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Background: Drug therapies have been widely applied for pain management, however, there are important
side effects such as those related to corticosteroids and opioids. Recent studies demonstrated promising
results using medical ozone as a safe, effective, and low-cost intervention for pain control. Objective: to
review and critically analyze clinical studies that used ozone therapy for musculoskeletal pain. Methods:
a literature search of various databases was performed to identify relevant studies. From a total of 249
records, 27 studies were included. Quality indicators, human and device factors that strongly influence
the generation of evidence were considered, such as study design and device safety. We also mitigated
biases, considering the safety and efficacy of the intervention itself. Results: Regarding safety, 77 (8%) of
studies reported no adverse effects; concerning efficacy outcomes, medical ozone shows to be an effective
intervention on musculoskeletal pain control. Important information about used devices were missing.
Conclusions: medical ozone shows to be safe and effective; qualification of health professionals as well as
the device safety are mandatory. However, there is a lack of requirements to identify the best therapeutic
scheme; further longer, clinical and rigorous trials are needed.

INTRODUCTION age pain, including medication, physical, and mechanical
therapies. However, these methods are not always effec-

Pain is a common condition that affects many peo-  tijve and can cause side effects. Medical ozone applied
ple’s quality of life. Various treatments are used to man- 4 ozone therapy is a complementary approach that is
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Figure 1. Data search strategy.

gaining increasing popularity in pain management.

Ozone therapy is a medical technique that uses
ozone gas injection as a complementary treatment for a
wide range of conditions, including chronic pain. This
intervention has been used for decades as an option for
many health conditions, like tissue repair, antimicrobial
property, and others [1-4]. According to the literature,
ozone therapy can relieve pain due to its analgesic and
anti-inflammatory properties [5,6]. Furthermore, ozone
therapy can be performed safely and effectively without
causing serious side effects [7-11].

Generating evidence about new therapeutic options
in pain control is a challenge. Many clinical studies for
safety and efficacy of various interventions for musculo-
skeletal disorders have been performed in fields which are
considered promising for chronic degenerative diseases,
as regenerative medicine [12,13] and medical ozone add-
ed to other innovative therapies, such as stem cells and
platelet-rich plasma (PRP) [1,14-18] have been hardly
discussed. Unfortunately, most studies do not meet the
necessary methodological rigor for scientific evidence
generation, keeping alive studies with high risks of bias
presenting unreliable results. In this review we performed
a critical assessment of clinical studies and to achieve
this goal we set specific requirements as follows: if study
designs are appropriate; an adequate and representative
sample size; long-term follow-ups, and others described
throughout the text. These clinical qualitative indicators
were identified in each study included in this scoping
review and are highlighted and discussed. In addition,
we included other indicators that are considered of great

relevance to meet all the necessary criteria for identifying
evidence in clinical trials outcomes having medical ozone
as complementary intervention for pain control.

MATERIALS AND METHODS

Study Design and Data Search Strategies

This study is a scope review of clinical trials using
complementary ozone therapy for pain control. At first,
literature search of the following databases was per-
formed to identify relevant studies: PubMed, Medline,
Web of Science, Elsevier, Trip Database Research Gate,
and Cochrane Library. Keyword search terms includ-
ed ozone therapy, medical ozone, safety, clinical trials.
Studies with two decades of publication were included.
Languages were restricted to Portuguese, Spanish, and
English. Data search strategy is shown in Figure 1.

Selection Criteria

Pilot studies, prospective, randomized, and non-ran-
domized clinical trials were included in the review.
Reviews, case controls, case reports or case series, and
pre-clinical or in vitro studies were excluded. Only stud-
ies where clinical intervention was limited to administra-
tion of medical ozone to adult participants (minimum five
participants per study) were eligible for inclusion in this
review.

Data Extraction

We identified 249 records to include. A research team
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Figure 2. Clinical studies worldwide using medical ozone as intervention.

composed of PhDs and Master’s degrees read and ana-
lyzed the abstracts of screened papers (n=217), after re-
moving duplicates, and those studies that did not meet the
inclusion criteria (n=188) were excluded. The remaining
studies (n=36) were read fully and included based on the
eligibility criteria. At the end of search, five articles fully
read were also excluded due to some divergences from the
purpose of the study. In order to search for other studies
that by chance were not found in the previous search, the
references of each included study were searched again for
additional findings. Twenty-seven (n=27) clinical studies
were included in this review. A summary of the studies
reviewed are presented in Figure 1.

RESULTS AND DISCUSSION

Clinical Studies Worldwide Using Medical Ozone
as Intervention

Various studies applied to humans with similar de-
signs were reviewed. Considering that medical ozone
currently is used on clinical practice for many health
professionals in different conditions and countries, these
studies are important to generate evidence about this ther-
apeutic option. Even though many potential benefits of
ozone to the musculoskeletal system are already known
[19-21], it is necessary to the development of trials that
may analyze administration techniques, with safe vol-
ume, concentration, and safe routes through the use of
ozone generators with rigorous quality controls to reach
the best results for good clinical practices.

Figure 2 shows clinical trials in development around
the world using medical ozone as intervention. To find
these studies, we used the following strategies: data
search in different platforms for registered trials, such as
Cuban Public Registry of Clinical Trials (RPCEC), Peru-

vian Clinical Trial Registry (REPEC), Brazilian Registry
of Clinical Trials (ReBEC), International Clinical Trials
Registry Platform, and ClinicalTrials.Gov. Key words
applied were pain; ozone; medical ozone; ozone therapy.
We found in this search 58 clinical trials for pain distur-
bances. It was necessary to eliminate the duplicates iden-
tified (7), then we excluded the trials that did not meet
our research criteria. At the end of search, we had a final
number of 21 clinical trials, where five of them are from
Brazil; five trials from Egypt; five from Turkey; two from
Iran; two from Spain; one from Israel, and one last trial
from Italy. For more detailed information, see Figure 2.

Clinical Features of Studies Reviewed

Figure 3 shows the main clinical features presented in
the clinical studies reviewed. Considering the eligibility
criteria of this review, the condition of the disease studied
is related to acute or chronic musculoskeletal pain, where
most of the studies are related to low back pain includ-
ing lumbar disc herniation and/or lumbar degeneration
disease. We considered studies eligible to include other
pain from conditions that may have a relationship with
the area of study interest. The registry in specifics plat-
forms of Clinical trials was not applicable to all studies
reviewed, as some of them are not fully characterized as
studies of Phase I, II, or III. Furthermore, as we had con-
cerns about quality indicators, we included studies that
demonstrated reliability, traceability, and reproducibility
in their results, even though some are not randomized,
blinded (masked), controlled clinical trials.

The outcome measure variables were based on
quantitative tools for pain measurement. Among them,
the visual analogic scale (VAS) is the most used in the
studies, when we consider the primary outcomes. Other
measurement methods were Oswestry Disability Index,
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Figure 3. Clinical features of reviewed studies.

Western Ontario and McMaster Universities (WOMAC)
questionnaire, McNab classification, image, and dental
exams.

The results presented in the reviewed studies were
clinically and statistically significant, most of them show-
ing differences in favor of groups of ozone intervention.
We noticed a trend in pain relief from implementation
and after 6 months of intervention. It reinforces the estab-
lishment of longer follow-ups in human studies, this issue
we will discuss in the next section of this review.

Therapeutic Scheme

Table 1 presents the therapeutic scheme applied
on subjects of the reviewed studies. We noticed a wide
variability of concentrations/doses ranging from 20 mcg
to 40 mcg, which is considered a moderate to high dose
range [22,23]. The volume of ozone gas ranged from 3 ml
to 20 ml except for two studies that used autohemothera-
py which needs a larger volume. The active comparators
chosen on the studies were mostly steroids, but magne-
sium and PRP were also mentioned.

The routes of administration presented by the au-
thors were local injections minimally invasive, except for
two studies that used major autohemotherapy and endo-
venous. All local active comparators were also minimally
invasive, as ozone intervention.

The ozone generators have an important paper on the
safety and efficacy of the gas as a therapeutic option. Effi-
ciency and rigorous quality control of these devices allow
researchers and health professionals to use a concentra-

syndrome [1, 3.7%]
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Dental pain
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|
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~
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tion and a volume strictly defined for each treatment
plan, establishing standards and treatment methods, and
controlling variables not foreseen in the study protocols
or patients’ records. In the reviewed studies, 10 did not
mentioned the generator used in the trials.

There is a concern about using ozone therapy as a
complementary option because of its various options of
administration. The success of an intervention is influ-
enced by different factors: the experience and legal quali-
fication of the professional who is practicing, the severity
of illness or condition, the therapeutic scheme chosen,
considering all the points we discussed before, and the
quality of ozone gas generator. Therefore, we understand
that reproducibility and traceability are essentials for pro-
tecting subjects and patients from damage and iatrogenic
conditions resulting from this therapy.

Guidelines of Quality Requirements for Ozone
Devices

The ozone generator is a device that converts oxygen
into ozone in a controlled manner. The main technologies
used for ozone generation in medical application gener-
ators are electrical discharge and UV light, the former
being more efficient and reliable.

The quality parameters that must be taken into ac-
count in the generation of ozone are quality of the oxygen
used, constructive characteristics of the equipment, and
application conditions, as commented upon below.

Oxygen quality: According to ISCO3 [24], the equip-
ment must produce ozone from medical oxygen, with a
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minimum purity of 99.5%. In this way, it is also guar-
anteed that the oxygen is free of moisture, a factor that
impairs the quality of the ozone generated.

Constructive characteristics of the generator: The
constructive characteristics of the generator must meet
the following requirements: external and internal piping,
rigid or flexible, as well as all connections, made of 0zone
resistant material; ability to measure real-time ozone
concentration using a photometric method, algorithmic
calculation methods, or both; fully reliable internal venti-
lation or ventilation system, which must stop ozone gen-
eration when there is not enough of it; high quality ozone
generating cell material, the most recommended material
being quartz glass. In addition, solenoid valves must be
used to open or close the oxygen intake and/or the O%
O* mixture outlet; an internal or external cleaning pump
must be connected to the generator, connected to a cata-
lytic destroyer; and finally, an internal catalytic destroyer
or directly connected to the generator to eliminate the
possibility of ozone escaping into the ambient air [24].

Conditions for application: For the use of ozone gas,
the ozone generator equipment must present technical
characteristics and functionalities that guarantee the ef-
fectiveness in the delivery of the gas, safety for the user
and patient, and efficiency in the consumption of resourc-
es.

Device effectiveness: Efficacy is the ability of the de-
vice to produce the expected result in terms of quality and
effectiveness. In the application of the ozone generator
for medicinal purposes, factors that must be considered
to achieve effectiveness in the use of the gas are [24]: the
user must be able to easily identify and adjust the desired
ozone concentration between 1 pg/mL and 80 pg/mL,
with increments of 1 pg/mL. The margin of error must
not exceed +10%; the outlet nozzle must be protected
against the flow into the generator of any unwanted solid
or liquid contaminants when not in use; it must allow
easy fitting and detaching of a syringe to be filled; it must
not allow any ozone to escape from the generator into the
ambient air, allowing for easy cleaning and disinfection.
In addition, it is recommended that the ozone output flow
be adjustable, to better suit different applications. The
concentration and flow must be tested in the laboratory
with the issuance of the respective report or certificate
and the ozone generator must be registered with the
competent health authority of each country where the
device is used. As for maintenance and -calibration,
these must be carried out at intervals established by the
manufacturer or by local legislation.

Device Efficiency: Another important factor to be
considered is the efficiency in the application of ozone
gas, considering the entire life cycle of the equipment,
from design, through construction, use and final disposal.

Efficiency is the ability of the device to produce

Aradjo et al.: Medical ozone as therapy for pain

the desired result using the least possible resources. It
focuses on optimizing resources, such as producing the
concentration of ozone with the lowest consumption of
electricity.

Some impact factors are relevant to efficiency, such
as: initial investment of the equipment, where attention
must be paid in the development of the project, to the
cost ratio of the component x energy consumption for
operation, considering the useful life of the device. Soft-
ware is another impact factor, where programs must be
developed to manage the operation of the equipment in
order to consume less energy and oxygen.

Device Safety: The equipment can have its operation
monitored through sensors and intelligent software, im-
proving the control of its operation and management of
its resources. As a result, better levels of effectiveness,
safety, and efficiency can be achieved.

Another way to ensure user safety is the presence of
alarms and alerts (visual, digital, and/or audible) that in-
form about irregular functioning or failures during its use.

Quality Indicators Related to Evidence in Clinical
Trials Using Ozone Therapy for Pain Control

In this section, information gathered from the select-
ed trials are described in Appendix A and included the
following variables: study design, interventions, sample
size, age range, blinding (masking), allocation methods,
pairing, follow-up, clinical trial registry, and ethical con-
siderations. We consider that all the issues here analyzed
work as quality indicators of human studies and will help
us to understand the limitations and vantages on generat-
ing evidence of the clinical trials included in this review.

Sample size: Clinical studies are essential for deter-
mining the efficacy and safety of new treatments, drugs,
and medical devices. The results of these studies play a
critical role in determining whether a new intervention
will be approved for widespread use and ultimately ben-
efit patients. One of the most crucial aspects of a clinical
study is the sample size, which can greatly impact the
validity and reliability of the results.

A sample is a subset of the population that is select-
ed for study, and the sample size refers to the number of
individuals included in the sample. The choice of sample
size is important because it affects the statistical power
of the study. Statistical power refers to the ability of a
study to detect an effect if it exists. A study with a small
sample size may have low statistical power, making
it difficult to detect an effect even if it is present in the
population. Conversely, a study with a large sample size
may have high statistical power, increasing the chances
of detecting an effect if it exists. The larger the sample,
the greater the power and confidence of the study. In ad-
dition, an adequate sample size allows for the occurrence
of randomization. Different designs need specific sample



Aradjo et al.: Medical ozone as therapy for pain

Sample Size of Participants and Follow Up Time by Research Group
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Figure 4. Sample size of participants and follow-up of reviewed studies.

sizes. For instance, pilot studies are designed with short
samples, while phase 2/3 clinical studies need a larger
number of subjects to validate the findings and assure,
they have causality with the intervention. Figure 4 shows
the sample sizes in 27 reviewed studies, varying from
minimum of five subjects to maximum of 2900 subjects.

The sample size also affects the precision of the study
results. Precision refers to the degree of variability in the
results. A study with a large sample size will generally
have lower variability, resulting in more precise results.
This increased precision can lead to more reliable conclu-
sions about the efficacy and safety of a new intervention.

The choice of sample size also affects the generaliz-
ability of the results. Generalizability refers to the ability
to apply the results of a study to other populations. A
study with a large sample size is more likely to be rep-
resentative of the population, increasing the chances that
the results can be generalized to other populations.

A study with a large sample size increases the chanc-
es of detecting an effect if it exists, increases precision,
and increases generalizability. It is essential for research-
ers to carefully consider the sample size in their studies to
ensure that the results are valid, reliable, and applicable
to other populations.

Matching and Age Range: Matching is a statistical
technique used in clinical studies to match or balance
groups of participants regarding important variables such
as age, sex/gender, medical history, among others. The
objective of pairing is to reduce the influence of these
variables in the analysis of study results, to guarantee that
the differences between groups are attributed to the treat-
ment or to the factor of interest in assessment, and not to
other variables.

Age is an important variable in many clinical studies,
as it can affect response to treatment or the factor of inter-

est. In addition, it is common to have a large age variation
among participants in clinical trials.

In these situations, it is important to consider age
when pairing participants. This is done to ensure that age
variation does not affect study results and that differences
between groups are attributable to treatment or the factor
of interest rather than age. Pairing can be done in several
ways, such as pairs, blocks, or layering.

Age range in clinical studies must be divided into
subgroups, to create pairings as homogeneous as possi-
ble. It will allow realistic comparisons among the subjects
enrolled in the study. If age range is very large, distinct
standards of comparison will prevail regarding human
physiological dimension.

In our review, we identified in most of the 27 studies
a huge discrepancy among minimal and maximum age
of subjects, hindering an assertive analysis of the results
(Figure 5).

Randomization: Randomization is considered one of
the main strategies to minimize the influence of extrinsic
factors on the results of clinical studies [25]. It helps to
avoid systematic selection of participants who may have
a different response to treatment or who may be more
predisposed to developing adverse effects, which could
compromise the validity of the results.

Randomization is carried out at random, which
means that each participant has an equal chance of being
included in any one of the treatment groups. This helps to
ensure that participant characteristics are similar across
groups, which is important for assessing the efficacy and
safety of the treatment or medication in question.

Furthermore, randomization allows differences be-
tween groups to be attributed to treatment or medication
rather than to other factors such as age, sex/gender, or
medical history of participants [25]. This is crucial so that
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Figure 5. Age range of subjects enrolled in clinical studies using ozone therapy.

study results are reliable and can be used to make clinical
decisions. In clinical trials it is recommended the possibil-
ity of subjects to be assigned by chance. Randomization
provides a way of determining the effects of interventions
[26], avoiding allocation bias and inconsistences in the
results. Fourteen studies in this review had randomization
in their design.

Allocation methods: For the results of clinical trial
studies to be valid, it is crucial that participants are allo-
cated appropriately between treatment groups. We iden-
tified 11 studies that described their allocation methods.

Various allocation methods are used to ensure that
the allocation is fair and balanced. One of the most com-
mon methods is simple randomization, which consists of
randomly allocating participants to one of the treatment
groups [25]. This method is easy to implement and allows
the characteristics of the participants to be similar be-
tween the groups, which is important to assess the effica-
cy and safety of the treatment or medication in question.

Another method is stratified randomization, which
consists of subdividing participants into homogeneous
groups based on relevant characteristics, such as age or
medical history, and then randomly allocating them to
one of the treatment groups [26]. This method allows for
a more even distribution of participants across groups,
which can increase the accuracy of results.

In addition, the block allocation method is used
when it is desired to avoid imbalances between treat-
ment groups [25]. In this method, participants are allo-

cated into groups of fixed size, which are called blocks.
Randomization is performed within each block, which
ensures that the distribution between treatment groups is
more balanced.

Masking, a key element for reliable results: The
findings from clinical studies play a critical role in guid-
ing clinical decision-making and shaping health policy.
Therefore, it is crucial to ensure that the results of clinical
studies are accurate, reliable, and free from bias. One
important strategy for achieving this goal is to use a tech-
nique known as masking.

Masking is the process of concealing the treatment
allocation of study participants from the individuals who
are evaluating the outcomes of the study. This can be
done in several ways, including single-masking, where
only the participant is unaware of their treatment alloca-
tion, or double-masking, where both the participant and
the evaluator are masked to the treatment allocation.

The importance of masking in clinical studies is
widely recognized and has been demonstrated in nu-
merous studies and meta-analyses. A systematic review
of randomized controlled trials (RCTs) [27] showed that
masking reduced the risk of performance bias, which
occurs when the knowledge of treatment allocation influ-
ences the assessment of outcomes. Furthermore, masking
also reduced the risk of detection bias, which occurs
when the knowledge of treatment allocation influences
the measurement of outcomes.

Another systematic review [28] found that mask-
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ing was associated with a reduction in the risk of bias
in RCTs. They also found that studies that were sin-
gle-masked had a higher risk of bias than studies that
were double-masked.

Masking can also help to reduce the influence of pla-
cebo effects, which can have a significant impact on the
outcomes of clinical studies. Placebo effects occur when
the mere expectation of receiving a treatment has an im-
pact on the observed outcome, regardless of the actual
treatment received. In double-masked studies, the place-
bo effect is equalized between the treatment and control
groups, reducing the risk of bias in the results.

In addition, masked studies are more likely to pro-
duce accurate and reliable results, which are essential
for guiding clinical decision-making and shaping health
policy. In our search, there were 11 studies non-masked,
12 fully masked, and four single-masked.

Follow-up: Clinical studies play a critical role in
evaluating the safety and efficacy of new medical inter-
ventions, such as drugs, devices, or procedures. However,
the results of a clinical study are not always representative
of the long-term outcomes of the intervention. Therefore,
follow-up is an essential component of clinical research,
as it provides valuable information about the long-term
safety and efficacy of the intervention being studied.

Follow-up refers to the ongoing monitoring of par-
ticipants in a clinical study after they have received the
intervention. This can include periodic assessments of
health status, ongoing monitoring of side effects, and
the collection of data on the long-term outcomes of the
intervention. The length of follow-up can vary depending
on the nature of the intervention and the outcome being
studied, but it can last for many years after the completion
of the study.

One of the primary benefits of follow-up in clinical
studies is that it allows researchers to assess the long-term
safety and efficacy of the intervention. For example, a
study may show that an intervention is effective in the
short-term, but follow-up can reveal that the intervention
is associated with significant side effects or long-term
complications identifying adverse events that may not be
noticed in a short period of time. In these cases, follow-up
can inform clinical decision-making and help to ensure
that the intervention is used safely and effectively. It is
strongly recommended for new therapeutic approaches in
clinical trials the follow-ups must be designed to have a
long-term duration [26,29]. In this review as shown in
Figure 4, we identified by a red line across the studies
the follow-up period, where it has a high variability. Of
all 27 studies, nine presented follow-ups equal or over 12
months; 11 studies had 6 months follow-up; and seven
studies were defined in this review with a short follow-up
for their participants, covering a period of less than 6
months.

393

Regarding the benefits of establishing a long-term
follow-up, it certainly helps to identify unexpected side
effects or complications of the intervention. For instance,
a study may show that an intervention is effective in the
short-term, but follow-up may reveal that the interven-
tion is associated with serious side effects or long-term
complications that were not initially recognized. In these
cases, follow-up can help to ensure that the intervention
is used safely and effectively and can inform clinical de-
cision-making.

In addition, follow-up can also provide valuable
information about the natural course of the condition: a
study follow-up of several years after the completion of
the study which intends to assess the long-term outcomes
of the condition will possibly identify the factors that may
influence the progression of the condition. This informa-
tion can be used to improve the care of individuals with
the condition and to develop more effective interventions
in the future.

Clinical trial registration and ethics information:
Ethics is of huge importance concerning human trials,
to guarantee the subjects safety and the quality of study
conduction according to good clinical practices. Trials
registry is also an important issue because it shows trans-
parency regarding the design of the study, in addition to
being a form of scientific dissemination of information
with other researchers. We collected data about clinical
trials registry and ethics, but some studies did not men-
tion this information.

Adverse events: Although ozone therapy has been
widely used and has been reported to be a generally
well-tolerated technique, there are concerns about po-
tential adverse events associated with it. Several clinical
studies have examined adverse events associated with
ozone therapy. A randomized, double-blind, place-
bo-controlled RCT of patients undergoing ozone therapy
for the treatment of chronic low back pain found that the
technique was well tolerated, and no serious side effects
were reported [6]. However, another study with patients
undergoing ozone therapy for the treatment of chronic
headache found that some patients experienced acute
pain and ecchymosis at the site of administration of the
therapy [30].

Furthermore, there is evidence that ozone therapy
may increase the risk of adverse reactions in patients with
a history of allergy to ozone or other medicinal gases
[31-33]. Therefore, it is important that patients with a his-
tory of allergy inform their physician before undergoing
ozone therapy.

The intensity of adverse events may vary from pa-
tient to patient, but it is important that they be evaluated
in terms of their relationship with ozone therapy. A cau-
sality analysis helps determine whether the adverse event
was caused by ozone therapy or by other factors. Some
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Adverse Events Identified According to Intensity and Severity
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Figure 6. Adverse events according to location, intensity, and severity.

adverse events probably are related to ozone therapy if
they occur shortly after administering the therapy and
disappear quickly. Other adverse events are considered
unrelated to ozone therapy if there is no clear temporal
relationship between therapy administration and the ad-
verse event.

The assessment of the causality and intensity of ad-
verse events is important to ensure patient safety and to
better understand the potential risks of ozone therapy. In
addition, this assessment can also help to improve rec-
ommendations for the use of ozone therapy in specific
patients.

Considering the severity rating of adverse events as-
sociated with ozone therapy, the literature shows it varies
widely, from mild reactions such as local pain, to severe
reactions such as systemic allergic reactions. It is import-
ant that clinicians and patients are aware of the possibility
of adverse events and carefully weigh the risks and bene-
fits of ozone therapy.

The assessment of the severity of adverse events can
be influenced by factors such as the dosage and method of
administration of ozone therapy. Therefore, it is important
for clinicians to follow strict safety and dosing protocols
to minimize the risk of adverse events development and
either carefully consider the potential benefits and risks
before undergoing ozone therapy.

Figure 6 shows the adverse events reported in the
27 reviewed studies, where according to intensity and
severity, 77.8% had no adverse events; 14.8% were mild
adverse events; 3.7% were considered moderate adverse
events, and 3.7% serious adverse events. Among the se-
vere adverse events, none was related to death or disabili-

ty. Furthermore, these events were also classified as local
or systemic, as follows: 18.5% had local events and 3.7%
of studies had systemic adverse events.

CONCLUSION

We performed a deep review of clinical studies using
medical ozone for pain control. Among these conditions,
low back pain was the most studied over the last few de-
cades. Based on the identified scientific data, where low
risks were identified for the use of medicinal ozone as a
complementary therapy for treating musculoskeletal pain,
we consider this intervention safe, which is confirmed by
the report of few adverse events in the 27 clinical studies
reviewed, most of which are classified as mild, followed
by moderate adverse events. Furthermore, we identified
that these events were mostly developed in the site of
infusion. We also believe that ozone therapy, performed
with concentrations and volumes with a lowest possible
dose, with gas release and production performed by a
reliable generator, is certainly a new approach for many
conditions related to human motricity. Additionally, we
assert that medical ozone therapy is both a safe and effec-
tive treatment option for managing musculoskeletal pain.

Although there is growing evidence that ozone ther-
apy is effective in pain management, there is still a need
for more research to fully understand the variables of this
approach and to assess its effectiveness compared to oth-
er pain management methods, considering criterion stan-
dard or new ones. However, current evidence highlighted
in this review suggest that ozone therapy may be a viable
option for those seeking safe and effective pain relief.
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We believe this study contributes valuable insights
into the potential of ozone therapy yet underscores the
importance of continued research to fully establish its
comparative effectiveness in pain management. We also
reinforce the need for the development of new clinical tri-
als with long-term follow-ups, with the inclusion of more
homogeneous samples, having reliable controls of quality
for both study design and ozone devices.

Further and finally, we understand that the well-being
and protection of study participants is a high priority in
the development of clinical trials, therefore we strongly
recommend that the application of medicinal ozone must
be carried out by trained professionals, to further mini-
mize the possible risks related to the intervention.
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Appendix A.
Quality indicators for generating evidence in trials using ozone therapy for pain control.

Intervention in ‘Sample size of Clinical Trials
Dol Study design g Age Range (years) Randomization Pairing Follow up bratian Ethies information
Bonnet etal. 2005 RET
1 Yes No 306 2672 Yes Single blinded No 6 months Not mentioned
Clavo etal. 2013 Pilot
2 Yes No s 33.65 No No No 65 months No
3 NRCT Yes Yes 47 2478 No No No No 3 months. Not Applicable Yes
4 [Oallue etal. 2007 ReT Yes Yes 159 1871 Yes Yes Yes No 6 months Not mentioned Yes
Killc etal. 2020 Retrospective cohort
5 Yes Yes 520 2056 No No No 12months | Notmentioned Yes
¢  [Mioetal2008 [Prospedtve cofiort Yes No 2900 19-86 No ‘ No No 12months | Not mentioned ‘
7 [Mibetaianod Eioseectve cohion Yes No 2200 1380 No No No No 12months | Notmentioned
|Andreulla etal. 2003 NRCT, single blinded
8 Yes Yes 600 20-80 No No Single blined No 6 months Not mentioned Yes
Elawamy etal 2021 gﬂ:\tﬂi‘: BRI
9 Yes Yes 50 2060 Yes Single blinded No 6 months Yes Yes
10 |E2eldin etal. 2018 Prospaotve Tial Yes Yes 52 27-87 No i No No 6 months. Not mentioned Yes
Tireli et al. 2019 NRCT, not biinded
n Yes No 65 3072 No No No No ‘ No ‘
Prospective abservational average age 48.63 +
12__|Rodrl al.20 aoher Yes No 55 13.54 Yes Yes Not mentioned | 96 weeks Not mentioned
Multicenter randomized,
Paoloni et al. 2008 double-blind, simulated
13 iherapy-controlled trial Yes Yes 60 1865 Yes Yes Yes Yes 6 months Not mentioned Yes
Randomized, double-
Gautam etal. 2011 blinded, non controlled
14 elinical tial Yes Yes o1 1660 Yes Yes Yes No 12months | Not mentioned Yes
Randemized, double-
Fathy etal. 2022 blinded, non controlled mean age 58.93 +
15 Yes Yes 135 13.28 Yes Yes Yes Notmentioned | 6 months Yes Yes
Babaci-Ghazani etal. 2019 moan age 57.6 £
16 clinical tial Yes Yes 30 12,6 (>20yo) Yes Yes Yes Not mentioned | 2 months. Yes Yes
17 [Beoloetal 2008 Randomized dathie contrd Yes Yes 28 <80yo Yes Yes No Notmentioned | 45 days Not mentioned Yes
ha etal. 2021 ReT
18 Yes No 108 1865 Yes Yes Yes Yes 1week Yes Yes
Erkalic etal. 2020 RNGT
18 Yes Yes 65 18-75 Yes Yes Yes No 6 months Not mentioned Yes
gg [Resiasadaistal. 2021 RCr Yes Yes 238 50-75 Yes Yes Single blinged Yes 12 months Yes Yes
[Vanni etal. 2016 Observational
21 Yes Yes 51 mean age 58.6 No No No No Yes
Zhangetal. 2013 [Erospadiiy aasa-canal,
2 single-blinded Yes Yes 172 2359 No No No No 12months | _ Not Applicable ]
Prospectve randomized
2o (Sfponsetnliaca riat Yes Yes 20 >18y0 Yes Yes Yes No 6 months Not mentioned Yes
Magalhdes etal, 2013 Pilot
24 i ! Yes No 13 18-70 No No No No 6 months Not mentioned Yes
25 |Lopes de Jesusetal. 2017 RCT Yes No 98 60-85 Yes Yes Yes No 16 weeks Yes Yes
Non-randomized,
26 |ozcan etal. 2018 open abel Yes No 63 mean age of 533 2.0 No No No No 24months | Not mentioned Yes
Randomized double
27 Perri etal, 2015 blinded controlled trial Yes Yes 154 23-62 Yes Yes Yes Yes 6 months. Not mentioned Yes




