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• Osteoarthritis is a degenerative joint disease characterized by 

cartilage breakdown, synovial inflammation, subchondral bone 

changes, and pain with loss of function. 

• Intra-articular injections are performed to relieve symptoms and 

improve mobility and functioning:

• corticosteroids (CS)

• hyaluronic acid (HA)

• platelet-rich plasma (PRP)

• oxygen-ozonetherapy

• other biologic agents

• Clinical trials and meta-analyses showed that corticosteroid 

injections provide short-term relief of pain and stiffness (e.g. up 

to 4-6 weeks), but their effects tend to diminish over time and 

their benefit over placebo is not maintained long term. Bensa et al. J Exp Orthop. 2025
de Sire A et al. J Back Musculoskelet Rehabil. 2025 
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Oxygen-ozone therapy

Oxygen-ozone (O2O3) therapy:

• method that is old more than a century

• initially relegated to a few operators

• today a remedy used by many doctors and 
requested by many patients

• recognized as a therapeutic activity
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Mechanisms of action

de Sire A. et al. Int. J. Mol. Sci. 2022

• O3 is composed of three oxygen atoms with a cyclic structure.

• It is generated for medical use from pure oxygen passing through a high voltage gradient (5–13 
mV) following the reaction: 3O2 + 68,400 cal → 2O3

• The result is a gas mixture composed of no less than 95% oxygen and no more than 5% O3. 

• O3 is 1.6 times denser and 10 times more soluble in water than oxygen.

• It is an unstable gas that cannot be stored and must be used immediately as it has a half-life of 40 
minutes at 20°.

• Like any other gas, O3 physically dissolves in pure water according to Henry's law with respect to 
temperature, pressure and ozone concentration.
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Mechanisms of action

• Inhibition of the synthesis of proinflammatory prostaglandins or the release of bradykinin or algogenic compounds

• Neutralization of endogenous ROS by stimulating the local production of antioxidant enzymes

• Inhibition of release of proteinases from macrophages and polymorphonuclear neutrophils

• Increased release of antagonists or soluble receptors capable of neutralizing proinflammatory cytokine arrays

• Reduction of degenerative phenomena through an improvement in micro vascularization and local oxygenation by 

reduction/resolution of venous stasis - edema - ischemia + pH

de Sire A. et al. Int. J. Mol. Sci. 2022
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Mechanisms of action

• Evidence shows that moderate oxidative stress induced by low doses of ozone can activate nuclear factor erythroid 2-

related factor 2 (Nrf2), suppressing transcriptional factor-kappa B (NF-κB) and reducing inflammatory responses.
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Mechanisms of action

• It is widely recognized that pain is a common symptom related to the inflammatory process and O2O3 therapy 
could play a key role not only in inflammation management but also in nociceptive perception and modulation

• As far as the analgesic use of O2O3 is concerned, after the administration of O2O3 an increase in antioxidant 
molecules (serotonin and endogenous opioids) has been demonstrated, which would induce pain relief by 
stimulating the antinociceptive pathways

de Sire A. et al. Int. J. Mol. Sci. 2022
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Oxygen-ozone therapy

The concentration of ozone and the consequent 

production ROS/LOP are the main factors of 

oxygen-ozone therapy:

- Too low ROS/LOP levels are ineffective

- Moderate ROS/LOP levels induce enzyme 

activation and are found to be effective and 

therapeutic

- Too high ROS/LOP levels are toxic with 

irreversible cellular damage

Oxygen-ozone therapy through a transient production of oxidants determines a

correction of the redox imbalance in chronic oxidative stress pathologies
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• Injections of HA vs O2O3: Intra-articular infiltrations of HA appear to be associated 

with similar pain relief.

• The efficacy of O2O3 in pain relief is significantly superior to placebo and not 

statistically different from other treatments (HA, dextrose and air injection). O2O3 

may have a role in the short-term non-surgical (3-6 months) mild to moderate pain.

• Safe and effective technique in reducing pain in the short to medium term.

Raeissadat, S.A. et al. J. Pain Res. 2018.
Noori‐Zadeh A. Complement. Ther. Med. 2019.

Li Q. et al. Int. J. Surg. 2018.
Hedayatabad, J.J. et al. Arch. Bone Jt. Surg. 2020.

Sconza C. et al. Arthroscopy 2020.

Oxygen-ozone for knee osteoarthritis
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Low Back Pain - Lombalgia
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Low Back Pain - Lombalgia
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de Sire A. et al. J Back Musculoskelet Rehabil. 2020
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de Sire A et al. J Back and Musc Rehab 2020
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de Sire A et al. J Back and Musc Rehab 2020
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Sconza C. et al. International Journal of Molecular Sciences 2023.

• KOA for at least 3 months 

• Double blind RCT versus hyaluronic 

acid

• At 1-3 and 6 months, evaluating pain 

stiffness and function

• 52 participants, 8 drop out

• 22 patients in group A and B
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Sconza C. et al. International Journal of Molecular Sciences 2023.

• At different time points, significative improvements with comparable outcomes 

between groups  
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Sconza C. et al. J Back Musculoskelet Rehabil. 2025.
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Conclusions

• Oxygen-ozone therapy is a promising conservative 

and minimally invasive treatment for 

musculoskeletal pain

• Supporting evidence is mainly for knee OA patients 

in the short-term (despite the few studies of 

comparison with corticosteroids)

• To date, the evidence showed that hyaluronic acid 

has longer-term effects

• More high-quality studies are needed to fully 

understand the therapeutic effects of the 

combination of oxygen-ozone therapy and 

hyaluronic acids injections
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