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Ragquel Pereira de Lima Abstract: OBJECTIVE: To explore and analy-

Natal - Rio Grande do Norte ze the most recent and relevant studies that
http://lattes.cnpq.br/7957209931252771 address the potential of ozone therapy in re-

lieving chronic pain. METHODS: We used
Valeska Cristina Bulhoes de Souza the SciELO and PubMed databases, using the
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following search strategy: “Ozone Therapy”
AND “Chronic Pain’, to carry out this litera-
ture review. We included articles in English
or Portuguese, published in the last 5 years,
Universidade Potiguar and studies relati'ng tbe appliccfttion of ozone
Natal - Rio Grande do Norte therapy to' chronic pain. 69 articles were fou-
https://orcid.org/0000-0002-0184-2061 nd, of which 18 were selected for this study.
RESULTS: The results obtained reinforce the
growing relevance of ozone therapy as a thera-
peutic option in various conditions associated
with chronic pain, whether in the context of
joint diseases, fibromyalgia, low back pain or
other musculoskeletal injuries. This is related
to ozone’s ability to modulate inflammatory
processes, induce oxidative stress and ultima-
tely promote tissue regeneration. CONCLU-
SION: This study demonstrates that ozone
therapy is an effective resource in the mana-
gement of chronic pain, especially in rheuma-
tological complaints, since it will provide an
anti-inflammatory effect and reduce oxidative
stress, resulting in pain relief in the short and
medium term. However, more studies are ne-
eded to develop a safe protocol for the use of
ozone therapy in chronic pain.

Keywords: Ozone therapy; Chronic pain;
Knee osteoarthritis; Low back pain.

Ricardo Ney Cobucci

INTRODUCTION

Pain is a sensory and emotional experience
that is unpleasant or reminiscent of the sen-
sation caused by actual or potential tissue da-
mage. In this sense, chronic pain is characte-
rized by persistence for a period of more than
three months, regardless of the degree of re-
currence, intensity and functional or psycho-
social implications'. Due to the intensity and
difficult management of chronic pain, various
medications such as analgesics and anti-in-
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flammatories (including corticosteroids) are
used, which are often not enough®.

In Brazil, chronic pain is one of the greatest
demands on primary health care and the cau-
se of referrals to secondary care”. This condi-
tion is responsible for high public spending on
health systems, great incapacitation of indivi-
duals of all ages and, consequently, an inten-
se reduction in the quality of life and outlook
for the population in general. Musculoskeletal
pain is generally related to chronic inflamma-
tory processes and immune hyperactivation,
causing functional incapacity in patients®.

Given this situation, ozone therapy in me-
dicine is becoming a growing reality, with
more and more professionals making use of
this therapeutic tool for pain relief, due to its
effect on immune and inflammatory modula-
tion *°. The technique is a treatment that uses
the oxidative potential of ozone (O3), which
exerts anti-inflammatory, analgesic and an-
tioxidant actions, involving a gaseous mixture
with oxygen, called medical ozone (0203)©.

Given the potential of ozone therapy and
the controversies surrounding its benefits,
this study aims to explore and analyze the re-
lationship between its application and the re-
lief of chronic pain.

METHODS

STUDY DESIGN

This integrative literature review was
conducted using the SciELO and PubMed
databases, using the following search strategy:
Ozone Therapy and Chronic Pain. A total of
69 articles were found.

DATA ANALYSIS

The articles studied were selected in two
stages: a priori, the studies were identified and
screened according to the inclusion and exclu-
sion criteria in the aforementioned databases.
In the second stage, the selected studies were
read and included in this review. This process
is illustrated in the flowchart (Figure 1).

INCLUSION AND EXCLUSION
CRITERIA

The filters used for inclusion in the research
were: English or Portuguese language; studies
such as reviews and clinical trials, publications
from the last 5 years, studies relating the
application of ozone therapy to chronic pain.

The exclusion criteria adopted include texts
with a publication time of more than 5 years
(2018-2023), experiments on animals, articles
not available in full, studies that are off topic.

RISKS AND BENEFITS

For the scientific community, there is the
benefit of expanding knowledge on the sub-
ject proposed by the research and encoura-
ging new studies on this topic. In addition,
this study can be used as a basis for further
discussions on the use of ozone therapy in
chronic pain.

As a risk, there is the possibility of misin-
formation and misinterpretation of the data,
events that will be avoided by the researchers
themselves constantly reviewing the chosen
line of data interpretation.

RESULTS AND DISCUSSION

After applying the authors’ inclusion/ex-
clusion criteria, 15 studies were selected, the
main results of which are shown in Table 1.
The information collected was grouped accor-
ding to the following structure: author, year,
main results, type of study and conclusion.
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Excluded studies
Off-topic: 28
Not available in full: 8
Inconclusive data: 3

Updating another article: 1

N=40

Search strategies:
Ozone Therapy AND
Chronic Pain
Potentially
N=69 Included: Excluded studies
Because they did not
N=29 meet the inclusion criteria
N=14
Studies
included in the
review
Figure 1: Flowchart of the selection of articles.
A(I’YJIIIE‘A/I;II({))R MAIN RESULTS TYPE OF STUDY CONCLUSION
In back pain, it reduces the autoimmune inflammatory Ozone therapy has emerged as an ef-
reaction. In osteoarthritis, it shows promise biochem- fective therapeutic option in various
Sire A et ically and clinically. In rheumatic diseases, it regulates contexts, demonstrating its ability to
al? immunity, possibly related to cytokine production. For | Comprehensive | modulate inflammatory responses
(2'022) temporomandibular disorders, it reduces the produc- | Review and relieve symptoms associated with
tion of pro-inflammatory cytokines, suggesting benefits conditions such as back pain, osteoar-
in cartilage repair. Ozone therapy is a non-invasive and thritis, rheumatic diseases and tem-
effective option for managing TMD pain. poromandibular disorders.
Analy51§ of the Q and 12% 1nd.1ces 1nd.1cated high h.et The P-value for the significance of the
erogeneity in the selected studies, leading to the choice .

. . combined SMD was 0.000, demon-
Noori- of the random effects model to calculate the effect size stratine clear statistical sienificance
-Zadeh A | (SMD). The main analysis revealed an SMD of -28.551 | Systematic review Th 8 . et )

5 . ST . e meta-analysis provides evidence
etal. (95% confidence interval, -32.553 to -24.549), indi- | and meta-analysis. . . .

: L . . : that intra-articular ozone therapy is
(2019) cating a significant impact on pain reduction. The an effective way of managine chronic
P-value for the significance of the combined SMD was ain in OA] Y ging
0.000, demonstrating clear statistical significance. p ’
Two cases of non-serious and highly transient compli- TFESI (corticosteroid with local anes-
cations (nausea and mild headache) were observed in thetic) was the most effective proce-
Rvska P et the TFOOT group immediately after the procedure. dure among the treatments examined
Y(ls Both patients recovered fully within 15 minutes, with . for reducing early post-treatment pain
al. . : . | Comparative study | . . . . .
(2021) no residual complaints. An early post-treatment in- in patients with chronic lumbar radic-

crease in the VAS score was observed in 45 patients:
15 (26.3%) in the PRF group, 20 (29%) in the TFOOT
group and 10 (19%) in the TFESI group.

ular syndrome. However, there were
no significant differences between the
3 methods in the long term.




Oliviero
Aetal®
(2019)

Studies were carried out over 1, 3, 6 and 12 months.
The data analyzed show that the most promising pro-
tocol in reducing pain is the intra-articular injection
of 20 pg/mL x 20 mL of O 3, once a week for four
consecutive weeks.

Systematic review

There is agreement that ozone can allow
greater mobility of the knee joint, pain
relief and a reduction in effusion. There
is still controversy over the volumes and
concentrations that should be injected.
However, studies with adequate pow-
er and sufficiently long follow-up are
needed to establish which dose(s) and
frequency of administration are ideal.

Rowen RJ
etal.t
(2019)

DIV ozone is controversial among ozone practitioners.
Its disadvantage is vein irritation (veins have no protec-
tion against catalase), and it can induce several minutes
of coughing and chest tightness if administered too
much and too quickly. However, 250,000 treatments
without any significant and lasting adverse effects have
been identified except for local vein problems.

Case report

Ozone therapy is very new and novel to
conventional medicine. Its researched
biochemical mechanisms suggest that
it is a worthy consideration for CRPS.
Ozone therapy deserves active study in
pain centers for the treatment of JRPS
and other pain conditions.

Hidal-
go-Tallon
FJ etal’®
(2022)

DIV ozone is controversial among ozone practitioners.
Its disadvantage is vein irritation (veins have no protec-
tion against catalase), and it can induce several minutes
of coughing and chest tightness if administered too
much and too quickly. However, only local venous pro-
blems have been seen.

Literature Review

Non-drug treatments for pain are
urgently needed in this era of opioid
crisis. Therapy with ozone deserves
active study in pain centers for the
treatment of JRPS and other pain con-
ditions.

Tirelli U
etal”
(2019)

We found a significant improvement (>50% of symp-
toms) in 45 patients (70%). No patient reported sig-
nificant side effects. In conclusion, it is effective for
fibromyalgia patients without significant side effects.

Case studies

At the moment, ozone therapy seems
to be a treatment that, also because it
has no side-effects, can be offered to fi-
bromyalgia patients who are not getting
adequate results from other available
treatments and can be considered as
complementary/integrative medicine.

Chemei-
sani A et
al. 1
(2023)

The study showed that TFESI was effective for a short
period. On the other hand, TFEOI was effective in the
short and long term.

One-year retros-
pective study

The results of this study provide that
ozone injection has high benefits in
the management of CLBP in the Leba-
nese population.

Babaei-
-Ghazani
Aetal V7
(2019)

Pain reduction (daily and morning) and improvement
in daily activity were better in the corticosteroid group
two weeks after injection; however, at 12 weeks, the
ozone (02-03) group had significantly greater im-
provement (P = 0.003, P = 0.001 and P = 0.017, re-
spectively).

Randomized clini-
cal trial

Both methods were effective in treating
chronic PE Steroid injection provided
a faster and shorter-term therapeutic
effect. However, ozone (02-O3) injec-
tion led to a slower and longer-lasting
treatment result. Ozone (02-O3) injec-
tion may be an effective treatment with
a slow onset and longer durability in the
treatment of chronic PE.

Paolucci
Tetal !
(2021)

Intra-group analysis showed that all scores improved
over time compared to baseline values and were main-
tained even 1 month after treatment. No adverse
events occurred.

Prospective, obser-
vational case-con-
trol study

An integrated rehabilitation protocol
involving O 2 O 3 injections and mFV
for 3 weeks reduces pain, increases au-
tonomy in activities of daily living and
strengthens the quadriceps femoris.

Daste C
etal. 2
(2021)

Of the 18 eligible trials, five evaluated glucocorticoid
(GC) RTDs and were included in a quantitative syn-
thesis; 13 evaluated other products, and were included
in a narrative synthesis. The standardized mean difter-
ences (95% CI) for GC IDTs for low back pain intensi-
ty and activity limitations were -1.33 (-2.34; -0.32) and
-0.76 (-1.85; 0.34) in the short term, -2.22 (-5.34; 0.90)
and - 1.60 (-3.51; 0.32) in the medium term and -1.11
(-2.91; 0.70) and -0.63 (-1.68; 0.42) in the long term,
respectively. The odds ratios (95% CI) for serious and
minor adverse events with GC IDTs were 1.09 (0.25;
4.65) and 0.97 (0.49; 1.91).

Systematic review
and meta-analysis

GC IDTs are associated with a short-
term reduction in the intensity of
low back pain in people with DLcNS.
The positive effects are not sustained.
RTDs have no effect on activity lim-
itations. Our conclusions are limited
by the high heterogeneity and limited
methodological quality among the
studies.




Randomized,
blinded and
controlled clinical
trial .

For patients with knee OA, prolother-
apy with ozone plus hypertonic dex-
trose and somatropin was more effec-
tive in sedating pain and improving
knee stiffness and function than dex-
trose and somatropin alone.

Quantitative case
study

Oxygen-ozone autohemotherapy
represents a formidable therapeutic
approach for FM, deserving further
studies to fully elucidate the ozone ef-
fect in this pathology.

Retrospective ob-
servational study.

People who reported a more compro-
mised psychological well-being due to
low back pain had better results after
treatment with O203. The efficacy of
intramuscular to vertebral injections of
0203 in reducing pain and disability
in patients suffering from chronic low
back pain was confirmed, and ozone in-
jections are successful in improving the
overall perception of physical health.

Case report.

Injected medical ozone is effective and
well tolerated in the treatment of mus-
culoskeletal pain and can be useful in
the treatment of sports injuries and
performance recovery.

TABLE 1: Uses of ozone therapy and their respective results.

The mean WOMAC score of the DS group decreased
significantly (P < 0.001) sixteen weeks after the inter-
Imani F et | vention. A similar decrease (P < 0.001) was observed
al. 10 in the DSO group. The decrease in the WOMAC score
(2020) at the third and sixteenth weeks after the intervention
was significant in the DSO group compared to the DS
group (P < 0.005).
TirelliU | A fairly complete rehabilitation of musculoskeletal
etal. function and general arthralgia was observed in 76%
(2022) of patients at one-month follow-up.
A significant decrease in NRSp and ODI scores was
observed after treatment (T1) (, respectively, p = 0.03
Cantele F and p = 0.01), while a significant increase was detect-
etal ed for PCS-12 (p < 0.01). Six months after the end of
@ 02'1) treatment (T2), patients were asked to provide a score
on their level of NRSp, NRSa and NRSm at that time.
ANOVA revealed a significant main effect for the
“time” factor (p < 0.005).
Hidal- After two consecutive sessions, the improvements re-
.| corded were remarkable and the tolerability of the treat-
go-Tallon 1L ith th - ino feeli
FJ et al.’s (r‘nent was exc»e er}t, with the patient rep_ortmg eeling
(2023) really better”, without any secondary inflammatory
reaction, which allowed him to resume his training.
OZONE THERAPY

Medical ozone (O302) has a composition
of 95% oxygen (O2) and 5% ozone (0O3), and
a short half-life of only 40 minutes at 20°C.
For this reason, it cannot be stored and must
be produced “in situ” for each application **.
The routes of administration include topical,
infiltrative and systemic, and can be used in
the form of ozonized oils or water subcuta-
neously, intramuscularly or intra-articularly,
intravenously or autohemotherapy *”.

When 0302 is applied, the ozone is dis-
tributed to the interstitial tissue causing an
acute oxidative process, producing hydrogen
peroxide (H202) and a combination of lipid
ozonation products (LOP), which in turn in-
crease catalase and glutathione, causing an ac-
tivation in the cascades of anti-inflammatory
interleukins (IL-1,2,6 and 7). Thus, ozone the-
rapy protects tissues from oxidative damage
by stimulating a balance of cytokines, causing
a redox balance °.

INTRA-ARTICULAR OZONE
THERAPY IN THE KNEE

Osteoarthritis (OA) is a chronic and de-
generative joint disease, which is one of the
most common causes of disability, especially
affecting joints subject to impact loads, such
as the knee and hip® Thus, knee osteoarthri-
tis (KOA) is a comorbidity that leads to a de-
crease in body function due to knee joint pain
and stiftness, impairing the quality of life of
affected individuals.’

Thus, ozone therapy has long been used in
the treatment of OAJ, in addition to pharma-
cological and rehabilitation treatments'’. The
positive effects of ozone therapy are provided
by the generation of reactive oxygen species
(ROS) and lipid oxidative products (LOPs) in
the synovial fluid once it has been injected®.

Intra-articular injections of ozone inhibit
pro-inflammatory cytokines, such as prosta-
glandin E2, in favor of anti-inflammatory cy-
tokines, such as interleukin 10, transforming
growth factor B and interleukin 4, favoring a




reduction in pain and the resorption of ede-
ma.® In addition to acting on angiogenesis, so
that components cooperate to repair the joint,
they stimulate fibroblasts, chondrocytes and
stem cells."! The ozone injections are also ef-
fective in reducing pain.

As a result, an increasing number of doc-
tors are using ozone therapy to relieve the
symptoms of chronic OAJ, since ozone thera-
py allows for greater mobility of the joint, pain
relief®and is a non-operative and less invasive
management of patients with this comorbidity
°. In addition, its intra-articular application is
safe and has encouraging short- and medium-
-term effects on pain control and functional
recovery in patients with OAJ."

OZONE THERAPY FOR LOW BACK
PAIN

Low back pain (LBP) is a symptom defined
as pain between the last ribs and the gluteal
area. It is the leading cause of years lived with
disability worldwide over the last three deca-
des for both sexes .

Several studies have shown the influence
of psychological factors on the development,
persistence and treatment of chronic LBP.
Coping style, depression, anxiety, catastrophi-
zing and level of pain acceptance are impor-
tant factors to consider in the overall rehabili-
tation process of affected patients."

In recent years, lumbar intramuscular-
-paravertebral injections of an oxygen-ozone
mixture (O203) have been proposed in the
management of chronic LBP, along with con-
ventional treatments (non-steroidal anti-in-
flammatory drugs, antidepressants, exercise
therapy and psychosocial interventions). ' Its
effectiveness in LBP has been attributed to the
modulation of arachidonic acid metabolism,
which could explain the anti-inflammatory
effect, and to the promotion of local micro-
-vascularization, reducing ischemia and in-
flammatory edema in the periradicular area. *

After many studies, the researchers obser-
ved that the short-calculated oxidative stress
achieved by ozone administration can correct
a permanent imbalance caused by excessive
or chronic oxidative damage. They found that
repeated treatment with ozone increases the
activity of superoxide dismutase, catalase and
glutathione peroxidase, inducing a state of
adaptation to oxidative stress with major the-
rapeutic implications '.

OZONE THERAPY FOR
FIBROMYALGIA

In the foreground, fibromyalgia is a wor-
rying chronic disease that presents itself in a
complex way in the form of generalized pain,
chronic fatigue, non-restorative sleep, anxie-
ty and depression. Thus, knowing that these
symptoms can have a significant impact on
the physical and emotional capacities of those
affected, there was a need to explore the po-
tential of additional therapies in the mana-
gement of this disease in order to add to the
arsenal of existing treatments.’”

In this context, studies have shown that
ozone therapy is an effective approach in
this scenario, due to its ability to exert mild,
controlled oxidative stress and modulate the
immune system. The result of this ability is
shown in the significant 50% improvement in
symptoms in 70% of patients, once again hi-
ghlighting the possibility of considering it as
complementary/integrative medicine.”

In addition, other research shows that oxy-
gen-ozone autohemotherapy has also proved
to be a formidable therapeutic approach for
fibromyalgia. The results of this study showed
complete rehabilitation of musculoskele-
tal function and arthralgia after 1 month of
follow-up *.
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OZONE THERAPY FOR PLANTAR
FASCIITIS, HAMSTRING INJURY,
UNILATERAL RADICULAR
SYNDROME

In relation to other applications, medical
ozone stands out as a therapeutic element
for pathologies such as hypoxia, inflamma-
tion and imbalance, with an emphasis on its
applications in musculoskeletal injuries. In
this context, the results of this treatment have
been promising in improving pain intensity,
mobility and changes in thermography '°.

CONCLUSION

Therefore, the studies
shown a good use of ozone therapy in various
treatments for chronic pain, due to its anti-in-
flammatory effect, thus relieving the symp-
toms of pain and swelling for various patho-
logies, especially rheumatological complaints
such as knee osteoarthritis, low back pain and
fibromyalgia.

We therefore emphasize the need for more
studies in order to elucidate and structure pro-
tocols that standardize administration routes,

reviewed have

drome. Respectively, in the first case, ozone in-  for professionals and their patients.

jection proved to be an effective therapeutic ef- « Author or name of organization
fect, but with a slow onset and longer duration « Page or story title

7, but the second case brings a conclusion of « Place of publication (if any)

ozone's therapeutic potential in conditions re- « Date of publication (if any)

lated to chronic oxidative stress and inflamma- « E-mail address (URL)

tion, providing symptomatic relief '*. « Date of access to the site
Thus, this study is relevant due to the e Article

growing prominence of ozone therapy as the
main or adjacent treatment in various patholo-
gies with chronic pain complaints, but it still la-
cks study protocols. This review has limitations
due to the lack of homogeneity in the groups of
patients analyzed, as well as small samples and
a lack of standardization of therapies.
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