluded studies

Results of the search

We identified a total of 48 records from databases and reference
checking using the search strategies specified earlier. Forty of these
were considered irrelevant because they were case reports (19
records), review articles (15 records), duplicates (three records) and
other reasons (three records). Eight papers were retrieved for full-
text assessment of which five were excluded because they were not
RCTs (Anonymous 2011; Falanga 2006; Gazin 2008a; Gazin 2008b;
Kulikov 2002).

The Clinical Trials Registry Platforms were also searched, and
we found one ongoing trial (NCT01643967). Finally, three trials
(Martinez-Sanchez 2005; Wainstein 2011; Zhang 2014) were
included (Figure 1).
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Figure 1. Study flow diagram.
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Included studies ozone treatment (52 participants) with antibiotics (49 participants)
for foot ulcers in participants with DM (Martinez-Sanchez 2005), the

Three trials (Martinez-Sanchez 2005; Wainstein 2011; Zhang 2014) other two compared ozone therapy plus usual care {56 participants)

(212 participants) were included in the review. One trial compared
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with usual care (55 participants) for foot ulcers in participants with  Risk of bias in included studies
DM (Wainstein 2011; Zhang 2014)

See Figure 2. The Wainstein 2011 trial was unclear overall whereas
Excluded studies the other two trials (Martinez-Sanchez 2005; Zhang 2014) were at

high risk of bias.
After reading the full texts, five studies were excluded because they

were not RCTs (Kulikov 2002; Falanga 2006; Gazin 2008b; Gazin
2008a; Anonymous 2011).
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study
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The three included studies were assessed as being at unclear allocation were not described clearly.

risk of bias for allocation (selection bias) (Martinez-Sanchez 2005;
Wainstein 2011; Zhang 2014). Whilst they were described as
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Blinding

Martinez-Sanchez 2005 did not use blinding and was assessed as
being at high risk of bias for blinding of participants and personnel
(performance bias) and blinding of outcome assessment (detection
bias).

Wainstein 2011 was assessed as being at low risk of bias for
blinding of participants and personnel, and for blinding of outcome
assessment, as the authors stated that, "The patients and the
investigator were blinded to the mode of treatment", and, "The
ozone (active treatment) group received ozone treatments using
the Ozoter 101 device (OZ Recovery Technologies, Ramat Gan,
Israel) in addition to usual care. The control group received sham
treatments using the Ozoter 101 device set to the inactive mode in
addition to usual care."

Zhang 2014 did not use blinding and was assessed as being at high
risk of bias for blinding of participants and personnel (performance
bias) and blinding of outcome assessment (detection bias).

Incomplete outcome data

Martinez-Sanchez 2005 was assessed as being at low risk of bias
for incomplete outcome data (attrition bias). Whilst the study
abstract reported that 101 participants had been randomised, the
paper reported data on 100 participants and the analysis included
100 participants, there was one drop-out in the ozone group. We
deemed that this would not affect the results and assessed the risk
of bias for this domain as being low for this study.

Wainstein 2011 was assessed as being at high risk for this domain,
as only 34 out of 61 participants completed the study. This will
introduce high risk of bias, although they conducted intention to
treat analysis.

Zhang 2014 was assessed as being at low risk for this domain, as
the authors stated that, "50 patients with DFU were randomized to
ozone group (n=25) and control group (n=25). All of these patients
completed the study visits."

Selective reporting

All included studies were assessed as being at unclear risk of bias
for selective reporting (reporting bias) (Martinez-Sanchez 2005;
Wainstein 2011; Zhang 2014). Although we were unable to obtain
the study protocols for full assessment of selective reporting bias,
all the outcomes listed in the methods section were reported in the
results.

Other potential sources of bias

One RCT was judged as being at low risk of bias for this domain
(Wainstein 2011) whilst the other two were assessed as unclear
because there was insufficient information to assess baseline
imbalance and conflict of interest (Martinez-Sanchez 2005; Zhang
2014).

Effects of interventions

See: Summary of findings for the main comparison Ozone
versus antibiotic treatments for treating foot ulcers in people with
diabetes; Summary of findings 2 Ozone + usual care versus sham
ozone + usual care for treating foot ulcers in people with diabetes

The data for outcomes in each trial is shown in Table 1.

Comparison one: Ozone compared with antibiotic treatments
(one trial with 101 participants)

See Summary of findings for the main comparison

Martinez-Sanchez 2005 compared ozone treatment with antibiotics
for foot ulcers in people with DM. The trial was variously reported
as having 101 or 100 participants; data were presented for
100 participants. The study compared ozone therapy (local and
rectal insufflation of the gas) with topical and systemic antibiotic
treatment. In addition, all participants received gauze dressings
and debridement as required. The follow-up period was 20 days.

Primary outcomes
Number of ulcers healed

Ulcersin 39 of the 51 (77%) participantsin the ozone group and 34 of
the 49 (69%) participants in the antibiotic group healed (full wound
closure). There was no statistically significant difference between
the two groups (RR 1.10, 95% Cl 0.87 to 1.40) (Analysis 1.1).

Reduction in ulcer area

In the ozone group, the mean reduction in ulcer area from baseline
to study end was 34.66 cm? (standard deviation (SD) 0.21 cm?)
and the mean reduction in the antibiotic group was 14.12 cm2 (SD
0.14 cm?2); SD values were calculated according to the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011b).
Ozone therapy was associated with a greater reduction in ulcer area
than antibiotics (MD -20.54 cm2, 95% CI -20.61 to -20.47) (Analysis
1.2).

Secondary outcomes
Duration of hospitalisation

The mean duration of hospitalisation was reported as 26 days (SD
13 days) in the ozone group compared with 34 days (SD 18 days) in
the antibiotic group. There was a evidence of a difference between
the two groups in favour of ozone (MD -8.00 days, 95% Cl -14.17 to
-1.83) (Analysis 1.3).

Adverse events

The study reported that no side effects were observed in either
group, but the authors did not explain how the adverse events were
assessed.

Quality of life

This trial did not report quality of life.

Amputation

This trial did not report amputation.

Comparison two: Ozone plus usual care versus sham ozone
plus usual care or usual care alone (two trials with 111
participants)

See: Summary of findings 2

Wainstein 2011 compared ozone treatment plus usual care with
sham ozone treatment plus usual care for foot ulcers in people with
DM. The trialrecruited 61 participants, however, 27 dropped out (16
participants from the ozone group, 11 from the control group). The
study had a follow-up period of 24 weeks.
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Zhang 2014 compared ozone treatment plus usual care with usual
care alone. A total of 50 patients with type 2 diabetes and DFUs
of Wagner stage 2 to 4 were recruited; 25 participants were
randomized into each treatment group. All patients completed the
study visits. The follow-up period was 20 days.

Primary outcomes
Number of ulcers healed

Ulcers in 13 of 31 (42%) participants in the ozone plus usual care
group and eight of the 30 (27%) participants in the sham ozone
plus usual care group healed (full wound closure) in Wainstein
2011, and ulcers in six of the 25 (24%) participants in the ozone
plus usual care group and three of the 25 (12%) participants in
the usual care alone group healed (full wound closure) in Zhang
2014. The estimate from pooled data suggested no evidence of a
difference between treatment groups (RR 1.69, 95% Cl 0.90 to 3.17)
(Analysis 2.1) without any statistical heterogeneity (12=0%, Chi2 test
of heterogeneity P =0.75).

Reduction in ulcer area

The ozone group showed a mean reduction of 2.0 cm?2 (SD 0.39 cm2)
and the control group showed a mean reduction of 1.6 cm?2 (SD 1.7
cm?2) in Wainstein 2011; the respective mean reductions were 6.84
c¢m2 (SD 0.62 cm?2) and 3.19 cm?2 (SD 0.65 cm?2) in Zhang 2014. When
data were pooled substantial heterogeneity was detected (1= 94%,
Chi2 test of heterogeneity P<0.0001) therefore a random effects
model was selected. This suggested no evidence of a difference
between treatment groups in reduction in ulcer area (cm2): MD
-2.11 (95% CI -5.29 to 1.07). (Analysis 2.2). When the analysis was
repeated using a fixed effect model a difference was observed in
favour of ozone therapy: MD -3.48 (95% Cl -3.82 to -3.14). This
suggested that the result for this outcome was not stable.

Secondary outcomes
Adverse events

Two adverse events/complications were reported in the control
group (amputation and infection) and five in the ozone group
(osteomyelitis, fever, wound infection, and pulmonary congestion)
in Wainstein 2011. There was one event per patient, as these
patients dropped out because of adverse events. None of the
adverse events was judged to have been caused by the study
interventions. There was no difference between the two groups for
this outcome (RR 2.27, 95% Cl 0.48 to 10.79) (Analysis 2.3). Zhang
2014 did not report adverse events.

Duration of hospitalisation

These trials did not report duration of hospitalisation.

Quality of life
These trials did not report quality of life.

Amputation

One participant in the control group underwent amputation; this
was included in the assessment of adverse events in Wainstein
2011. There was no evidence of a clear difference between the two
groups (RR2.73,95% Cl 0.12 to 64.42) (Analysis 2.4). Zhang 2014 did
not report amputation rates.

DISCUSSION

Summary of main results

Two main treatment comparisons were identified:

1. ozonetherapy versus antibiotics (101 participants recruited with
a follow-up period of 20 days) (Martinez-Sanchez 2005) and,;

2. ozonetherapy plus usual care compared with sham therapy plus
usual care (61 participants with 24 week follow-up) (Wainstein
2011) or usual care alone (50 participants with 20 day follow-up)
(Zhang 2014).

Evidence from the trial comparing ozone therapy with antibiotics
did not suggest a difference between treatment groups for the
number of ulcers healed. However, there was evidence of a
difference between groups in terms of reduction in ulcer area and
duration of hospitalisation that favoured ozone therapy. No side
effects were observed in either group. The outcomes of quality
of life, adverse events and amputation rates were not reported
(Martinez-Sanchez 2005).

For the second comparison, there was no evidence of a difference
between treatment groups when data from two trials were pooled
for the outcomes of number of ulcers healed or reduction in
ulcer area (Wainstein 2011; Zhang 2014). Data from one trial did
not suggest a difference between groups for adverse events or
amputation rates (Wainstein 2011). Neither trial reported duration
of hospitalisation or quality of life.

All findings should be treated with caution as the overall quality of
evidence was low for both comparisons (Summary of findings for
the main comparison; Summary of findings 2).

Overall completeness and applicability of evidence

The overall volume of evidence is low, consisting of three RCTs
recruiting 212 participants in total, and is of poor quality (see
Summary of findings for the main comparison; Summary of
findings 2). Two out of the three RCTs had follow-up periods limited
to 20 days (Martinez-Sanchez 2005; Zhang 2014) and so there is a
lack of evidence on the longer term effects of ozone therapy. All
three trials reported the number of participants with healed ulcers
and the reduction in ulcer area but none reported time to healing
which is a more informative healing outcome. Limited data were
available on length of hospital stay and amputation rates and none
of the trials reported quality of life.

There was also a lack of information relating to adverse events.
Although in one included study ozone therapy reduced ulcer size
and length of hospital stay without causing adverse events when
compared with antibiotics (Martinez-Sanchez 2005), this study had
a short follow-up (20 days). Recently, a case report confirmed that
there were no complications associated with ozone therapy (Shah
2011), however, another trial included in this review suggested
that adverse events of ozone therapy can include osteomyelitis
(boneinfection), fever, wound infection, and pulmonary congestion
(collection of fluid in the lungs) (Wainstein 2011). The Wainstein
2011 trial reported that these adverse events may have been
caused by the reactivity of O3 (Di Filippo 2010; Elvis 2011). Whilst
attention should be paid when prescribing ozone for people with
DM, more evidence is required on both the benefits and safety of
ozone therapy in order to inform clinical decision making.
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Quality of the evidence

The three included studies were described as randomised, but the
methodological details were not well reported. The trials did not
report the methods used to generate the randomisation sequence,
or the methods used to conceal allocation. One RCT (Wainstein
2011) reported that participants and investigators were blind, but
the other two did not use blinding (Martinez-Sanchez 2005; Zhang
2014). In terms of the overall risk of bias, we rated one trial as
unclear (Wainstein 2011) and the other two as high risk (Martinez-
Sanchez 2005; Zhang 2014). As a result, the findings of these three
studies may be biased. Meanwhile, the sample size for each trial
was not large enough and the duration of follow-up was short.
Although there were no significant differences in the wound size
between two groups in both studies, different baseline wound size
between two studies could introduce clinical heterogeneity, and
further statistical heterogeneity. So we considered their quality
of evidence to be low due to potential methodological flaws
and imprecision. In addition the trials were underpowered and
therefore unlikely to detect clinically meaningful differences even if
they are present between the interventions, and where differences
were detected, these cannot be relied upon. This is the main reason
for not being able to draw conclusions even though statistically
significant differences were detected in some comparisons.

Potential biases in the review process

The review considered as much evidence as possible, including
unpublished studies identified from an on-line trial registry, and the
review authors also contacted as many authors and clinical experts
as possible in order to obtain unpublished studies, but we did not
receive any unpublished data. This may have led to publication
bias.

Agreements and disagreements with other studies or
reviews

Ozone therapy has been shown to improve wound healing,
modulate the immune system, and act as an antibacterial agent
in two recent case reports (Bocci 2009; Shah 2011). One of these
case reports also showed the feasibility of using ozone therapy as

an adjuvant to the conventional modality for treatment of extensive
orthopaedic wounds (Shah 2011). A third case report showed the
effectiveness of two-week ozone therapy for Buruli ulcer, where
ozone therapy produced an excellent outcome (Bertolotti 2013).
Very little research has been done in this field, and so there is a
paucity of results to compare with our findings.

AUTHORS' CONCLUSIONS

Implications for practice

The results of this review suggest that ozone therapy, when
compared to antibiotics, might reduce ulcer size and length of
hospital stay in the short-term, but there is no evidence to suggest it
promotes overall healing or reduces the number of adverse events.
When applied together with usual care, 0ozone may not reduce ulcer
size compared with usual care alone, and there was no evidence of
an increase in adverse events with ozone therapy and the number
of ulcers healed. Whether or not ozone therapy could be an effective
option for managing foot ulcers in people with DM could not be
judged on the basis of the three studies included in this review,
as they were too small to reliably detect clinically meaningful
differences and suffered from methodological flaws.

Implications for research

Since the included trials were at unclear or high risk of bias and of
short follow-up, well-designed, adequately powered, high quality
RCTs with longer duration of follow-up are needed to determine the
effectiveness and safety of ozone therapy on foot ulcers in people
with DM. The proportion of participants lost to follow-up was high
in one study (Wainstein 2011), so consideration should be given to
promoting participant concordance in future evaluations in order
to minimise attrition bias.
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Martinez-Sanchez 2005 (Continued)

Allocation concealment: unclear
Blinding: unblinded

n=101

Participants

Inclusion criteria: adults of both sexes and any ethnic origins with a diagnosis of neuro-infectious dia-
betic foot

Exclusion criteria: severe septic conditions, hypersensitivity to planned treatments, hepatic dysfunc-
tion, renal failure (serum creatinine level >1.32 pmol/l), pregnancy, cancer or other serious disease, in-
ability to co-operate with the requirements of the study, recent history of alcohol or drug abuse, cur-
rent therapy with any immunosuppressive agent or anticonvulsant, concurrent participation in anoth-
er clinical study, or current treatment with an investigational drug

Gender: 26:26 in ozone group (female:male); 19:30 in the control group (female:male)
Evolution time of the disease (Mean+SD): 17 + 11 years vs 18 + 8 (ozone vs control)

Age: >=20 years

Interventions

Intervention: ozone (generated by an OZOMED equipment, Cuba), 20 sessions, by rectal insufflation
(with an ozone dose of 10 mg, ozone concentration: 50 mg/l) and locally. For local ozone treatment,
the lesion was covered with a plastic bag sealed to the leg, which was then put under vacuum, in order
to eliminate the air inside it. Afterwards, the bag was refilled with ozone at a concentration of 60 mg/L.
The participant remained with the plastic bag in place for 1 h. After that, the bag was removed and the
lesion was covered with ozonized sunflower oil (Oleozon®) (n =51)

Control: antibiotic therapy (systemic antibiotic therapy using the conventional method of treatment,
with topical application to the lesion for 20 days) (n = 49)

Other details: debridement was indicated for essentially every wound and gauze dressings were used

Outcomes 1. Number of ulcers healed in the trial period
2. Change in area of ulcer
3. Number of complications (adverse events reported)
4. Length of hospital stay
Notes Follow-up was 20 days
there was one drop-out in the ozone group
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk "Patients were randomised to two different groups of treatment: . . ."

"This randomised controlled clinical trial was approved by an institutional re-
view board (Scientific and Ethics Committees of the Institution) in accordance
with the principle of the Declaration of Helsinki (1997)."

"In relation to the baseline characteristics (Table 1), both groups were similar
at randomisation (P>0.05)."

The study was described as a randomised clinical trial. Randomisation method

was not well described

Allocation concealment
(selection bias)

Unclear risk The included study was described as a randomised clinical trial. Method for
concealment of allocation was not well described

Ozone therapy for treating foot ulcers in people with diabetes (Review)
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Martinez-Sanchez 2005 (Continued)

Incomplete outcome data

(attrition bias)
All outcomes

Low risk Authors stated the number recruited (101), and the fact that there was one
drop-out in the ozone group. The numbers of participants in the analysis were
given (100). The authors did not respond to our requests for clarification. This
one drop-out is unlikely to have had a significant impact on the results, as the
baseline variables for both groups were comparable

Selective reporting (re-
porting bias)

Unclear risk All the outcomes mentioned in the methods section were reported in the re-
sults. We could not retrieve the protocol

Other bias

Unclear risk The authors did not respond to our requests for clarification. We found no sig-
nificant statistical differences between groups for baseline variables. We could
not judge whether there were any other potential sources of other bias, de-
spite contacting the authors

Blinding of participants High risk The authors did not use blinding
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk The authors did not use blinding

sessment (detection bias)
All outcomes

Wainstein 2011

Methods

Multicentred, placebo-controlled RCT
Randomisation: mentioned
Allocation concealment: unclear

Blinding: blinded to participants and the investigator

Participants

Inclusion criteria: adult (18 years of age and over) men and women with type 1 and type 2 diabetes and
a Wagner classification stage 2 or 3 or post-debridement stage 4 foot ulcer. Wound size <40 cm?2, with
the wound at least 8 weeks old at study initiation

Exclsuon criteria: gangrenous foot ulcers, active osteomyelitis, a history of collagen diseases, hyper-
thyroidism, pregnant or nursing, haemoglobin Alc (HbAlc) levels > 10.5%, ankle brachial index < 0.65,
haemoglobin <8 g/dL, liver function tests (alanine transaminase, aspartate transaminase, or c-glu-
tamyl transpeptidase) elevated to more than 3 times the upper normal limit, serum creatinine > 2.5
mg/dL or dialysis, or a known allergy to ozone

Age for those who completed the treatment: 40-81 years vs 46-62 years (ozone vs control)
Gender for those who completed the treatment: female:male: 13:19 vs 10:19 (ozone vs control)

Duration of diabetes (MeanSD): 15.2 + 9.7 years vs 16.4 + 11.0 years (ozone vs control)

Interventions

Intervention: ozone treatments using the Ozoter 101 device (OZ Recovery Technologies, Ramat Gan,
Israel) in addition to usual care (n=32)

Control: sham ozone treatments using the Ozoter 101 device set to the inactive mode in addition to
usual care (n=29)

Usual care included debridement and daily wound dressings appropriate for the degree of secretion
and moisture maintenance of the wound

Ozone therapy for treating foot ulcers in people with diabetes (Review)
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Wainstein 2011 (continued)

Active ozone treatment was divided into two phases: at first, patients received treatment sessions

four times each week for the maximum period of 4 weeks, or until granulation appeared in 50% of the
wound area, whichever came first. Intervals between treatments did not exceed 1 day in 5 days a week,
and gas concentrations were 96% oxygen and 4% (80lg/mL) ozone. During the second treatment pe-
riod, session frequency was reduced to twice a week to complete the 12 weeks of treatment, and gas
concentration was changed to 98% oxygen and 2% (40lg/mL) ozone. Patients in the control group re-
ceived sham treatments, and the ozone device circulated room air only. Each treatment session lasted
26 min.

Outcomes Primary end point: the proportion of subjects with complete closure of the wound
Secondary end point: wound size and the proportion of participants who had a reduction in wound
size
Adverse events: deterioration of the target ulcer (manifested as new-onset erythema, pain, purulent
discharge, infection, tissue necrosis, requirement for repeated debridement, or other surgical interven-
tion such as amputation) was considered a serious adverse event, and the participant concerned was
then considered a 'non-responder' even if the ulcer was completely closed prior to the final visit
Total area closed: calculated for each participant by subtracting the last available wound size mea-
surement from the first one
Notes Follow-up was 24 weeks
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk "The study was a randomised, double-blind, placebo controlled clinical trial."
tion (selection bias)
"Included patients were randomised to one of two treatment groups."
"The technician determined the mode of action for each patient according
to the randomisations, so that 32 patients were treated in the active model
(ozone-oxygen treatment), and 29 in the inactive mode (room air only)."
The study was described as a randomised clinical trial. Randomisation method
was not well described
Allocation concealment Unclear risk "The study was a randomised, double-blind, placebo controlled clinical trial."
(selection bias)
"Included patients were randomised to one of two treatment groups."
"The technician determined the mode of action for each patient according
to the randomisations, so that 32 patients were treated in the active model
(ozone-oxygen treatment), and 29 in the inactive mode (room air only)."
The study was described as a randomised clinical trial. The method for con-
cealment of allocation was not well described
Incomplete outcome data  High risk 61 participants with DM were randomised: 32 to the active ozone treatment
(attrition bias) and 29 to the sham treatment. All participants randomised to treatment were
All outcomes included in the ITT cohort. A total of 34 participants completed the study: 16 in
the ozone group and 18 in the sham treatment group
Selective reporting (re- Unclear risk All the outcomes mentioned in the methods section were reported in the re-
porting bias) sults. We could not retrieve the protocol
Other bias Low risk No competing financial interests existed. We found no significant statistical
differences between both groups for the baseline variables
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Wainstein 2011 (continued)

Blinding of participants Low risk "The patients and the investigator were blinded to the mode of treatment."
and personnel (perfor-

mance bias) "The ozone (active treatment) group received ozone treatments using the
All outcomes Ozoter 101 device (OZ Recovery Technologies, Ramat Gan, Israel) in addition

to usual care. The control group received sham treatments using the Ozoter
101 device set to the inactive mode in addition to usual care."

"The patients and the investigator were blinded to the mode of treatment."

Blinding of outcome as- Low risk "The patients and the investigator were blinded to the mode of treatment."
sessment (detection bias)
All outcomes "The ozone (active treatment) group received ozone treatments using the

Ozoter 101 device (OZ Recovery Technologies, Ramat Gan, Israel) in addition
to usual care. The control group received sham treatments using the Ozoter
101 device set to the inactive mode in addition to usual care."

"The patients and the investigator were blinded to the mode of treatment."

Zhang 2014

Methods RCT
Randomisation: mentioned
Allocation concealment: unclear
Blinding: unclear

Participants Inclusion criteria:

Hospitalized patients with type 2 diabetes mellitus (T2DM)

aged 18 yrs or older, with Diabetic foot ulcer of Wagner classification stages 2, 3, or 4

Patients were excluded from the study if they had one or more of the following conditions:

(1) gangrenous ulcers in whole foot, (2) active osteomyelitis, (3) a history of collagen diseases, (4) hy-
perthyroidism, (5) pregnancy or nursing, (6) hemoglobin Alc (HbAlc) levels >10.5%, (7) ankle brachial
index (ABI) <0.70, (8) hemoglobin less than 90 g/L, (9) liver function tests (alanine transaminase, aspar-
tate transaminase, or c-glutamyl transpeptidase) elevated to

more than three times the upper normal limit, (10) serum creatinine >133 mol/L or dialysis, and (11) a
known allergy to ozone.

Interventions After debridement, the ozone group received noninvasive oxygen-ozone treatments with 52 ug/mL
ozone (total volume: 20-50 mL) in a special bag for 30 min per day for 20 days using the ozone genera-
tor device (Humazon Promedic, German) in addition to standard treatment.(n=25)

The control group received only standard treatment which included debridement once every two days
and wound dressings appropriate for the degree of exudate and moisture maintenance of the wound.
(n=25)

Outcomes The proportion of subjects with complete closure of the wound
Change in area of ulcer

Notes Follow-up was 20 days

Risk of bias

Bias Authors' judgement Support for judgement

Ozone therapy for treating foot ulcers in people with diabetes (Review)
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Zhang 2014 (Continued)

Random sequence genera-  Unclear risk
tion (selection bias)

"Included patients were randomized into two groups."

"As indicated in Figure 3, 50 patients with DFU were randomized to ozone
group (n =25) and control group (n =25)."

The study was described as a randomised clinical trial. Randomisation method
was not well described

Allocation concealment Unclear risk
(selection bias)

"Included patients were randomized into two groups."

"As indicated in Figure 3, 50 patients with DFU were randomized to ozone
group (n =25) and control group (n =25)."

The study was described as a randomised clinical trial. Allocation concealment
method was not well described

Incomplete outcome data  Low risk
(attrition bias)
All outcomes

"50 patients with DFU were randomized to ozone group (n = 25) and control
group (n = 25). All of these patients completed the study visits."

Selective reporting (re- Unclear risk
porting bias)

All the outcomes mentioned in the methods section were reported in the re-
sults. We could not retrieve the protocol.

Other bias Unclear risk Competing financial interests existed. We found no significant statistical differ-
ences between both groups for the baseline variables.

Blinding of participants High risk The authors did not use blinding.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk
sessment (detection bias)
All outcomes

The authors did not use blinding.

Abbreviations

<=lessthan

<=less than or equal to

DM =diabetes mellitus

h =hour(s)

ITT = intention-to-treat analysis
RCT =randomised controlled trial
VS = versus

DFU=Diabetic foot ulcer

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Anonymous 2011 Not an RCT
Falanga 2006 Not an RCT
Gazin 2008a Not an RCT
Gazin 2008b Not an RCT
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Study

Reason for exclusion

Kulikov 2002

Not an RCT

Abbreviations
RCT =randomised controlled trial

Characteristics of ongoing studies [ordered by study ID]

NCT01643967

Trial name or title

Clinical trial to evaluate the efficacy and safety of the use of ozone versus sunflower oil in treating
diabetic foot (PHI0Z00110)

Methods

Allocation: randomised

Endpoint classification: safety/efficacy study
Intervention model: parallel assignment
Masking: open label

Primary purpose: treatment

Participants

Ages eligible for study: 18 years and older
Genders eligible for study: both
Accepts healthy volunteers: no

Inclusion criteria: consent form signed; people with DM type | or type Il trophic lesions presenting
in the lower limbs; injury whose largest diameter is less than 5 cm; heart rate 60-100 bpm

Interventions

Experimental arm: ozone therapy; participants received topical and rectal insufflation of ozone 3
times a week on alternate days for 2 months or at least 12 sessions

Other arm: sunflower oil; participants in this arm received sunflower oil supplied by Philozon. Sun-
flower oil should be applied once daily for 60 days immediately after cleansing the lesion site

Outcomes

Primary outcome measures:

Evaluate the efficacy and safety of ozone released by the Philozon Medplus device in the treatment
of patients with diabetic foot [time frame: 65 days] [designated as safety issue: yes]

Evaluate the efficacy and safety of the release of ozone by the Philozon Medplus device in the treat-
ment of patients with diabetic foot, through clinical evaluation based on the time needed for heal-
ing, photographing and measuring the largest diameter of the lesion, in order to calculate the size
of the lesion in cm2

Secondary outcome measures:

Evaluate the release of ozone in the environment by Medplus equipment after rectal insufflation in
patients with diabetic foot [time frame: 65 days] [designated as safety issue: yes]

Evaluate environmental ozone released by the device Philozon Medplus using ozone analyser in
the clinical setting after using the device for rectal insufflation in a patient with diabetic foot

Starting date

June 2012

Contact information

Contact: Renato T Santos, Investigator 5554-3312-2099 renatotadeus@gmail.com

Contact: Keyla L Deucher, Coordinator 5554-2103-4064 pesquisaclinica.hsvp@gmail.com

Ozone therapy for treating foot ulcers in people with diabetes (Review) 24
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

NCT01643967 (Continued)

Notes

DATA AND ANALYSES

Comparison 1. Ozone versus antibiotic treatments

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Number of ulcers healed 1 100 Risk Ratio (M-H, Fixed, 95% Cl) 1.10[0.87, 1.40]
2 Reduction in ulcer area 1 100 Mean Difference (IV, Fixed, 95% Cl) -20.54 [-20.61, -20.47]
3 Length of hospitalisation 1 100 Mean Difference (IV, Fixed, 95% Cl) -8.0[-14.17,-1.83]

Analysis 1.1. Comparison 1 Ozone versus antibiotic treatments, Outcome 1 Number of ulcers healed.

Study or subgroup Ozone Antibiotic Risk Ratio Weight Risk Ratio
treatments
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Martinez-Sénchez 2005 39/51 34/49 E 100% 1.1[0.87,1.4]
Total (95% CI) 51 49 e —— 100% 1.1[0.87,1.4]
Total events: 39 (Ozone), 34 (Antibiotic treatments)
Heterogeneity: Not applicable
Test for overall effect: Z=0.79(P=0.43)
Favours Antibiotics 1 Favours Ozone

Analysis 1.2. Comparison 1 Ozone versus antibiotic treatments, Outcome 2 Reduction in ulcer area.

Study or subgroup Favours Ozone Antibiotic Mean Difference Weight Mean Difference
treatments
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Martinez-Sénchez 2005 51 -347(0.2) 49 -141(0.1) B 100% -20.54[-20.61,-20.47]
Total *** 51 49 100% -20.54[-20.61,-20.47]

Heterogeneity: Not applicable
Test for overall effect: Z=577.57(P<0.0001)

Favours Ozone

20 -10 0 10 20 Favours Antibiotic
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Analysis 1.3. Comparison 1 Ozone versus antibiotic treatments, Outcome 3 Length of hospitalisation.

Study or subgroup Ozone Antibiotic Mean Difference Weight Mean Difference
treatments
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Martinez-Sénchez 2005 51 26(13) 49 34(18) = 100% -8[-14.17,-1.83]
Total *** 51 49 - 100% -8[-14.17,-1.83]

Heterogeneity: Not applicable
Test for overall effect: Z=2.54(P=0.01)

Favours Ozone

-40 -20 0 20 40

Comparison 2. Ozone + usual care versus sham ozone + usual care

Favours Antibiotic

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

1 Number of ulcers healed

111

Risk Ratio (M-H, Fixed, 95% Cl)

1.69[0.90, 3.17]

2 Reductionin ulcer area

111

Mean Difference (IV, Random, 95%
Cl)

-2.11[-5.29, 1.07]

3 Adverse events/complica-
tions

61

Risk Ratio (M-H, Fixed, 95% Cl)

2.27[0.48,10.79]

4 amputation

61

Risk Ratio (M-H, Fixed, 95% Cl)

2.73[0.12, 64.42]

Analysis 2.1. Comparison 2 Ozone + usual care versus sham ozone + usual care, Outcome 1 Number of ulcers healed.

Study or subgroup

Ozone + Sham ozone Risk Ratio Weight Risk Ratio
usual care +usual care
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Wainstein 2011 13/31 8/30 - 73.05% 1.57[0.76,3.24]
Zhang 2014 6/25 3/25 . 26.95% 2[0.56,7.12]
Total (95% CI) 56 55 L 100% 1.69[0.9,3.17]
Total events: 19 (Ozone + usual care), 11 (Sham ozone + usual care)
Heterogeneity: Tau?=0; Chi*=0.11, df=1(P=0.75); 1>=0%
Test for overall effect: Z=1.62(P=0.1)
Favors usual care ~ 0.01 0.1 1 10 100

Favors Ozone+usual care

Analysis 2.2. Comparison 2 Ozone + usual care versus sham ozone + usual care, Outcome 2 Reduction in ulcer area.

Study or subgroup Ozone + usual care Sham ozone Mean Difference Weight Mean Difference
+usual care
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Wainstein 2011 31 -2(3.9) 30 -1.6 (1.7) + 47.37% -0.4[-1.9,1.1]
Zhang 2014 25 -6.8 (0.6) 25 -3.2(0.7) ‘ | ‘ ‘ ‘ ‘ 52.63% -3.65[-4,-3.3]
Favors Ozone+usual care 5 25 0 25 5

Favors usual care

Ozone therapy for treating foot ulcers in people with diabetes (Review)
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Study or subgroup Ozone + usual care Sham ozone Mean Difference Weight Mean Difference
+ usual care
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Total *** 56 55 — 100% -2.11[-5.29,1.07]

Heterogeneity: Tau?=4.97; Chi*>=17.06, df=1(P<0.0001); 1>=94.14%
Test for overall effect: Z=1.3(P=0.19)

Favors Ozone+usual care S 25 0 25 5 Favors usual care

Analysis 2.3. Comparison 2 Ozone + usual care versus sham
ozone + usual care, Outcome 3 Adverse events/complications.

Study or subgroup Ozone + Sham ozone Risk Ratio Weight Risk Ratio
usual care + usual care
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Wainstein 2011 5/32 2/29 e 100% 2.27[0.48,10.79]

Total events: 5 (Ozone + usual care), 2 (Sham ozone + usual care)

Total (95% Cl) 32 29 —~eli— 100% 2.27[0.48,10.79]
Heterogeneity: Not applicable

Test for overall effect: Z=1.03(P=0.3)

Favors Ozone+usual care 001 0.1 1 10 100 Favors usual care

Analysis 2.4. Comparison 2 Ozone + usual care versus sham ozone + usual care, Outcome 4 amputation.

Study or subgroup Ozone + Sham ozone Risk Ratio Weight Risk Ratio
usual care + usual care
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Wainstein 2011 1/32 0/29 e 100% 2.73(0.12,64.42]
Total (95% CI) 32 29 e — 100% 2.73[0.12,64.42]

Total events: 1 (Ozone + usual care), 0 (Sham ozone + usual care)
Heterogeneity: Not applicable
Test for overall effect: Z=0.62(P=0.53)

Favors Ozone+usual care 001 0.1 1 10 100 Favors usual care
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ADDITIONAL TABLES
Table 1. Outcomes

Study Number of ulcers healed Reduction in ulcer area Length of hospitalisation Adverse events/complica-
tions
Interven- Con- Interventions(MD+SD(N)) Control(MD+SD(N)) Intervention- Con- Interven- Con-
tions(n/N) trol(n/N) s(MD+SD(N)) trol(MD+SD(N)) tions(n/N) trol(n/N)
Martinez- 39/51 34/49 -34.660.21(51) -14.12+0.14(49) 26.0£13.0(51)  34.0+18.0(49)
Sanchez 2005
Wainstein 2011 13/31 8/30 -2.0£3.9(31) -1.6+1.7(30) 5/32 2/29
Zhang 2014 6/25 3/25 -6.84+0.62(25) -3.19+0.65(25)
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APPENDICES

Appendix 1. Search Strategies
Ovid Medline

1 exp Foot Ulcer/

2 exp Diabetic Foot/

3 (diabet* adj3 ulcer*).tw.

4 (diabet* adj3 (foot or feet)).tw.
5 (diabet* adj3 wound*).tw.
6o0r/1-5

7 exp Ozone/

8 ozon™.tw.

9or/7-8

106and9

11 randomized controlled trial.pt.
12 controlled clinical trial.pt.

13 randomi?ed.ab.

14 placebo.ab.

15 clinical trials as topic.sh.

16 randomly.ab.

17 trial.ti.

18 or/11-17

19 exp animals/ not humans.sh.
2018 not 19

2110and 20

Ovid Embase

1 exp foot ulcer/

2 exp diabetic foot/

3 (diabet* adj3 ulcer*).tw.

4 (diabet* adj3 (foot or feet)).tw.
5 (diabet* adj3 wound*).tw.
60r/1-5

7 exp ozone therapy/

8 exp ozone/

9 ozon*.tw.

10 or/7-9

116and 10

12 Randomized controlled trials/
13 Single-Blind Method/

14 Double-Blind Method/

15 Crossover Procedure/

16 (random$ or factorial$ or crossover$ or cross over$ or cross-over$ or placebo$ or assign$ or allocat$ or volunteer$).ti,ab.
17 (doubl$ adj blind$).ti,ab.

18 (singl$ adj blind$).ti,ab.

19 or/12-18

20 exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or nonhuman/
21 human/ or human cell/

22 and/20-21

2320 not 22

2419 not 23

2511and 24

EBSCO CINAHL

S23 S10 AND S22

S22 S11orS12orS130rS14 orS150rS16 or S17 or S18 or S19 or S20 or S21
S21 TX allocat* random*

S20 (MH "Quantitative Studies")

Ozone therapy for treating foot ulcers in people with diabetes (Review) 29
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S19 (MH "Placebos")

S18 TX placebo*

S17 TX random* allocat*

$16 (MH "Random Assignment")
S15 TX randomi* control* trial*

S14TX ((singl* n1 blind*) or (singl* n1 mask*) ) or TX ( (doubl* n1 blind*) or (doubl* n1 mask*) ) or TX ( (tripl* n1 blind*) or (tripl* n1 mask*))

or TX ( (trebl* n1 blind*) or (trebl* n1 mask*) )

S13 TX clinic* n1 trial*

S12 PT Clinical trial

S11 (MH "Clinical Trials+")

S10S5and S9

S9S60rS7orS8

S8 Tl ozon* or AB ozon*

S7 (MH "Ozone Therapy")

S6 (MH "Ozone")

S5S1orS2orS3orS4

S4 Tl diabet* N3 wound* or AB diabet* N3 wound*
S3 TI(diabet* N3 foot OR diabet* N3 feet ) or AB ( diabet* N3 foot OR diabet* N3 feet)
S2 Tl diabet* N3 ulcer* or AB diabet* N3 ulcer*

S1 (MH "Foot Ulcer+")

Clinical Trials Registries
Search terms:
"ozone and diabet*"

Appendix 2. Risk of bias
(1)Random sequence generation

Criteria for a judgement of 'Low risk’ of bias.

The investigators describe a random component in the sequence generation process such as:

« Referring to a random number table;

« Using a computer random number generator;
« Coin tossing;

« Shuffling cards or envelopes;

« Throwing dice;

« Drawing of lots;

« Minimisation™.

*Minimisation may be implemented without a random element, and this is considered to be equivalent to being random.

Criteria for the judgement of 'High risk' of bias.

The investigators describe a non-random component in the sequence generation process. Usually, the description would involve some

systematic, non-random approach, for example:

« Sequence generated by odd or even date of birth;
« Sequence generated by some rule based on date (or day) of admission;
« Sequence generated by some rule based on hospital or clinic record number.

Other non-random approaches happen much less frequently than the systematic approaches mentioned above and tend to be obvious.

They usually involve judgement or some method of non-random categorisation of participants, for example:

« Allocation by judgement of the clinician;

« Allocation by preference of the participant;

« Allocation based on the results of a laboratory test or a series of tests
« Allocation by availability of the intervention.

Criteria for the judgement of 'Unclear risk' of bias.

Ozone therapy for treating foot ulcers in people with diabetes (Review)
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« Insufficient information about the sequence generation process to permit judgement of 'Low risk' or 'High risk".

(2)Allocation concealment

Criteria for a judgement of 'Low risk’ of bias.

Participants and investigators enrolling participants could not foresee assignment because one of the following, or an equivalent method,
was used to conceal allocation:

« Central allocation (including telephone, web-based and pharmacy-controlled randomisation);
« Sequentially numbered drug containers of identical appearance;
« Sequentially numbered, opaque, sealed envelopes.

Criteria for the judgement of 'High risk’ of bias.

Participants orinvestigators enrolling participants could possibly foresee assignments and thus introduce selection bias, such as allocation
based on:

« Using an open random allocation schedule (e.g. a list of random numbers);

« Assignment envelopes were used without appropriate safeguards (e.g. if envelopes were unsealed or nonopaque or not sequentially
numbered);

« Alternation or rotation;

« Date of birth;

« Case record number;

« Any other explicitly unconcealed procedure.

Criteria for the judgement of 'Unclear risk' of bias.

« Insufficient information to permit judgement of 'Low risk' or 'High risk" This is usually the case if the method of concealment is
not described or not described in sufficient detail to allow a definite judgement - for example if the use of assignment envelopes is
described, but it remains unclear whether envelopes were sequentially numbered, opaque and sealed.

(3)Blinding of participants and personnel

Criteria for a judgement of 'Low risk' of bias.
Any one of the following:

« Noblinding or incomplete blinding, but the review authors judge that the outcome is not likely to be influenced by lack of blinding;
« Blinding of participants and key study personnel ensured, and unlikely that the blinding could have been broken.

Criteria for the judgement of 'High risk' of bias.
Any one of the following:

« No blinding or incomplete blinding, and the outcome is likely to be influenced by lack of blinding;

« Blinding of key study participants and personnel attempted, but likely that the blinding could have been broken, and the outcome is
likely to be influenced by lack of blinding.

Criteria for the judgement of 'Unclear risk' of bias.
Any one of the following:

« Insufficient information to permit judgement of 'Low risk' or 'High risk’;
o The study did not address this outcome.

(4)Blinding of outcome assessment
Criteria for a judgement of 'Low risk’ of bias.

Any one of the following:

« No blinding of outcome assessment, but the review authors judge that the outcome measurement is not likely to be influenced by lack
of blinding;

« Blinding of outcome assessment ensured, and unlikely that the blinding could have been broken.

Ozone therapy for treating foot ulcers in people with diabetes (Review) 31
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Criteria for the judgement of 'High risk’ of bias.

Any one of the following:

« No blinding of outcome assessment, and the outcome measurement is likely to be influenced by lack of blinding;

« Blinding of outcome assessment, but likely that the blinding could have been broken, and the outcome measurement is likely to be
influenced by lack of blinding.

Criteria for the judgement of 'Unclear risk' of bias.
Any one of the following:

« Insufficient information to permit judgement of 'Low risk' or 'High risk’;
o The study did not address this outcome.

(5)Incomplete outcome data

Criteria for a judgement of 'Low risk’ of bias.
Any one of the following:

« No missing outcome data;
« Reasons for missing outcome data unlikely to be related to true outcome (for survival data, censoring unlikely to be introducing bias);
« Missing outcome data balanced in numbers across intervention groups, with similar reasons for missing data across groups;

« Fordichotomous outcome data, the proportion of missing outcomes compared with observed event risk not enough to have a clinically
relevant impact on the intervention effect estimate;

« For continuous outcome data, plausible effect size (difference in means or standardized difference in means) among missing outcomes
not enough to have a clinically relevant impact on observed effect size;

« Missing data have been imputed using appropriate methods.
Criteria for the judgement of 'High risk' of bias.
Any one of the following:

« Reason for missing outcome data likely to be related to true outcome, with either imbalance in numbers or reasons for missing data
across intervention groups;

« For dichotomous outcome data, the proportion of missing outcomes compared with observed event risk enough to induce clinically
relevant bias in intervention effect estimate;

« For continuous outcome data, plausible effect size (difference in means or standardised difference in means) among missing outcomes
enough to induce clinically relevant bias in observed effect size;

« 'As-treated' analysis done with substantial departure of the intervention received from that assigned at randomisation;
« Potentially inappropriate application of simple imputation.

Criteria for the judgement of 'Unclear risk' of bias.
Any one of the following:

« Insufficient reporting of attrition/exclusions to permit judgement of 'Low risk' or 'High risk' (e.g. number randomised not stated, no
reasons for missing data provided);

« The study did not address this outcome.

(6)Selective reporting

Criteria for a judgement of 'Low risk' of bias.
Any of the following:

« The study protocol is available and all of the study's pre-specified (primary and secondary) outcomes that are of interest in the review
have been reported in the pre-specified way;

« The study protocol is not available but it is clear that the published reports include all expected outcomes, including those that were
pre-specified (convincing text of this nature may be uncommon).

Criteria for the judgement of 'High risk' of bias.
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Any one of the following:

« Not all of the study's pre-specified primary outcomes have been reported;

« One or more primary outcomes is reported using measurements, analysis methods or subsets of the data (e.g. subscales) that were
not pre-specified,;

« One or more reported primary outcomes were not pre-specified (unless clear justification for their reporting is provided, such as an
unexpected adverse effect);

« One or more outcomes of interest in the review are reported incompletely so that they cannot be entered in a meta-analysis;

o The study report fails to include results for a key outcome that would be expected to have been reported for such a study.

Criteria for the judgement of 'Unclear risk' of bias.
« Insufficientinformation to permit judgement of 'Low risk' or 'High risk'. It is likely that the majority of studies will fall into this category.

(7)Other bias

Criteria for a judgement of 'Low risk' of bias.

« The study appears to be free of other sources of bias(extreme baseline imbalance and sponsorship bias).
Criteria for the judgement of 'High risk' of bias.

There is at least one important risk of bias. For example, the study:

« Had a potential source of bias related to the specific study design used; or
« Has been claimed to have been fraudulent; or
« Had some other problem.

Criteria for the judgement of 'Unclear risk' of bias.
There may be a risk of bias, but there is either:

« Insufficient information to assess whether an important risk of bias exists; or
« Insufficient rationale or evidence that an identified problem will introduce bias.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

We have added 'Summary of finding' tables in both the Methods and Results sections. Meanwhile, we changed the inclusion criteria, as
we added "Ozone therapy combined with a concomitant treatment compared with any other intervention used to promote healing, such
as antibiotics, topical agents or usual care based, as long as the same concomitant treatment was used in both groups." in the inclusion
criteria. We also specified that sham acupuncture in combination with any of those other interventions used to promote healing was
eligible as a control.

INDEX TERMS

Medical Subject Headings (MeSH)

Anti-Bacterial Agents [therapeutic use]; Diabetes Mellitus, Type 1 [*complications]; Diabetes Mellitus, Type 2 [*complications];
Diabetic Foot [*therapy]; Ozone [*therapeutic use]; Randomized Controlled Trials as Topic

MeSH check words

Adult; Humans
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