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ABSTRACT 
Widespread musculoskeletal pain and 
fatigue can significantly reduce treat-
ment compliance in patients with fibro-
myalgia (FM). These patients also fre-
quently show a poor treatment response 
and are highly subject to placebo effects 
that induce approximately 60% to turn 
to complementary or alternative thera-
pies. Given the limited pharmaceuti-
cal options for managing the variety 
of FM symptoms, non-pharmaceutical 
interventions such as oxygen/ozone gas 
therapy (ozone therapy) may be benefi-
cial as some studies have shown that it 
is effective in treating pain, sleep disor-
ders and fatigue in patients with chronic 
fatigue syndrome or FM. This review 
analyses seven studies that investigated 
the use of various forms of ozone admin-
istration, including major and minor 
autohemotherapy, and the rectal insuf-
flation of ozone concentrations of 20-60 
μg/mL, and found a consistent pattern 
of symptom improvement (reduced pain, 
improved sleep, and enhanced mental 
clarity) among FM patients. However, 
these studies were also characterised by 
potential limitations such as their small 
sample sizes, different treatment pro-
tocols, the absence of double-blinding 
techniques, and a lack of long-term fol-
low-up data, thus suggesting a need for 
confirmatory controlled clinical trials. 
Nevertheless, despite these limitations, 
it seems that ozone therapy is a prom-
ising means of treating FM that merits 
further investigation in longer-term, 
large-scale and standardised trials.

Introduction
Fibromyalgia (FM) is characterised by 
chronic widespread pain, fatigue, sleep 
disturbances and functional symptoms, 

but the continuing debate concerning 
its aetiopathogenesis and diagnostic 
and classification criteria still raises 
doubts about its effective treatment (1) 
FM is the third most frequently encoun-
tered musculoskeletal condition: its 
prevalence increases with age, and FM 
patients often poorly respond to treat-
ment and are highly subject to placebo 
effects (2). Although the development 
of more accurate diagnostic criteria 
has improved the rate of diagnosis, it 
is still under-recognised by a consider-
able proportion of physicians (3) be-
cause its pathogenesis is characterised 
by a unique multifactorial combination 
of genetic predisposition, personal ex-
periences, emotional-cognitive factors, 
mind-body relationships, and variations 
in the patient’s biopsychological abil-
ity to cope with stress (4). The multi-
ple components of its pathogenesis and 
maintenance requires a multi-modal 
treatment approach that needs to be 
individually tailored as it is becoming 
increasingly widely recognised that the 
patients fall into various subgroups with 
different clinical characteristics (5). 
Consequently, although an evidence-
based approach to FM management is 
always desirable, treatment is inevitably 
empirical and requires the creation of a 
strong alliance between physicians and 
patients in order to formulate shared and 
realistic therapeutic goals. 
The many factors contributing to the 
development of FM mean that the 
condition represents mind-body hyper-
connection rather than disconnection, 
and its treatment needs to be holistic, 
comprehensive, and characterised by 
integrated multidisciplinary interven-
tions (6, 7). As it is a chronic pain syn-
drome that is believed to be influenced 
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by neuro-inflammation, its treatment 
can be divided into the four pillars of 
patient education, fitness, pharmaco-
logical treatment, and psychotherapy. 
We suggest a treatment strategy that 
not only takes into account the lat-
est EULAR recommendations for the 
management of FM (5), but also re-
flects real-life clinical experience and 
realistic patient expectations and goals. 
Pharmacological treatment should be 
started immediately (mainly because 
patients are usually diagnosed years 
after symptom onset) (4), but it should 
also be complemented by one or more 
of the wide ranges of alternative in-
terventions. Regarding this, Perrot et 
al. with their meta-analysis in 2014 
suggested that the magnitude of the 
multidimensional effect of such an ap-
proach can exceed that of pharmaco-
logical treatment alone (8). Although 
the benefit of these interventions is still 
a subject of controversy (probably be-
cause the study designs are often weak 
and the quality of evidence is usually 
low), many of these were considered in 
formulating the EULAR recommenda-
tions for the management of FM and 
may be counted in the clinical practice 
depending on questions of cost, avail-
ability, and patient preference (9).

Oxigen/ozone gas therapy and its 
mechanism of action in FM
Oxygen/ozone gas therapy (ozone ther-
apy) is a unique form of complementa-
ry medicine that seeks to enhance over-
all health and wellness by introducing 
ozone gas into the body. Although its 
specific mechanisms of action are com-
plex and not yet fully understood, it has 
been shown that it stimulates the im-
mune system, enhances the delivery of 
oxygen to cells, activates anti-oxidant 
systems, reduces inflammation, and 
promotes tissue repair (9). Ozone ther-
apy has been widely investigated in the 
context of FM, other pain syndromes, 
and neuroinflammatory and neurode-
generative diseases, and may improve 
symptoms such as pain, fatigue, and 
sleep disturbances by increasing tissue 
oxygen delivery, thus enhancing cell 
metabolic activity, and improving im-
mune function and tissue repair (10). 
In addition, it acts as an oxidant and is 

capable of killing bacteria, viruses, and 
fungi possibly by interacting with their 
outer membranes (11), which could 
be particularly beneficial when treat-
ing various infections, especially those 
resistant to traditional antibiotics (12). 
In the case of inflammatory arthritis, it 
is believed that ozone therapy reduces 
inflammation, improves blood supply, 
and promotes the regeneration of car-
tilage cells, and the potent anti-inflam-
matory effects of ozone gas may help 
reduce swelling, redness, and pain. 
Furthermore, improved blood flow to 
the affected joints may promote the 
delivery of nutrients and oxygen to the 
area and aid tissue repair (13). Another 
intriguing aspect of ozone therapy is 
that it may stimulate the production 
of cytokines, lymphocytes, and other 
immune cells that can help fight infec-
tions, reduce inflammation, and pro-
mote tissue repair (14).
The anti-inflammatory and anti-oxidant 
potential of medical ozone is due to the 
ozone-generated lipoperoxide known 
as 4-hydroxynonenal (4-HNE)35, a 
hormetic hallmark of myalgic enceph-
alomyelitis/chronic fatigue syndrome 
(ME/CFS), FM, musculoskeletal pain, 
and fatigue, Tirelli et al. has found that 
the use of oxygen/ozone major autohe-
motherapy (O2/O3-MaAHT) reduced 
pain and fatigue, and restored good 
health (15). Ozone also has a beneficial 
effect on mitochondrial function and 
immune physiology, and therefore hor-
metically modulates the immune sur-
veillance of complex painful diseases 
(15).
Neuro-inflammation (inflammation of 

the brain or spinal cord tissue) has been 
linked with various neurological con-
ditions (including Alzheimer’s disease, 
Parkinson’s disease, and multiple scle-
rosis), and recent studies have shown 
that ozone therapy reduces neuro-
inflammation by decreasing the brain 
levels of pro-inflammatory cytokines 
such as tumour necrosis factor (TNF)-
alpha and interleukin (IL)-1 beta, and 
improving overall brain function (16, 
17). It has been found that ozone ther-
apy also has a neuroprotective effect as 
it increases the activity of anti-oxidant 
enzymes such as superoxide dismutase 
and catalase, which can help to protect 
the brain from the damage of oxidative 
stress (18-20).

Main studies assessing the efficacy 
of ozone therapy in FM
Hidalgo-Tallón et al. found that rectal 
ozone insufflation primarily acts on the 
physical symptoms of FM as it led to 
a clinically significant improvement in 
overall severity and pain scores. Inter-
estingly, it was also found that depres-
sion significantly improved in 47% of 
the treated patients, although it was not 
clear whether this was a direct result of 
ozone treatment or reflected the overall 
improvement in well-being. The most 
common side effect was meteorism 
(gas in the digestive system) lasting 
1-2 days after ozone sessions (21).
Tirelli’s 2019 study of 65 patients 
showed that ozone therapy significant-
ly improved FM symptoms in 70% of 
cases: i.e., almost three-quarters of the 
patients experienced relief from pain 
and/or fatigue, with female patients re-

Table I. Main methods of ozone treatment used in patients with FM.

Administration route Method Characteristics

Rectal (21, 22) Insufflation A given amount of an oxygen/ozone gas mixture is adminis-
tered through a thin, soft polymeric catheter.

Intravenous (22-27) Infusion Ex vivo static mode (major autohemotherapy, MaAHT).
  Up to 250 mL of venous blood is bubbled with an oxygen/

ozone gas mixture before being immediately re-administered 
to the sampled subject.

  In vivo dynamic mode.
  Ozone is added to infusion solutions before their administra-

tion.

Intramuscular (27)  An oxygen/ozone gas mixture is combined with up to 10 mL 
of venous blood, which is then injected into the muscle (minor 
auto-hemotherapy, MiAHT).
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sponding better than males (22).
One hypothesis concerning the mecha-
nism of action of ozone is based on evi-
dence showing that FM is closely relat-
ed to oxidative stress and mitochondrial 
dysfunction. In 2002 Tirelli et al. con-
ducted a study among 200 FM patients 
and showed the almost complete reha-
bilitation of musculoskeletal function 
and general arthralgia in 76% of pa-
tients one month after O2/O3-MaAHT 
(23). A more recent report, among 20 
subjects, found a significant reduction 
in tender point and Fibromyalgia Im-
pact Questionnaire (FIQ) scores and a 
decrease in oxidative stress levels after 
10 sessions of ozone MaAHT. All the 
treated patients experienced improve-
ments in sleep and mental attention, 
a marked decrease in asthenia, and a 
moderate increase in serotonin lev-
els (24) Also the study from Gazioğlu 

Türkyılmaz et al. in 2021 showed a sig-
nificant improvement in FIQ scores as 
well as in all of the 36-Item Short Form 
Survey (SF-36) sub-dimensions after 
10 MaAHT sessions in 40 patients, but 
the absence of a control group limited 
the strength of the evidence (25). 
Shen’s 2022 study examined the ef-
ficacy and safety of combining phar-
macological therapy with ozone AHT 
in patients with insomnia and myofas-
cial pain syndrome, common features 
of FM, as the anti-oxidant and anti-
inflammatory properties of ozone may 
improve tissue oxygen supply and thus 
play a role in alleviating symptoms. 
The results showed that drug therapy 
alone only partially and temporar-
ily improved insomnia symptoms, 
whereas combined MaAHT and drug 
therapy led to more striking short-term 
improvements in a broader range of 

symptoms and more sustained incre-
mental effects (26). 
Sucuoğlu et al. assessed the efficacy of 
adjunctive ozone therapy using the FIQ, 
the Pittsburgh Sleep Quality Index, and 
the 12-item Short-Form Health Survey. 
Ozone therapy improved some symp-
toms of FM and the quality of sleep, 
but there was no significant difference 
in the total FIQ score between the treat-
ment and the control group. Rectal in-
sufflation led to slight meteorism, and 
one case of transient hypotension was 
observed during MaAHT, but there 
were no complications or side effects 
in the other participants (27).
The above studies varied in terms of 
their treatment modalities, the num-
ber of patients, ozone concentrations, 
and the presence/absence of a con-
trol group. The controlled study by 
Sucuoğlu et al. used both major and 

Table II. Main studies about ozone therapy in FM and their findings.

First Author Year Patients Type of  O2/O3 No. of Results
   Treatment Concentration Treatments 

Hidalgo Tallón (21) 2013 36 RI 200 mL of gas; concentration  Five days a week Significant improvement in
    40 μg/mL for 2 weeks, then  physical symptoms and
     once weekly depression.

Tirelli (22) 2019 65 RI/MaAHT 10 RI and 55 MaAHT according  Twice weekly for 45 (70%) showed significant
    to SIOOT protocols. a month, then twice  (>50%) improvement in
     monthly  symptoms.
     maintenance 
     treatment. 

Moreno-Fernández (24) 2019 20 MaAHT 150 mL of patient’s blood plus  10 sessions Significant decrease in tender
    150 mL of O3, gradually increasing  (2 a week) points and FIQ score, and a
    to a concentration of 30 μg/mL.  decrease in oxidative stress 
      and serotonin levels.

Gazioğlu Türkyilmaz (25) 2019 40 MaAHT 100 mL of patient’s blood plus  13 sessions (two a Consistent improvement
    100 mL of O3; concentration  week for 5 weeks in FIQ and SF-36 scores
    45 vg/mL.  followed by one  throughout.
     a month for 3 
     months) 

Tirelli (23) 2022 200 MaAHT 200 mL of patient’s blood plus  3-4 cycles of 3 After one month, 76% showed
    200 mL of O3; concentration  or 4 MaAhT considerable improvements
    45 μg/mL. sessions) in function, pain, sleep, mood,  
      and fatigue.

Shen (26) 2022 103 (53  MaAHT 100 mL of patient’s blood plus 100 Thrice weekly Improvements in sleep, pain
  O3-MaAHT;   mL of O3; concentration 20-40 for 3 weeks intensity, mood, and fatigue.
  50 controls)   μg/mL  

Sucuoğlu (27) 2023 54 (26  MaAHT/ ND 10 sessions Improvement in FIQ subscale
  treated, 28  MiATH twice   scores (feeling good, fatigue, 
  placebo  weekly   and sleep quality
  controls)    

RI: rectal insufflation; MaAHT: major oxygen/ozone autohemotherapy; SIOOT: Società Scientifica di Ossigeno-Ozono Terapia; FIQ: Fibromyalgia Impact 
Questionnaire; MiAHT: minor oxygen/ozone autohemotherapy; ND: not determined.
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minor AHT, whereas the study by Shen 
et al. combined ozone and pharmaco-
logical therapy with the control group 
receiving only the latter. The ozone 
concentrations varied from study to 
study: Tirelli et al. administered 40 μg/
mL, Moreno-Fernández et al. adminis-
tered concentrations ranging from 30 
to 60 μg/mL, and Shen et al. increased 
the ozone concentration from 20 μg/
mL in the first week to 40 μg/mL in the 
third week. Table I showed the main 
techniques of administration used in 
patients with FM while Table II repre-
sents an overview of the cited studies.

Conclusions
One of the main problems facing FM 
patients is the lack of effective treat-
ments (1). The drugs often offered for 
symptomatic treatment can sometimes 
exacerbate the disease as a result of 
side effects: for example, the widely 
used painkiller amitriptyline can in-
duce mitochondrial dysfunction and 
oxidative stress, thus making them un-
suitable for patients already suffering 
from these conditions (28). However, 
in a such complex disease, clinicians 
should offer the best treatment, includ-
ing the use of non-pharmacological 
therapies, in order to ameliorate the 
quality of life of these patients (29, 30).
Ozone therapy may affect FM by 
means of various mechanisms:
• Ozone reacts with polyunsaturated 

fatty acids (PUFAs) to produce reac-
tive oxygen species (ROS) and lipid 
ozonation products (LOPs), which 
are significant in ozone biotransfor-
mation (31).

• Ozone therapy can lead to redox ho-
meostasis, nitric oxide, calcium, and 
cytokine homeostasis, and improve 
oxygen metabolism (32).

• Ozone therapy can reduce the high 
oxidative stress levels typically ob-
served in FM patients, thus poten-
tially alleviating FM symptoms (26).

• Ozone can stimulate the immune 
system, thus enhancing its ability to 
fight infections and heal damaged 
tissue. This is particularly beneficial 
for FM patients, who might have 
impaired immune function (33).

• Ozone therapy enhances the body’s 
use of oxygen, thus improving cell 

function and overall health. This 
could help alleviate fatigue, a com-
mon symptom of FM and other mus-
culoskeletal disorders. (34, 35). 

Adverse reactions to ozone therapy are 
typically mild and transient, which sup-
ports the idea that ozone therapy is gen-
erally well-tolerated. The most com-
mon side effect reported is meteorism 
(gas in the digestive system) lasting 1-2 
days after ozone sessions (21, 27). 
Thus, given a good safety profile, the 
reported studies would seem to support 
the use of ozone therapy in the man-
agement of FM. However, a number of 
important points need to be considered: 
• The study samples are relatively 

small, which limits the generalis-
ability of their findings; larger-scale 
studies are needed to confirm what 
must be considered preliminary re-
sults. 

• The various treatment protocols 
used make it difficult to compare the 
study results. 

• The lack of long-term follow-up 
data prevents any conclusions con-
cerning the benefits of ozone thera-
py over time. 

• As none of the studies were double-
blinded, there is a risk of potential 
biases. 

• The studies relied on subjective 
measures of symptoms, which can 
be influenced by various factors, in-
cluding the placebo effect, although 
the control groups in the studies by  
Shen et al. and Sucuoğlu and Soydaş 
strengthen the validity of their find-
ings (26, 27).

In conclusion, the studies suggest that 
ozone therapy may play a role in the 
treatment of FM, but further research 
is needed to address their limitations. 
Future studies should have larger sam-
ples and standardised treatment proto-
cols, be double-blinded, use objective 
measures of symptoms, and provide 
long-term follow-up data.
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