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AbstrAct

Osteoarthritis (OA) is one of the most disabling and 
incapacitating diseases on the autonomy of older people, 
affecting their quality of life. OA produces great impact on 
pain, function and use of resources, being considered as an 
important problem of Public Health. OA is a degenerative and 
progressive disease without treatment nowadays. The goals in 
OA treatment are to ameliorate symptoms and diminish articular 
damage. In knee OA, there is destruction of cartilage and 
subchondral bone, with the consequent narrowing of articular 
space. Knee OA is multifactorial. Besides the bio mechanic 

factors, trauma and obesity; it is believed that inflammation 
plays an important role. Future treatments should act on 
the regulation of inflammation to diminish progression 
of OA. There is evidence on several studies and years of 
experience that state that Ozone acts on the modulation of 
inflammation. The objective of this paper is to review the 
main pathophysiological mechanisms involved in knee OA, 
and to postulate ozone as a promising and ideal conservative 
treatment, since it could act on several therapeutic targets, 
besides inflammation.
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Introduction
Osteoarthritis (OA) is one of the most disabling and 

incapacitating diseases on the autonomy of old people, affecting 
more than one third of the population over 70 years in Spain 
(Moreno, 2009). OA is the most common arthropathy to an 
extent that 70% of people over 50 years have radiological 
signs in some articulation. For that reason, OA becomes an 
important Public Health problem in old populations, like in 
Spain (Espallargues, 1996).

OA produces a great impact in suffering, in impaired function 
and in the use of limited health resources. This fact ameliorates 
the quality of life in OA patients on their physical, emotional or 
social aspects (Fernández-Cuadros, 2013).

The normal knee is composed by cartilage, subchondral 
bone, synovial tissue and articular capsule. In OA of the knee, 
there is destruction of articular cartilage, narrowing of articular 
space, sclerosis of subchondral bone, osteophyte formation and 
subchondral cysts (Batlle 2002; Mishra 2011).

Nowadays, there is no cure for OA. The main goals are to 
ameliorate the symptoms of the disease such as pain, rigidity, 
inflammation and to diminish articular damage and joint 
destruction (Batlle-Gualda 2002; Vaillant, 2013). 

OA is related to chronic inflammation (Batlle-Gualda 2002; 
Valliant 2013). Chronic oxidative damage is involved in the 
changes and development of knee OA (Borreli 2015). Chronic 
oxidative stress plays an important role in knee OA, so the 
future success will be the suppression of oxidative damage 
without disruption of the antioxidant defense network (Atlas 
2005; Weinstein 2013; Borreli 2015).

It is of therapeutic value to act over the modulation and 
regulation of inflammation to diminish the progression in 

OA. Besides, the future advances in OA treatment should try 
to ameliorate the destruction of cartilage and to enhance the 
cartilage repair. The main goal would be to act over a great 
number of proinflammatory cytokines located on the affected 
articulation (Battle 2002).

Several studies and four decades of clinical experience 
demonstrate that Ozone therapy has proven effects over the 
modulation of inflammation (Mawsouf 2010).Ozone is a highly 
reactive molecule that when injected into a joint capsule, it is 
able to stimulate the fibroblastic joint repairing abilities. It may 
reduce inflammation and promote new cartilage growth. Ozone 
is so reactive that it never fails to initiate this reactive activity 
(Dogan 2014). Different clinical studies support the efficacy 
of ozone in the reduction of pain and inflammation in OA, 
recovering mobility (Borrelli 2015).

The objective of this paper is to review the main 
pathophysiological mechanisms involved in knee OA, and to 
postulate ozone as a promising and ideal conservative treatment, 
since it could act on several therapeutic targets.

Osteoarthritis Of The Knee
OA is a degenerative disease that produces pain, diminishes 

function and affects personal, familiar, social and labor activities. 
OA has great morbidity and low mortality which makes it a 
chronic disease especially in older occidental societies (Battle 
2002).

The evolution of knee OA is slow and progressive (Battle 
2002; Mishra 2011). Once established, OA stabilizes clinical 
and radiological. Although symptoms can diminish, radiological 
signs can rarely get better (Dougados, 1992). The radiological 
worsening occurs in 33-66% of patients. Episodes of pain 
lasting from days to weeks are a common clinical presentation. 
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If pain persists for months, collapse of subchondral bone must 
be suspected. An acute onset of pain could indicate necrosis of 
femoral bone (Dougados 1992).

OA affects mainly middle aged people. In the earlier age 
group both sexes are equally affected but later on (50 years and 
older) females are mainly affected. Obesity, family history, high 
body mass index (BMI) and repeated trauma are the susceptible 
precipitating factors to develop OA, but not the only (Mishra 
2011). In that context, OA is not only a mechanical problem, 
but a chronic inflammatory process with cell and biochemical 
alterations, that justify pharmacological and ozone therapy (De 
Lucas 2005; Samper-Bernal 2013; Vaillant 2013; Borrelli 2015).

In knee OA the main pathological changes are progressive 
loss of cartilage, meniscus and capsule of the joint (Mishra 
2011). Structural changes on knee OA are visible on standard 
X-ray and include narrowing of the joint space (due to cartilage 
loss), formation of osteophytes at the joint margins, and bony 
sclerosis (increased density or thickness of the bone) just 
underneath the articular cartilage (Goldring 2007). (Figure 1)

The cytokines released by chondrocytes implicated in the 
catabolic process of the extra cellular cartilage matrix are: 
IL1, IL6, IL8, IL17, LIF, TNF-α, IFN-γ. All of these cytokines 
produce cartilage destruction (Battle 2002). The proteolytic 
degradation of extra cellular matrix constitutes an important 
mechanism of articular degradation. In such a case, the future 
therapy in OA should produce an inhibition of proteolytic 
enzymes (MMP or mineral metalloproteinases), nitric oxide 
synthesis (NOs), proinflammatory cytokines (IL1, IL6, TNF-α), 
and apoptosis through caspases. On the other hand, OA treatment 
should favour anti-inflammatory cytokines (IL4, IL10, IL13), 
and stimulate growth factors (TGF-β, IGF-1) (Battle 2002).

In OA there is augmentation of free radicals of Oxygen. 
They inhibit collagen and proteoglycans, accelerating the 
cartilage matrix disintegration, and narrowing the joint space 
(Yu 2010). IL-1, which depends of the production of ROS 
(Reactive Oxygen Species), is implicated in the DNA damage 
to chondrocytes (Davies 2008).

The OA surgical cell therapy goal is to transplant 
chondrocytes and stem cells in order to recover vascularisation 
and trophism of bone and cartilage (Battle 2002).

The last option for advanced knee OA is the surgical 
treatment, in order to replace the damaged articulation. Knee 
prosthesis is an expensive and invasive surgical procedure not 
exempt of side effects and complications (Fernández-Cuadros 
2013, Borreli 2015).

Ozone Therapy
Ozone is the third strongest oxidant agent, after fluorine and 

persulphate, a fact that explains its high reactivity (Bocci 2011).

Ozone is the allotropic or unstable form of oxygen (Iliakis 
2001, Paolini 2009, Seyman 2012). It is used to treat several 
infectious, autoimmune, degenerative and orthopaedic diseases 
(Mawsouf 2011). It is postulated that Ozone has analgesic, 
anti-inflammatory, immunomodulatory and trophic properties 
(Paoloni 2009).

Ozone decomposes spontaneously and therefore it is hardly 
storable. The ozone concentration is halved at 30ºC within 25 
minutes, at 20º within 40 minutes and at minus 50ºC within 3 
months (Bocci 2011). Ozone decomposes rapidly, splitting in 
O2 and O- (monatomic O) which is very reactive, and it has 
anti infectious, antiviral, anti-parasitic, antifungal and antitoxic 
properties (Madrigal 2007). The Ozone disintegration releases 
24,27kcal producing an important peripheral vasodilator effect 
(Madrigal 2007).

Ozone is not a homeopathic drug. On the contrary, ozone 
properties have a doses/effect ratio (Bocci 2006; Bocci 2011). 
Most medical generators deliver ozone concentrations from 1 to 
up to 70-100ug/ml (Figure 2). The total ozone dose is equivalent 
to the gas volume (ml) multiplied by the ozone concentration 
(ug/ml). For different medical applications, the optimal ozone 
doses must be known (Bocci 2011). However, the therapeutic 
window is between 10-80 ug/ml (Madrigal 2007).

Ozone dissolved in the plasmatic water reacts immediately 
with a number of biomolecules and disappears. There are two 
compounds (reactive oxygen species or ROS and lipid oxidative 
products or LOPS) which represent the “ozone messengers” and 
are responsible for the biological and therapeutic effects. ROS 
are produced immediately, in the early phase (mainly Hydrogen 
peroxide or H2O2) and are responsible for the early biological 
effects on blood (erythrocytes, leucocytes, platelets). On the 
contrary, LOS, which are simultaneously produced have a far 
longer half-life, they reach the vascular system and interact 
with several organs, where they trigger late effects. Some of 
these real targets are liver (in chronic hepatitis), vascular system 
(in vasculopathies), while other organs are probably involved 
in restoring normal homeostasis (central nervous system, 
gastrointestinal tract, mucosal associated lymphoid tissue) 
(Bocci 2006, Mawsouf 2010, Bocci 2011).

The biological effects of Ozone elicited during exposure 
to plasma are due to the formation of ROS and LOPs (Ozone 

 

Figure 1: Severe Knee OA and radiological changes.
In this left knee radiography, there is destruction of 
articular cartilage, narrowing of articular space, sclerosis 
of subchondral bone, peripheral osteophyte formation and 
subchondral cysts.
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messengers). ROS improves O2 delivery in erythrocytes. They 
stimulate leucocytes and immune activation. On platelets Ozone 
favours the release of autacoids (local hormones) and growth 
factors. LOPs increase the release of NO- on the endothelium. 
They favour the generation of super gifted erythrocytes and 
release of stem cells on the bone marrow. Finally, LOPs acts 
over other organs, activating the upregulation of Oxidative 
Shock Proteins (OSP) and antioxidant enzymes (Superoxide 
dismutase, catalase and glutathione-peroxidase). (Table 1) 
(Bocci 2006; Bocci 2011).

The antioxidant system has evolved during the last two 
billion years as an essential defense against Oxygen. Antioxidant 
system is made up of scavenger components: albumin, Vitamins 
C and E, uric acid, bilirrubin, cysteine, ubiquinol, alpha lipoic 
acids and intracellular antioxidants (superoxide dismutase, 
catalase and glutathione peroxidase), protein (ceruloplasmin, 
which is able to chelate free iron and copper that otherwise, 
could favour the formation of hydroxyl radicals). In this 
context, a small amount of Ozone exposed to blood can undergo 
a transitory oxidative stress absolutely necessary to activate 
several biological systems and functions without detrimental or 
deleterious effects (Bocci 2011).

The purpose of Ozone is to produce acute oxidative stress. 
This stress must be adequate (otherwise it is a placebo), 

calculated (neither below nor too much above threshold levels) 
and transitory (not chronic oxidative stress). It is of paramount 
importance neither to override the antioxidant system nor to 
cause any toxicity. The upregulation of the antioxidant system is 
followed by repeated but small oxidative shocks (Bocci, 2011) 
(Table 2).

Ozone is an effective modulating agent for biological 
oxidative stress. It stabilizes pro-oxidant and antioxidant 
systems and also inflammation (Madrigal 2007).

The following situations preclude or limit the use of ozone: 
a) significant deficit of glucose-6-phosphate dehydrogenase 
(favism is an haemolytic disease in people lacking that 
enzyme); b) pregnancy in the early phase (to exclude any 
mutagenic risk, although unlikely); c) patients treated with 
angiotensin converting enzyme inhibitors; d) hyperthyroidism, 
thrombocytopenia, serious cardiovascular instability; and e) 
allergy to Ozone (Bocci 2011). Except for these situations, 
Ozone is very safe and it has no side effects, then no formal 
contraindication is stated by most researchers (Madrigal 2007).

There are several pathologies such as arteriosclerosis, 
diabetes, ischemia, osteoarthritis, neurodegeneration, 
nephropathies, chronic viral infections, autoimmune diseases 
and cancer; where there is an imbalance between oxidants and 
antioxidants, leading to chronic oxidative burden and death 
(Bocci 2006, Bocci 2011).

Ozone is a wonder drug because it can produce four 
extraordinary phenomena: 1) the induction of oxidative shock 
proteins (OSP); 2) the upregulation of antioxidant enzymes 
(catalase, superoxide dismutase, glutathione peroxidase); 3) 
the reduction and/or normalization of oxidative stress; and 4) 
the probable release of bone marrow stem cells (Bocci 2006, 
Madrigal 2007, Bocci 2011).

Ozone mobilizes bone marrow stem cells (BMSC) and 
produces LOPs, which induce NO synthase (NOs). This 
produces inhibition of platelet-leukocyte aggregation. Besides, 
NO produces neovascularisation and neoangiogenesis. NO 
activates MMP-9 (matrix metalloproteinase 9) indispensable for 
stem cell mobilization (Bocci 2006, Bocci 2011).

As a resume, Ozone is a molecule able to act simultaneously 
on several blood components. Ozone produces messengers 
such as ROS and LOPs; they can act locally or systemically 
in practically all cells of an organism. Four decades of clinical 

Subtrates Messengers Target organs Functional modificactions

Ozone in plasma

ROS

• Erythrocytes
• Leucocytes
• Platelets

Improved O2 delivery.
Inmune activation.
Release of autacoids and growth 
factors.

LOPs

• Endotelium

• Bone marrow
• Other organs

Increased reléase of NO-, 
generetaion of supergifted 
erythrocytes.
Release of stem cells.
Upregulation of Oxidative Shock 
Proteins and antioxidant enzymes 
(Ozone tolerance).

Table 1: Effect of Ozone on target organs and functional modifications (Bocci 2011).

 

Figure 2: Ozonotherapy equipment (Ozonosan ® alpha-
plus). Dose of 20 µg/ml.
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experience have shown that ozone can act as a disinfectant, an 
oxygen donor, an immunomodulatory, a paradoxical inducer 
of antioxidant enzymes (catalase, glutathione peroxidase, 
superoxide dismutase), a metabolic enhancer, an inducer of 
endothelial NO syntheses, and possibly an activator of stem cells 
with consequent neovascularisation and tissue reconstruction 
(Bocci 2006, Bocci 2011).

Ozone In Orthopedic Diseases
The first author who had the idea to inject small volumes 

of ozone in patients affected by tendinitis and myofascial pain 
was Dr. Alexander Balkany in Zurich in the 1970s. After him 
Riva Sanseverino (1989), Verga (1989), Siemsen (1995) have 
begun to treat acute and chronic polyarthritis (OA of the knee, 
hip, interphalangeal joints, sacroiliac joints, etc.), epicondylitis 
and carpal tunnel syndrome with intra articular or periarticular 
insufflation of small volumes of O2-O3 or Oxygen-Ozone (5-10 
ml in one or three sites with an ozone concentration from 5 to 
15ug/ml) with very encouraging results. In Morton’s disease 
(neuroma), up to six infiltrations of gas (4ml each at 20ug/ml) 
have yielded great pain relief. In a very informative review, 
Siemsen (1995) reported that application of medical ozone in 
acute and chronic painful joint diseases is a complementary 
method of treatment to obtain rapid pain relief, decongestion, 
disappear of edema, reduction of local temperature and increase 
mobility. If performed by an expert orthopaedic surgeon, the 
treatment is not risky and causes only transitory local pain that 
disappears in 5-10 minutes without any other adverse effect 
(Siemsen 1995).

The pathophysiology of OA diseases is complex and 
characterized by the softening and even destruction of articular 
cartilage, with increased matrix degradation due to collagenases 
and proteoglycanases. The enzymes may be secreted by 
activated chondrocytes and monocytes, which by releasing 
IL-1 and TNF-α amplify the inflammation. Synthesis of PGs 
increases several fold and there is a natural attempt to maintain 
a biomechanical adequate matrix. In contrast to Rheumatic 
Arthritis, pannus does not develop. Joint pain may be aggravated 
by concomitant synovitis (Bocci 2011).

Drug therapy for OA is symptomatic, aiming to reduce pain 
and disability. Inhibitors of cyclooxygenase I (COX I) are in 
wide use, with some side effects, and are being substituted with 
inhibitors of cyclooxygenase II (COX II), but less successfully. 
Local injection of glucocorticoids into a given joint can be 
carried out no more than twice per year (Bocci 2011).

Conventional medicine does not have a cure for OA. 
Patients search for complementary therapies. By now, 
innumerable patients have been treated with ozone, and they 
have experienced great pain relief for a long time. It is surprising 
that ozone, a potent oxidant, injected into the synovial space 
does not elicit further inflammation nor degeneration, but it is 
believed to produce just the opposite paradoxical effect (Bocci, 

2011). It is believed that Ozone injected on the synovial fluid 
generates ROS and LOPs, which are responsible for the positive 
effects of Ozone therapy: a) possible inactivation-inhibition of 
release of proteolytic enzymes/proinflammatory cytokines; b) 
stimulation of proliferation of chondrocytes (probably via H2O2-
ROS) and fibroblasts, with increased synthesis of matrix and 
possibly of articular cartilage. The induction of the synthesis 
of antioxidant enzymes (superoxide dismutase, catalase and 
glutathione peroxidase) are a crucial event in the adaptive 
response to chronic oxidant state to Ozone. That is the reason 
why Ozone must be injected at low doses at the beginning; 
c) probable inhibition of release of bradykinin/synthesis of 
inflammatory PGs with reabsorption of edema and pain relief; 
d) an increased release of IL-1 soluble receptor or of some 
other soluble receptors and antagonists able to neutralize 
proinflammatory cytokines such as IL-1, IL-8, IL-12, IL-15 
and TNF-α; e) conversely, the release of immunosuppressive 
cytokines (TGF-β1 and IL-10) may inhibit inflammation (Iliakis 
2001, Paolini 2009). Among several growth factors, TGF-β1 
is interesting because it modulates the expression of integrins 
and stimulates the synthesis of matrix proteins such as collagen 
and glycosaminoglycan’s (Trippel 1995; Qi and Scully 1997; 
Grimand 2002, Jani 2012).

In 1988, Verga noted pain relief after infiltrating trigger 
points in myalgia with O2-O3 and proposed to use an indirect 
technique by injecting the gas into localizable points in the 
paravertebral muscle (locus dolente) corresponding to the 
metamere of the herniated disc. Now this is called the indirect 
approach or chemical acupuncture (named by Bocci since 1988) 
to clarify that the beneficial results is obtained via the chemical 
reaction to Ozone (Bocci 2011).

It is hypothesized that the formation of Ozone messengers 
ROS and LOPs would act in the synovial fluids in two phases. 
In the first phase Ozone would inhibit inflammation diminishing 
proinflammatory cytokines (like PGE2 and leukotrienes via 
decreasing phospholipase A2, COX I and COX II inhibition) 
diminishing kallikrein and bradykinin. It could inhibit the release 
of serotonin and MPs or metalloproteinases such as collagenase, 
gelatinase and aggrecanase, avoiding cartilage degradation 
(Bocci 2011, Buric 2014). On the late phase, Ozone would 
act over the upregulation of antioxidant enzymes, OSP (HO-
1) inhibitory cytokines (IL-4, IL-10, TGF-β), neoangiogenesis, 
NO syntheses and release of endorphins, ACTH and cortisol. 
All of these would act in the reparative process in the articular 
joint by stimulating chondrocytes, fibroblasts and stem cells to 
synthesize proteoglycans, glycosaminoglycans and collagen 
(Bocci 2011).

At this moment there are several clinical studies on the 
efficacy of Ozone in the reduction of pain and inflammation in 
knee OA or disc herniation (Borreli 2015). In our public hospital 
(Santa Cristina’s University Hospital) we have been treating 
more than 200 patients with chondromalacia and knee OA in 
3 years of follow-up with outstanding results on pain, rigidity, 

Ozone produces Acute oxidative stress

Adequate (not placebo)
Calculated (neither below nor above threshold)
Transitory (not chronic oxidative stress)

Table 2: Objective of Ozone (Bocci 2011).
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functioning (measured by WOMAC scale) and recovering of 
articular joint space (measured by radiographs), and our results 
will be published soon.

The explanation for that efficacy is that O2-O3 acts on several 
cytokines which are lately responsible for the degradation and 
the repair of cartilage and bone in OA. Ozone stimulates the 
production of TGF-β1 which accelerates the cell recovery 
(Madrigal 2007).Ozone induces the production of cytokines: 
IFN-γ (Bocci y Paulesu 1990, Madrigal 2007, Bocci 2011), 
IFN-β, IL-2, IL6, IL-8, TNF-α, TGF-β (Paulesu 1991, Bocci 
1998, Larini 2001, Madrigal 2007, Bocci 2011), IL-4 and IL-12 
(Madrigal 2007).(Table 3)

It would be interesting to examine synovial fluid before 
and after Ozone therapy, because there are no experimental 
studies on the mechanism of action of Ozone in knee OA 
(Borreli 2015, Hashemi 2015).Unfortunately this is not possible 
because it is difficult to collect patients and most of them are 
treated privately. However, Chang has recently demonstrated 
that Ozone in synovial fluid diminishes the production of the 
proinflammatory cytokines IL-6, IL-1β and TNF-α (Chang 
2005). On the other hand, the private industry is no interested 
in the study of the efficiency of Ozone on pain in knee OA for 
economic interests. That is the reason why there are only small 
series of case-reports worldwide. It is of paramount importance 
to originate and reproduce new and interesting clinical studies 
that sustain the effectiveness of Ozone, so it could become 
useful for the benefit of both science and patients.

Ozone Infiltration Technique And Effectiveness In 
Osteoarthritis Of The Knee

O2-O3 in osteoarticular diseases produces: a) better 
vascularisation on bones and cartilage, accelerating anabolism 
and recovery; b) anti-inflammatory effect by ozone activation 
over PGs (prostaglandins); c) immunomodulatory effect on 
autoimmune and inflammatory diseases (such as Rheumatoid 
Arthritis and Osteoarthritis); d) trophic effects on bone and 
cartilage (Madrigal 2007).

In knee OA there is great variability in terms of side of 
injection, volume and gas concentration of Ozone therapy 
(Borreli 2015). The ozone treatment on knee joint could be 
intra articular, periarticular and subcutaneous. The O2-O3 can be 
applied twice/week for 5-6 weeks. The concentration of O2-O3 
must be 10ug/ml, the volume of the gas should be 20ml for intra 
articular injections, 10ml for periarticular and subcutaneous 
injections (Figure 3). The treatment is painless if the injections 
are applied slowly (Madrigal 2007). 

After the first ozone therapy treatment, some other treatments 
can be applied afterwards (1-2 per year) for maintenance. It 
all depends on the effect over the articular physiology of the 
knee. It is accepted that ozone improves the range of movement 
(ROM) in Osteoarthritis of the knee (Madrigal 2007).

On knee OA, ozone slows the degenerative process 
and improves the ROM. Besides, ozone improves the cell 
permeability and diminishes articular effusion (Madrigal 2007).

The published studies on the use of Ozone in knee OA are 
limited. Fahmy and Riva –Sanseverino were the first to use 
Ozone in the treatment of Knee OA and in rheumatoid arthritis 
(Fahmy 1981, Riva-Sanseverino 1989). Escarpenter reported 
the treatment of 123 patients with knee OA (Escarpenter 
1997). Riva-Sanseverino treated 83 knee OA patients with 
amelioration of pain (Riva Sanseverino 2002). Milanés in 321 

Cytokine/cell Target Ozone effect Article Review
MMPs inhibition ↑ Bocci 2006, Bocci 2011, Buric 2014
NO synthesis ↑ Bocci 2006, Bocci 2011, Borrelli 2015
PGE2 inhibition ↑ Borrelli 2015
Inhibition of proinflammatory cytokines:
• IL-1 ↑ Bocci 1993, Iliakis 2001, Chang 2005, Jani 2012
• TNF-α ↑ Larini 2001, Madrigal 2007, Borrelli 2015, Chang 2005

• IFN-γ, IFN-β ↑ Bocci y Paulesu 1990, Larini 2001, Bocci 2006, Madrigal 2007, Bocci 
2011, Jani 2012, Borrelli 2015

To stimulate anti-inflammatory cytokines:

• IL4, IL6, IL10, IL13 ↑ Bocci 1993, Iliakis 2001, Larini 2001, Chang 2005, Madrigal 2007, 
Borrelli 2015

Growth Factors:

• TGF-β, IGF-1 ↑
Paulesu 1991, Bocci 1993, Trippel 1995, Qi 1997, Larini 2001, 
Grimand 2002, Bocci 2005, Madrigal 2007, Fuccio 2009, Bocci 2011, 
Jani 2012, Borrelli 2015

Cell therapy:
• Chondrocytes, stem cells ↑ Bocci 2006, Bocci 2011

Table 3: Ozone therapeutic targets in knee OA. 

 

Figure 3: Intra articular infiltration of 20 ml of Ozone.
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patients diminished pain and improved articular function (81% 
of success) (Milanés 2009). Baeza-Noci has reported 80% 
success in knee and hip OA, while de Lucas published 74% in 
Knee OA (de Lucas 2005, Baeza-Noci 2011). More recently, 
Cabot found 82-87% success in 57 knee OA/chondromalacia 
patients after ozone treatment (Cabot 2012). (Table 4)

Intra articular Ozone injections are an effective and costless 
procedure that controls pain in knee OA (Muto 2004, Paolini 
2009). Many authors state that Ozone diminishes pain and 
improves function in knee OA (Benvenuti 2006, Moretti 2010, 
Mishra 2011, Calunga 2012, Li 2013, Samper 2013, Camelia 
2014, Hashemi 2015). Ozone is also capable to reduce edema 
and inflammation (Siemsen 1995, Benvenuti 2006, Madrigal 
2007, Yu 2010, Valliant 2013). (Table 4)

Severe OA is not a contraindication to use Ozone; these 
patients improve almost the same as low grade OA, but the time 
free of symptoms is significantly shorter (Baeza-Noci 2011).

The experience of the previous authors and the current 
literature demonstrate the efficacy of ozone against joint pain, 
inflammation and swelling. Patients are capable of recovering 
function in walking, going up and down stairs, washing, 
dressing and feeding (Benvenuti 2012). 

Ozone is a good treatment with high success rate, minor 
complications and easy execution, reproducibility and 
sustainable outcome (Benvenuti 2006). It is mandatory to be well 
trained to perform these approaches (Alexandre 2014). Ozone is 
so safety and cheap, that the cost/effectiveness approach could 
prove that Ozone is even better than systemic drug treatments 
(Alexandre 2014).

Conclusions
Knee OA is a progressive condition with no cure nowadays. 

The treatment is focused on amelioration of symptoms. Knee 
OA is related to genetic, biological and biomechanical factors 
and recently to chronic inflammation. There is a long time 
evidence (four decades of clinical use) of the use of Ozone 

on many diseases and especially on treating musculoskeletal 
disorders such as knee OA. Ozone is able to inhibit inflammatory 
cytokines, MMP (mineral metalloproteinases), NO (nitric 
oxide), PGs and to stimulate anti-inflammatory cytokines, 
growing factors, chondrocytes and stem cells. Ozone diminishes 
inflammation and favours the trophism, vascularisation and 
repair of articular cartilage and subchondral bone. The action 
of Ozone over different targets on knee OA postulates it as 
a promising and wonderful therapeutic weapon capable to 
diminish pain, articular destruction and recover function and 
quality of life. Because of all the expected potentials attributed 
to Ozone therapy in different medical specialties (including 
knee OA), there is the hope that Ozone therapy will be part of 
the official medicine in all public Hospitals as it was in ours.
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