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Editorial
Cari Amici e Colleghi
Purtroppo devo aprire questo mio editoriale con una
notizia molto triste: da poco è scomparso il nostro Presidente
della W.F.O.O.T, Vijay Sheel Kumar, che dopo lunga malattia
ci ha lasciati.
Ci lascia un grande uomo che ha vissuto insieme a tutti
noi con entusiasmo, passione, impegno, dedizione il cammino
dell’ozonoterapia nel Mondo, un maestro di vita, un uomo
saggio, un amico, un padre.
Vijay ci mancherai, ci mancherà il tuo sorriso intelligente,
il tuo saper essere sempre propositivo e positivo.
Grazie Vijay per tutto quello che hai fatto e che ci hai dato.
Così lo cita il Guardian Health Chronicle
Neurosurgeon turns ozone therapist
Dr Vijay Sheel Kumar is a pioneer in Ozone Therapy, a new treatment in spinal disorders that is noninvasive and causes minimal discomfort to the patients. Technically, Dr Kumar is a neurosurgeon with a deep
interest in pain medicine. As a neurosurgeon he always preferred minimal invasive techniques for surgery
because of reduced tissue damage that ensured faster recovery. Since 2003 he has been practising ozone
therapy full time, as it offers a new way for treating back and leg pain resulting from disc prolapse. Almost
three to four hundred patients come to him seeking relief from crippling pain and majority of them are in
the age group of 30-50. “However, the youngest patient I treated was 13 years of age and the oldest was 88
year old. The patients that I get come from all over the world and different parts of the country,” shares he.
Ti ricorderemo sempre così.

Queste immagini di Vijay, uno dei suoi primi casi trattati con successo, vogliono essere un tributo alla sua
meravigliosa carriera
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Federazione Italiana di
Ossigeno-Ozonoterapia
www.webfio.it

Vorrei ora, invece, soffermarmi su alcuni aspetti che riguardano il mondo dell’ozonoterapia
italiano
La F.I.O., nata nel 2003 resiste da circa
dieci anni con pochissimi fondi a disposizione,
facendosi forza sulla necessità di dare credibilità e scientificità a un campo della medicina
che viaggia sempre al limite con molti detrattori sempre pronti a crocifiggere il medico
ozonoterapeuta.
La F.I.O  ha saputo dare ai suoi associati
le basi scientifiche per poter lavorare in un
range di sicurezza validando scientificamente
l’operato dei proprio medici, soprattutto
grazie alla rivista “International Journal of
Ozonetherapy”, oggi unico riferimento sicuro
riconosciuto per qualsiasi controversia medico
legale, ma anche grazie a Corsi e Congressi
seri e credibili.
La F.I.O  grazie ai propri legali garantisce
anche un ausilio immediato in caso di necessità ai propri associati.
In questi dieci anni siamo intervenuti in
difesa dei nostri colleghi in quattordici occasioni, molto spesso gli interventi sono avvenuti

6

in casi pretestuosi “per es.: collega accusato
di aver causato una spondilodiscite quando
invece trattavasi di un ostecondrite tipo I
di Modic etc…”, ma comunque si è dovuto intervenire. Il sottoscritto e il professor
Leonardi, che ricordo essere riferimento nazionale AMAMI per casi di controversie in tema
di ossigeno-ozono terapia, sono più volte
intervenuti a difesa dei colleghi. Cito anche
l’importante intervento di Lamberto Re, nostro consigliere presso il Tribunale Sportivo
Internazionale nei casi di doping con grande
autoemoterapia.
Dopo questa premessa, che spero vi faccia capire quanto sia importante avere una
Federazione sempre più forte e compatta (oggi
siamo pochissimi medici che hanno rinnovato l'iscrizione alla F.I.O per il 2012), volevo
chiudere ringraziando il lavoro e l'impegno
da parte di tutti con l'augurio che nel 2012
sempre più colleghi e amici che lavorano con
l'ozono vogliano unirsi a noi iscrivendosi alla
F.I.O. per far parte di questo gruppo.
Il vostro segretario

Matteo Bonetti

www.centauro.it
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Cari amici e colleghi,
Vi sottopongo questo caso, partendo da quanto
venne pubblicato su “Spine dicesi Spine” nel 2007

Spine (Phila Pa 1976). 2007 Feb 1;32(3):E121-3

Fulminating septicemia
secondary to oxygenozone therapy for lumbar
disc herniation: Case report
Gazzeri R, Galarza M, Neroni M,
Esposito S, Alfieri A.
Department of Neurosurgery, Ospedale San Giovanni
Addolorata, Rome, Italy.
Figure 1

Caso Clinico
Paziente: R.A  femmina di anni 69, diabetica,
afflitta da lombalgia acuta complicata da sciatalgia
bilaterale, la RM documenta listesi di I° grado
L4 su L5 con protrusione mediana paramediana
bilaterale del disco con situazione di conflitto disco
radicolare con entrambe le radici L4 (vedi figura
1).
Viene sottoposta a svariate terapie: quali??? Le
ometto per portarvi alla riflessione finale.
La paziente viene ricoverato presso l’Istituto
Clinico…  Ed in due giorni sviluppa un quadro di
setticemia…
La RM documenta multipli ascessi nella
muscolatura paravertebrale!!! (figura 2) e
un’impregnazione patologica della dura madre e
delle radici della cauda equina con meningite.
Ora posso concludere facendovi queste domande:
1) La paziente ha fatto ozonoterapia?
Se si, quale approccio: paravertebrale classica
causando ascessi paravertebrali e poi sepsi oppure
è stato punto il forame o il disco con le conseguenze sovracitate?
2) Se siamo colpevoli cosa facciamo? (tutti possiamo sbagliare nella vita)
Discussione-Conclusioni
La paziente era diabetica ed è stata sottoposta a
dosaggi elevati di steroide per un mese, il dolore è

Figure 2

diventata insopportabile e ha assunto anche della
morfina, era immunodepressa in maniera grave e
non ha mai fatto ozonoterapia.
Questo è lo stesso caso che è costato ad un nostro collega un processo di oltre 5 anni, un esborso
economico non indifferente, una perdita di credibilità professionale etc… e per fortuna esisteva la
Rivista con gli articoli riconosciuti a livello internazionale e la F.I.O…
7
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Quindi, perdonatemi, ma oggi chi fa ozonoterapia, una terapia dai risultati terapeutici straordinari, deve fare i conti con l’invidia dei colleghi,
con il dente avvelenato delle lobbies chirurgiche,
sapendo di toccare interessi importanti.
Un altro problema che sta diventando sempre più di attualità è questo: ambulatorio per
ozonoterapia? Studio medico per ozonoterapia?
Poliambulatori dove si fa ozono?
Cari colleghi anche a questo la F.I.O  è pronta
a darvi la massima disponibilità per risolvere il
vostro problema e aver la possibilità di lavorare in
piena tranquillità.
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Quindi iscrivetevi alla F.I.O.!!!, perché da ora in
poi la F.I.O. fornirà la propria consulenza solo ai
medici regolarmente iscritti. Devo dirvi che siamo
infastiditi da quelli che si iscrivono un anno perché
vivono delle difficoltà professionali, e dopo essere
stati aiutati dall'Associazione non continuano a
sostenerla.
Questo dovevo.
Il vostro segretario

Matteo Bonetti
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International Journal of Ozone Therapy 11: 9-14, 2012

Inflammatory Mechanisms Involved in the
Lumbar Disc Herniation with Hydrated
Nucleus Pulposus (Acute Herniated Disc)
and the Oxygen-Ozone Therapy
A Different Viewpoint
A.M. Grangeat, M. de los Ángeles Erario
Research Department, Instituto Argentino de Ozonoterapia (IAOT); Ciudad Autónoma de Buenos Aires, Argentina
Key words: oxygen-ozone therapy, disc herniation, cytokines, interleukins

SUMMARY - The sciatalgy is one of the main reasons for medical consultation worldwide. One of the
most common causes of sciatalgy is the intervertebral disc herniation. Since 2002 we have been using the
oxygen-ozone therapy to treat the intervertebral disc herniation with hydrated nucleus pulposus. When the
herniated disc has a constraining fibrous ring, the response is not always good. We believe that the immune
system is the one that reabsorbs the herniated portion of the nucleus pulposus; this mechanism is increased by
the action of the oxygen-ozone therapy in therapeutic concentrations, moreover, it aids the scar formation of
the fibrous ring. Therefore, at our Institute, we have named herniolisis the procedure we perform at the operating room by administering oxygen-ozone in therapeutic concentrations directly into the intervertebral disc.
In this work we have revised the bibliography from the last few years thoroughly to understand the role of the
inflammatory response and all the chemical mediators involved in the development of the pathology, to test
an explanation on how the oxygen-ozone therapy works in the resolution of the intervertebral disc herniation.

The sciatalgy is a very common cause of pain
and disability, which brings about huge expenses to
health systems. The studies regarding its prevalence
vary significantly and range between 1.2% and
43%, depending on the studied populations 1. In the
USA, the acute lumbar pain generates annually an
economic impact of 200 billion dollars 2 and 5.7 million people develop an intervertebral disc related
disease 3. In 40% of the people, the lumbar pain is
the result of intervertebral disc pathologies 4.
In 90% of the cases, the sciatalgy is caused by
intervertebral disc herniation, with nerve root
compression, but the lumbar stenoses and – though
less frequently – the tumors can also be the cause.
The treatment of sciatalgy varies considerably 5,
but the guidelines for the diagnosis have been well
established throughout the years.
Intervertebral Disc Embryology
The embryological development of the vertebral
column is focused on the notochord derived from
the mesoderm. In the development of the interver-

tebral disc, the notochord is important as the center
for signaling that mediates the cellular migration,
differentiation and survival, and as the physical
structure that gives rise to the nucleus pulposus 6-8.
The annulus fibrosus and the nucleus pulposus
emerge at the same time through different means
of development. After 30 days of gestation the
sclerotome cells migrate medially from pairs of
paraxial somites to condense around the notochord 9. The condensation adopts a metameric pattern of regions more or less condensed that, later
on, will give rise to the fibrous ring and vertebral
bodies respectively 10. The cells in the future region
of the fibrous ring adopt fibroblastic morphology.
Those cells align and orient themselves to form a
matrix deposit support. The organization of the
fibrous ring is mediated by actin filaments from
the cytoskeleton. Within those cells, the stress fibers form an alignment that forebodes the organization of the mature collagen in the fibrous ring 11,12.
Simultaneously with the morphogenesis of the
fibrous ring, the notochord contracts within the
rudiments of the forming vertebral body, while at
the same time it expands inside the intervertebral
9
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regions to form the nucleus pulposus. It has been
proposed that the biomechanical forces play a part
in this transformation 10.
The embryogenesis of the intervertebral disc
occurs in response to a series of molecular signals
that originate from notochordal cells and the neural tube 13. The scarce nutritional contribution to the
avascular intervertebral disc cells is related to the
degenerative pathologies that develop throughout
the years. In humans, during the early years in life,
the blood vessels that penetrated the fibrous ring
and the endplate cartilage since the 35th gestation
week start to move away, leaving the disc as a
totally avascular structure 14. The possible reasons
for this to happen are the decrease of nutrient
requirements, followed by the initial period of
rapid growth or the inability of the circulatory
pressure to compete with the great physiological
problems surrounding the extracellular matrix.
After the regression, there is evidence that the
pathways taken by the blood vessels are never
fully remodeled, in the micro-architecture of the
surrounding areas, and that they remain as translamellar elements. The idea is consistent with the
fact that the disc has a poor remodeling and repairing capacity. The adult disc is almost completely
avascular, which is why the resident cells must survive and work in an environment with poor oxygen
and nutrients 8.
Normal Intervertebral Disc Anatomy
The intervertebral discs occupy the space inbetween the vertebral bodies of the column. They
are the main joints in the spine and represent the
third part of its weight. Their main role is mechanical, since they transmit the loads derived from the
body weight and the muscular activity through the
vertebral column. The intervertebral discs provide
flexibility, allowing flexure and torsion.
They are made of an external fibrous ring of
fibrous cartilage that surrounds a central region of
a gelatinous structure called the nucleus pulposus.
The nucleus pulposus is limited in the superior
and the inferior parts by a hyaline cartilage called
endplate 15.
The Nucleus Pulposus and the Annulus Fibrosus
The central nucleus pulposus contains collagen
fibers randomly organized and elastin fibers distributed in a radial way. The fibers are soaked in a
gelatinous substance highly hydrated that contains
proteoglycans. The main proteoglycan is called
aggrecan. Interspersed, there are chondrocyte-like
10
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cells that are sometimes located in a capsule inside
the matrix. Outside the nucleus pulposus there is
the annulus fibrosus formed by a series of concentric rings or lamellae with collagen fibers oriented
in parallel with the lamellae. The elastin fibers are
among the lamellae.
The cells of the annulus fibrosus in the outer
region are fibroblast type, which are elongated,
thin and aligned in parallel with the collagen fibers.
Towards the inner region cells can be more oval.
The endplate is a very thin structure of hyaline
cartilage that lies in the interface between the
intervertebral disc and the vertebral bodies. The
collagen fibers inside that structure are parallel
and horizontal to the vertebrae 15.
In healthy adults the intervertebral discs receive
almost no blood supply, but they do receive some
innervation in the outer lamellae of the annulus
fibrosus that can end up in proprioceptors 16.
Normal Intervertebral Disc Physiology
The mechanical functions of the disc are performed by the extracellular matrix. It is formed
by a net of proteoglycans and collagen fibers,
mainly type I. The collagen covers the 70% of the
dry weight of the annulus fibrosus and only the
20% of the nucleus pulposus. Besides, the greatest
concentration of proteoglycans lies in the nucleus
pulposus 17.
The aggrecan is the main proteoglycan in the
intervertebral disc. It is a glycoprotein formed
by a central protein (hyaluronic acid) attached
covalently to glycosaminoglycans. In the case of
the aggrecan, the glycosaminoglycans are constituted by chondroitin sulfate and the keratan sulfate. They keep the hydration of the disc through
osmotic pressure. Due to the highly negative
charge content, they draw water and give a gel-like
consistency, occupying a great volume. The water
and proteoglycan content is greater in the nucleus
pulposus than in the annulus fibrosus 18-19,15.
The cells in the nucleus pulposus generally synthesize collagen type II, whereas the cells in the
annulus fibrosus synthesize collagen type I and II.
The matrix is a dynamic structure and its molecules are in constant change because of the proteinases, matrix metalloproteinases (MMPs) and
aggrecanases that are synthesized by the disc cells.
The balance among the synthesis, degradation and
accumulation of the matrix molecules determine
its quality and the performance of the intervertebral disc. The integrity of the matrix is essential to
keep the functions of the intervertebral disc, since
due to its avascular and non-neural origin it cannot
be repaired 20.
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Disc Herniation with Hydrated Nucleus Pulposus
Regarding the response to treatment with oxygen-ozone therapy, the disc herniation is acute as
long as the disruption of the annulus fibrosus and
the exposure of the nucleus pulposus to the adjacent tissue remain. In this way, the nucleus pulposus is exposed to the action of the immune system.
The herniated nucleus pulposus resorption is
a phenomenon supposedly demonstrated during
intervertebral disc herniation. It is important to
clarify the molecular events occurring at the nucleus pulposus resorption to understand the pathogenesis and the resolution of the disc herniation
21
. However, it can be frequently observed patients
who drag episodic pain crises for many years. And
in the consecutive nuclear magnetic resonance
images (MRI) we observe images where the morphology and size are modified but never fully
resolved. A very frequent case is the different size
in the image of the protrusion, but what generally
remains is the disruption of the annulus fibrosus.
This is appropriate to the criteria of the causes of
the inflammation and pain and the persistence of
the painful clinical signs throughout the years.
Since 1969 it is known that the pH levels within
and surrounding the herniated disc are diminished,
which shows an inflammatory reaction in the area
surrounding the nerve root causing the sciatalgy 22.
Many studies have contributed to the understanding of the inflammatory process in the intervertebral disc, showing that there is an increase in the
production of prostaglandins, leukotrienes, thromboxanes and nitric oxide in the tissues of herniated
intervertebral discs 23-24. Also, several studies have
revealed the greatest expression of pro-inflammatory cytokines in the herniated intervertebral discs,
such as tumor necrosis factor alpha (TNFα), interlukine-1 alpha (IL-1α) and/or 1 beta (IL-1β), interferon gamma (IFNγ) and interleukin-6 (IL-6) 24-29.
Shamji M. et al found increased levels of IFNγ
and IL-6 in the herniated intervertebral discs. They
also showed that in the herniated discs there is a
greater presence of IL-4 and IL-12 compared to
the degenerated intervertebral discs. This group
of mediators includes products from macrophages
that cause the lymphocyte activation and differentiation, as well as the products from lymphocytes
that recruit and activate macrophages towards
phagocytosis and proteolytic enzyme secretion.
All this inflammatory profile – IL-4, IL-6, IL-12
and IFNγ – in the herniated intervertebral discs
suggests that the lineage activation of lymphocytes
Th1 is associated to the herniated disc pathology.
This happens after the herniated material from
the nucleus pulposus is exposed to the systemic
circulation 30.
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The herniated discs also express ICAM-1 (intercellular adhesion molecule-1), suggesting that
products associated with inflammation in the herniated discs can use the molecule to draw effector cells from the immune system 31. The ICAM-1
is a cell surface glycoprotein which is typically
expressed on endothelial cells and cells of the
immune system. It functions in the transduction of
signals, causing pro-inflammatory effects.
Pathologic intervertebral discs show an increase
in the expression of IL-17, a product from lymphocyte lineage Th17. This suggests those lymphocytes are involved in the intervertebral disc
pathology and maybe they synergize with the INFγ
32
. The disc cells respond to the IL-17 and to the
pro-inflammatory co-stimulants TNFα and IFNγ,
increasing the production of inflammatory mediators: nitric oxide synthase (NOS), prostaglandin E2
(PGE2), interleukin-6 (IL-6) and ICAM-1 in the
cell surface. The pro-inflammatory action of IL-17
depends on its ability to trigger the expression of
the inducible nitric oxide synthase (iNOS), which
is the responsible for the formation of radical nitric
oxide (NO). The NO – at low concentrations – can
modify intracellular signals that affect the function
of immune cells and tissue and organ resident cells;
the excessive release of NO results, however, in the
inflammatory destruction of tissues.
Equally important to the cellular production of
inflammatory cytokines, it is the IL-17 ability to
stimulate the expression of ICAM-1 for drawing
immune cells. The results show that the intervertebral disc cells respond to the IL-17 and the
co-stimulants IFNγ or TNFα, increasing the production of inflammatory mediators and cytokines
as well as the chemotactic profile through the
regulation of the expression of the ICAM-1. The
IL-17 can be an important regulator of the herniated intervertebral disc inflammatory pathology,
of the degenerative pathology and/or multiple
pathologies 33.
The Ozone Therapy in Medicine
In the XIX  century the ozone was identified
as a powerful bactericide and it was used during
the First World War to treat soldiers suffering
from gas gangrene due to anaerobic infections by
Clostridium, at the Queen Alexandria Military
Hospital, Germany 34-35. In 1935, at the 59th Congress
of the German Surgical Society (Berlin), it was
introduced as a well-tolerated disinfectant for
wounds 36. Since that moment the application of
this therapeutics started to spread. The treatment with oxygen-ozone therapy for back pain
has proved very effective, either administering it
11
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directly (intradiscal) or indirectly via intramuscular in the paravertebral muscles. During the last
few years over 30,000 patients with disc herniation
have been treated successfully in Italy 37.
Action Mechanisms of Ozone Therapy
In a physiological environment, the ozone reacts
immediately with the antioxidants, polyunsaturated fatty acids, proteins, carbohydrates and, if the
concentration is high, with DNA and RNA. Also, it
leads to the formation of reactive oxygen species
(ROS), lipid oxidation products (LOPs) and oxidized antioxidant compounds 37. In precise doses
it is not noxious and it can trigger a great amount
of biological responses that manage to take back
a chronic oxidative stress situation. In the process
the ROS and LOPs are formed. The former work
immediately (as early messengers of short action),
the latter are distributed to the different tissues
through circulation, as late messengers. The hydrogen peroxide (H2O2) is the most important ROS 
that is formed in this process; it spreads quickly
from the plasma to the cellular cytoplasm (leukocytes, erythrocytes, platelets) and it triggers stimuli
that, depending on the kind of cell, activate different pathways and therefore various biological
effects. In the erythrocyte, the pentose phosphate
pathway is activated, allowing a greater oxygen
supply to the ischemic tissues. This occurs through
the displacement of the oxyhaemoglobin dissociation curve towards the right, because of a decrease
in the pH (Bhor effect) 40,37.
In the leukocyte cytoplasm, the action of the
H2O2 oxidizes specific cysteines, activating the
tyrosine kinase that phosphorylates the nuclear
transcription factor nfκβ, allowing the release of a
heterodimer that when entering the cellular core
activates the synthesis of acute phase reactant proteins and interleukins.
In the case of platelets, the ozone produces a
dose-dependent activation, which generates the
release of growth factors.
The generated LOPs act as remote messengers and activate endothelial cells, resulting in
an increase in the production of nitric oxide
(NO). The synthesis of some antioxidant enzymes
increase: superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), glutathione reductase (GSH-Rx), glutathione transferase (GSH-Tr)
and glucose-6-phosphate dehydrogenase (G6PD)
38
. Also, it is induced the action of the hemeoxygenase-1 (HO-1) 39 that generates the production of
carbon monoxide (CO), bilirubin and Fe+2. The CO 
cooperates with the NO  in the regulation of the
vascular tone 40,37.
12
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It has been proved recently that the ozone
behavior adjusts to the concept of hormesis, which
states that the exposure of a living organism to
very low concentrations of an agent, which at high
concentrations can be harmful, induces an adaptable and beneficial response. The concept that
the ozone will eventually induce an antioxidant
response capable of taking back chronic oxidative
stress is based on findings about an increase of
the antioxidant enzymes levels during the oxygenozone therapy. These facts can include the ozone
as a hormetin 41.
The Ozone Therapy in Disc Herniation
The oxygen-ozone therapy is a minimally invasive treatment for lumbar disc herniation that
uses the biochemical properties of the oxygenozone mixture. Andreula et al. compared the
result of administering oxygen-ozone versus ozone
followed by corticosteroid and anesthetics in 600
patients suffering from constrained lumbar disc
herniation with nerve root compression. Three
hundred patients were administered oxygen-ozone
and the other 300 received periganglionic corticosteroids and anesthetics plus oxygen-ozone. The
progress was measured six months after the treatment and the result they obtained was favorable in
both cases, showing that the oxygen-ozone therapy
is a useful option to treat lumbar disc herniation
when the conservative treatment has failed 42.
In a randomized study, controlled in over 300
patients, Bonetti et al. compared the therapeutic effectiveness of the intraforaminal oxygenozone treatment versus periradicular infiltration
of steroids in lumbar pain and sciatalgy. The short-,
medium- and long-term results favored oxygenozone treatment, besides no adverse reactions
were observed. Oxygen-ozone infiltrations not
only did reduce the pain, but also acted on its
cause, accelerating the natural process of recovery
from disc herniation, showing that oxygen-ozone
therapy is a first choice treatment, leaving surgery
as a second choice 43.
Gallucci et al. compared treatment with intradiscal and intraforaminal injections of steroids versus oxygen-ozone plus steroids, concluding that
oxygen-ozone treatment was more effective in a
six-month term 44. Furthermore, in 2009, Paoloni et
al. performed a multicenter, randomized, doubleblind, clinical trial in a cohort of patients with
lumbar pain due to disc herniation, assessing the
benefits of intramuscular-paravertebral infiltrations of oxygen-ozone, proving to be an effective
therapy for the reduction of pain, disability and
analgesic drugs intake 45.
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Our View
Knowing the inflammatory mechanisms and
the inflammatory mediators that take part in the
intervertebral disc herniation, in addition to the
knowledge we have acquired over action mechanisms of the ozone therapy, we are ready to state
that the oxygen-ozone therapy modulates oxidative
stress that takes place in the disc-radicular conflict,
and it modulates the immune system, which is the
one that resolves the disc herniation. As far as we
understand, the oxygen-ozone therapy, administered in therapeutic concentrations, would not
dehydrate the nucleus pulposus nor diminish its
volume. We believe the immune system is modulated by the ozone therapy and thus it phagocytes
the herniated portion of the nucleus pulposus, it
restores the integrity of the annulus fibrosus and
it puts an end to inflammation and radicular pain.
We believe the discal disease does not self limit.
This is consistent with the idea that the avascular
intervertebral disc has a poor or null capacity of
remodeling and repairing, and with the fact that
the patients progress with pain crises for years
and end up developing a genuine nucleus pulposus herniation that imposes a treatment or they
develop, through multiple inflammations and scar
formations, a chronic fibrosis with calcium deposits that lead to a narrow spinal canal, acquired at
that level. As we quoted earlier, the resorption of
the herniated nucleus pulposus is a phenomenon
supposedly demonstrated during intervertebral
disc herniation. The bibliography maintains the
idea that eventually the herniated portion of the
nucleus pulposus is reabsorbed by the immune
system. However, we think that this resolution is
partial, that it takes a long time; meanwhile the
patient is made to undergo pain, disability and
limitations in everyday tasks. Though the whole
process can be partially performed by the organism, it is the ozone which helps the immune system to shorten the periods of time and to improve
the final quality of this pathology repairing. In
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other words, the oxygen-ozone therapy manages to shorten the recovery period and improves
its final quality. In patients with herniated disc
treated with oxygen-ozone therapy, we observe in
the routine MRI in T2 a hydrated white nucleus
pulposus, while in patients with discal protrusion
with constraining ring the ozone therapy does not
resolve the protrusion.
Conclusion
Because of all these observations and the thorough reviewing of the bibliography, for a few years
now, at our health center, we call “herniolisis” the
procedure we perform with oxygen-ozone for the
treatment of disc herniation with hydrate nucleus
pulposus. We believe that the immune system
modulated by the ozone therapy phagocytes the
herniated portion of the nucleus pulposus, restores
the integrity of the annulus fibrosus and puts an
end to inflammation and radicular pain.
Moreover, since few years ago it is known the
role of the IL-17 in the disc herniation. This interleukin is common in degenerative osteoarthritis
process, Chron’s disease and psoriasis, besides disc
herniation. We believe this inflammatory mediator opens the door to a new line of investigation,
since these are possible diseases to be treated with
oxygen-ozone therapy. We need to research which
is the effect of ozone over the expression of lymphocytes Th17 and its product IL-17.
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Background: Low back pain (LBP) is one of the most common and important health
problems affecting the population worldwide and remains mostly unsolved. Ozone therapy
has emerged as an additional treatment method. Questions persist concerning its clinical
efficacy.
Objective: The purpose of our study was to evaluate the therapeutic results of
percutaneous injection of ozone for low back pain secondary to disc herniation.
Study Design: A systematic review and meta-analysis of randomized controlled trials.
Methods: A comprehensive literature search was conducted using all electronic databases
from 1966 through September 2011. The quality of individual articles was assessed based
on the modified Cochrane review criteria for randomized trials and criteria from the
Agency for Healthcare Research and Quality.
Outcome Parameters: The outcome measure was short-term pain relief of at least 6
months or long-term pain relief of more than 6 months.
Results: Eight observational studies were included in the systematic review and 4
randomized trials in the meta-analysis. The indicated level of evidence for long-term pain
relief was II-3 for ozone therapy applied intradiscally and II-1 for ozone therapy applied
paravertebrally. The grading of recommendation was 1C for intradiscal ozone therapy and
1B for paravertebral ozone therapy.
Limitations: The main limitations of this review are the lack of precise diagnosis and the
frequent use of mixed therapeutic agents. The meta-analysis included mainly active-control
trials. No placebo-controlled trial was found.
Conclusions: Ozone therapy appears to yield positive results and low morbidity rates
when applied percutaneously for the treatment of chronic low back pain.
Key words: Low back pain, oxygen-ozone, ozone therapy, chronic pain, failed back
surgery syndrome.
Pain Physician 2012; 15:E115-E129

ow back pain (LBP) is one of the most common and
important clinical, social, economic, and public
health problems affecting the human population
worldwide (1). Around 70% of adults suffer from LBP
at some point in their lifetime with various degrees of

symptom severity. Additionally, 1.6% to 43% of these
patients have LBP associated with sciatic symptoms (2).
In the United States, the incidence of chronic low back
pain ranges from 15% to 45%, with a prevalence of
30% (1). Most back pain has no recognizable cause
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on imaging studies and is usually attributed to muscle
strain or ligament injuries (65%-70%). In 5% to 15%
of cases, the source of LBP is related to degenerative
joints and disc disease (3). The natural history of disk
herniation is favorable; improvement of symptoms is
the norm, and most episodes resolve spontaneously
or after conservative therapy. However, studies have
shown that low back pain is sometimes still present
after long periods of time (at least 12 months) in 37%
to 54% of patients (1,2).
Besides oral pharmacological and rehabilitation
treatments, ozone therapy has emerged as an alternative or additional treatment option for these patients, particularly in Europe (4,5). Despite its widespread use to treat a variety of conditions, ozone
therapy remains unknown to most physicians. Ozone
(O3) is an allotropic form of oxygen, primarily known
for its ecological properties, industrial application
and therapeutic effects. Questions persist concerning
its potential toxicity as an oxidant agent versus its reported clinical efficacy. Several mechanisms of action
have been proposed to explain the efficacy of ozone
therapy including analgesic, anti-inflammatory and
oxidant action on proteoglycans (e.g., in the nucleus
pulposus). Ozone is administered in the form of an
oxygen-ozone gas mixture at nontoxic concentrations
ranging from 1 to 40 µg of ozone per mL of oxygen,
using various percutaneous methods (5).
Percutaneous techniques minimize the invasive
nature of surgery, rendering administration more
straightforward and faster while sparing healthy tissue and avoiding or minimizing complications such as
postsurgical infection (6). Those techniques have been
applied as an adjunct treatment for LBP and used in
association with ozone injections have yielded good
results (4). However, the effectiveness of ozone injections for the treatment of LBP remains a matter of
debate. In order to investigate the effectiveness and
safety of ozone therapy for this specific purpose, the
authors performed a systematic review and metaanalysis of the literature, focusing on observational
studies and randomized controlled trials (RCTs) in patients with subacute or chronic LBP.

1.0 Methodology
The methodology utilized in this work follows the
systematic review process derived from evidence-based
systematic review and meta-analysis of randomized trials (7) and the PRISMA statement (8).

1.1 Inclusion Criteria
1.1.1 Types of Studies
Three review authors screened the abstracts of studies in all languages against the inclusion criteria. They
then retrieved all possibly relevant articles in full text for
comprehensive assessment of the quality and satisfaction of inclusion criteria.
The review focused on randomized trials, systematic
reviews, observational studies, and reports of complications. All studies providing appropriate management
with outcome evaluations at 6 months or longer and statistical evaluations were reviewed. Reports without appropriate diagnosis, nonsystematic reviews, book chapters, and case series with fewer than 10 patients were
excluded from the initial search in the databases.

1.1.2 Types of Participants
Participants were adults aged at least 18 years with
low back pain due to lumbar disc herniation or degenerative disc disease treated by the interventional procedures 2.1.3 below.

1.1.3 Types of Interventions
Interventions were injections of an oxygen-ozone
mixture associated or compared with steroids, and local
anesthetic applied to intradiscal, intramuscular paraspinal, justaforaminal, periganglionic or epidural, guided
by fluoroscopy or tomography.

1.1.4 Types of Outcome Measures
The primary outcome measure was pain relief (short
term < 6 months and long-term > 6 months) in accordance with Staal et al (9).

1.2 Review criteria
The search in the databases was performed independently by 3 authors who selected the articles for
analysis. Each study was evaluated by 3 physicians for
stated criteria and any disagreement was resolved by a
fourth physician. The other author was responsible for
statistical analysis.

1.3 Adverse Events or Side Effects
Adverse effects and complications were analyzed
according to the description of the authors or based on
case reports.

1.4 Search Methods for Study Identification
Searches were performed from the following sources:

E116

16

www.painphysicianjournal.com

www.centauro.it

International Journal of Ozone Therapy 11: 15-30, 2012

Ozone Therapy for Low Back Pain

1. PubMed from 1966
www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed
2. EMBASE from 1980
www.embase.com/
3. Cochrane Library
www.thecochranelibrary.com/view/0/index.html
4. DARE and HTA
Search period included from 1966 through September 2011.

solved by discussion among the 3 review authors; if no
agreement could be reached, it was planned a fourth
author would decide.

1.6 Measurement of Treatment Effect and
Data Synthesis (Meta-analysis)

The search terminology included the terms ozonetherapy, ozone, ozone therapy, chronic low back pain,
back pain, pain, failed back surgery syndrome and
ozonucleolysis.
At least 3 of the review authors independently, in
a standardized manner, performed each search. Accuracy was confirmed by a statistician. All searches were
combined to obtain a unified search strategy. Any disagreements between reviewers were resolved by a third
author and consensus.

The authors used a standardized data extraction
form for independent inclusion of the study population, intervention, study design, and outcome measures
for randomized controlled trials. The meta-analysis was
performed using the Review Manager 5.0 (The Nordic
Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark) with the random-effect model. Dichotomous data were compared using odds ratio (OR).
Respective 95% confidence intervals (CI) were calculated for each estimate and presented in forest plots. The
pooled OR, symbolized by a solid diamond at the bottom of the forest plot (the width of which represents
the 95% CI), is the best estimate of the true (pooled)
outcome. The effect of the treatment was expressed as
a ratio of the ozone therapy arm over the control arm.

1.4.2 Assessment of Methodological Quality

1.7 Analysis of Evidence

The methodological quality assessment was performed by 3 reviewers and any discrepancies were evaluated by a fourth reviewer and consensus was reached.
The quality of each individual article included in
this analysis was assessed by modified Cochrane review
criteria with weighted scores (10) for randomized trials and the Agency for Healthcare Research and Quality
(AHRQ) quality criteria for assessment of observational
studies (11). Only the observational studies scoring at
least 50 on weighted scoring criteria were included for
analysis. Methodological quality assessment criteria are
described in Tables 1 and 2.

Analysis was conducted using 5 levels of evidence,
ranging from Level I to III with 3 subcategories in level
II, as illustrated in Table 1(12).

1.4.1 Search Strategy

1.5 Data Extraction and Management
Three review authors independently extracted the
data from the included studies. Disagreements were re-

1.8 Recommendations
Grading recommendations were based on the criteria stated by Guyatt et al (13) as illustrated in Table 2.

1.9 Outcomes of the Studies
A study was judged positive if the ozone injections
were clinically relevant and effective. Regarding randomized studies, this indicates that the difference in the effect
for the primary outcome measure was statistically significant on the conventional 5% level. In a negative study, no
difference between the studied group and the controls or
no improvement from baseline was reported (9).

Table 1. Levels of evidence based on the Quality data available in the literature (USPSTF).
I:

Evidence obtained from multiple properly conducted diagnostic accuracy studies.

II-1:

Evidence obtained from at least one properly conducted diagnostic accuracy study of adequate size.

II-2:

Evidence obtained from at least one properly designed small diagnostic accuracy study.

II-3:

Evidence obtained from diagnostic studies of uncertainty.

III:

Opinions of respected authorities, based on clinical experience descriptive studies Evidence obtained from case reports or reports of
expert committees.

Adapted and modified from the U.S. Preventive Services Task Force (USPSTF)(12).
www.painphysicianjournal.com
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Table 2. Grading of recommendation

Grade of
Recommendation/
Description

Benefit vs. Risk and
Burdens

Methodological Quality of
Supporting Evidence

Implications

1A/strong
recommendation, high
quality evidence

Benefits clearly outweigh
risk and burdens, or vice
versa

RCTs without important limitations
or overwhelming evidence from
observational studies

Strong recommendation, can apply to most
patients in most circumstances without
reservation

1B/strong
recommendation,
moderate quality
evidence

Benefits clearly outweigh
risk and burdens, or vice
versa

RCTs with important limitations
(inconsistent results,
methodological flaws, indirect, or
imprecise) or exceptionally strong
evidence from observational studies

Strong recommendation, can apply to most
patients in most circumstances without
reservation

1C/strong
recommendation,
low-quality or very lowquality evidence

Benefits clearly outweigh
risk and burdens, or vice
versa

Observational studies or case series

Strong recommendation but may change
when higher quality evidence becomes
available

2A/weak
recommendation, highquality evidence

Benefits closely balanced
With risks and burden

RCTs without important limitations
or overwhelming evidence from
observational studies

Weak recommendation, best action may
differ depending on circumstances or
patients’ or societal values

2B/weak
recommendation,
moderate quality
evidence

Benefits closely balanced
With risks and burden

RCTs with important
limitations (inconsistent results,
methodological flaws, indirect, or
imprecise) or exceptionally strong
evidence from observational studies

Weak recommendation, best action may
differ depending on circumstances or
patients’ or societal values

2C/weak
recommendation,
low-quality or very lowquality evidence

Uncertainty in the estimates
of benefits, risks, and burden;
benefits, risk, and burden may
be closely balanced

Observational studies or case series

Very weak recommendations; other
alternatives may be equally reasonable

Adapted from Guyatt et al. grading strength of recommendations and quality of evidence in clinical guidelines. Report from an American College
of Chest Physicians task force (13).

2.0 Results
Our search strategy yielded multiple studies evaluating the effectiveness of ozone injected into the disc
and/or periforaminal or at the paravertebral muscles.
From the initial search (117 articles) only 35 were reviewed: 30 studies, including 7 randomized trials (1420) and 23 observational studies, and 5 reports of complications (21-25) (Fig. 1).

2.1 Randomized Trials
2.1.1 Methodological Quality Assessment
From the 7 randomized trials, 4 (14-17) met the
established inclusion criteria. Three of them were excluded from the meta-analysis: one utilized colagenase
(19) associated with ozone and steroid; Gautam et al
(20) utilized intradiscal radiofrequency with ozone, and
the other due to methodological issues that would invalidate the meta-analysis (18). The results of the methodological quality assessment of randomized studies
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are illustrated in Table 3. The quality assessment criteria
ranged from 56 to 84 points for evidence synthesis.

2.1.2 Descriptive results of randomized studies
In the randomized series of 306 patients, Bonetti
et al (14) reported that 57.5% of 80 patients in the disc
disease group treated with steroid deemed the clinical
outcome to be excellent, as did 62.8% of 70 patients in
the group with no disc disease after steroid infiltration
(Table 4). Whereas in the ozone therapy group, 74.4%
of 86 patients with disc disease reported complete remission of pain, as did 75.0% of 70 patients with no
disc disease. In this study, differences in favor of O2-O3
treatment were statistically significant in patients with
disc disease but not in those without disc disease. In another randomized study, Gallucci et al (16) observed a
satisfactory success rate with ozone-therapy combined
with intraforaminal and intradiscal steroid and anesthetic injection compared to steroid alone.
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Fig. 1. The flow diagram of randomized trials.

Zambello et al (15) randomized 351 patients with
low back pain for treatment with either ozone or steroid (epidural) and planned a crossover during the follow-up to the other group in case of failure to respond
to treatment after 4 weeks of therapy. The long-term
outcome remained excellent or good in 47.3% of 171
patients treated by epidural steroid injections and in
77.1% of 180 patients treated with O2-O3. Eleven patients in the ozone group were subjected to crossover
to epidural steroid injections whereas 38 patients in
the epidural group were submitted to crossover to the

www.painphysicianjournal.com

ozone group. Only 36.4% of patients in the crossover
group to epidural injection presented excellent/good
remission of pain while 70.8% of patients in the epidural group who were submitted to crossover to ozone
therapy reported an excellent/good outcome.
Recently, Paoloni et al (17) conducted a multicenter,
randomized, double-blind, “simulated therapy”-controlled clinical trial. Thirty-six patients received intramuscular-paravertebral ozone injections whereas 24
received simulated lumbar intramuscular-paravertebral
injections. The simulated injection was administered us-
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Table 3. Randomized trials on the efficacy of ozone therapy for low-back pain.

Criteria

Criterion
weight

Scores for methods criteria
Author/Country/Year
Paoloni
(18)/
Italy/2009

Bonetti
(15)/
Italy/2005

Gallucci
(17)/
Italy/2007

Zambello
(16)/
Italy/2006

Study population
A

Homogeneity

2

2

2

2

2

B

Comparability of relevant baseline
characteristics

5

5

5

5

_

C

Randomization procedure adequate

4

4

-

-

-

D

Drop-outs described for each study group
separately

3

3

-

-

3

E

< 20% loss to follow-up

2

2

-

-

-

< 10% loss to follow-up

2

F

> 50 subjects in the smallest group 8
9

8

8

8

9

> 100 subjects in the smallest group
Interventions
G

Interventions included in protocol and
described

10

10

10

10

10

H

Pragmatic study

5

5

5

5

5

I

Co-interventions avoided

5

5

5

5

5

J

Placebo-controlled

5

-

-

-

-

K

Patients blinded

5

5

5

-

-

L

Outcome measures relevant

10

10

10

10

10

M

Blinded outcome assessments

10

10

10

-

-

N

Follow-up period adequate

5

5

5

5

5

Effect

Data-presentation and analysis
O

Intention-to-treat analysis

5

5

-

-

-

P

Frequencies of most important outcomes
presented for each treatment group.

5

5

5

5

5

84

70

70

56

Total Score

Methodological criteria and scoring adapted from Koes et al (10). Efficacy of epidural steroid for low-back pain and sciatica: A systematic review
of randomized clinical trials.

ing a false needle that pricked the skin without piercing it, applied at the lumbar paraspinal level, followed
by hand-applied pressure on the same site designed to
reproduce the load sensation commonly described after O2-O3 injections. Patients who received ozone had
significant lower pain scores (mean visual analog scale
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[VAS] was 0.66 in the study group and 4.00 in the control group) compared to patients who received simulated therapy. Also, a greater percentage of patients
became pain-free (61% versus 33%, P < 0.01) in the
ozone group. Active ozone therapy was followed by a
statistically significant shorter time on nonsteroidal an-
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Table 4. Results of randomized studies of ozone therapy for low-back pain

Author/
Country/
Year /
Methods/
Type of pain
Bonetti (15),
Italy, 2005,

Participants

Design of study /
Intervention(s) (guided
by CT or fluoroscopy)

306 patients with acute
or chronic low back pain
and sciatic nerve pain
were treated. They were
divided into two groups:
Group with disc disease
(bulging disk, protrusion or
extrusion; n=166); group with
non-disc vertebral disease
(osteophytosis, spondylolysis,
facet joint syndrome; n= 140)
and received ozone or steroid
infiltrations.

The patients were divided
into two groups with their
subgroups: injections were
infiltrated adjacent to neural
foramina or facet joint regions
guided by CT.

Galluci17, Italy, 159 patients with lumbar disc
2007,
herniation and radicular pain.
All patients complained of
RA, DB
pain for at least 8 weeks with
poor clinical improvement
after conservative treatment.
Subacute

The patients were divided
into two groups: all received
intradiscal and intraforaminal
injections of a steroid and
a local anesthetic or ozone
(7mL-28µg/mL).

RA, DB

Chronic

G1=Ozone (7mL-25µg/mL):
With disc disease: n=86
Non-disc disease: n=70
G2= (Steroid):
With disc disease:n=80
Non-disc disease: n=70

G1(n=82) Steroid / local
anesthetic

Outcome(s)

Timing: 1 week, 3and 6
months.
Outcome measures:
(MacNab
Score):
Excellent: pain free and
return to work
Good: Pain relief 50% or
more
Poor: Pain relief 30% or
less.

Timing: 2 weeks, 3 and 6
months;
Outcome measures:
Classified as successful if
the Oswestry Disability
Index was no greater than
20% at follow up and
unsuccessful otherwise.

Result(s)

6 months
(excellent and good)
G1=74.4 % with disc disease
and 75.8% in the non-disc
disease
G2=57.5% with disc disease
and 62.8% in the non-disc
disease

6 months
Successful:
G1=47%
G2=74%
Unsuccessful:
G1=53%
G2=26%

G2(n=77)Steroid / local
anesthetic and ozone
Paoloni18 ,
Italy, 2009,
RA, DB

Acute

60 patients with acute low
back pain and/or radiating
pain of moderate to severe
intensity (VAS ≥ 5) and MRI
evidence of disc protrusion
with or without disc
degeneration in the spinal
segments involved in the pain.

The patients were divided
into two groups:

Timing: 15 and 30 days, 2
weeks, 3 and 6 months.

G1(n=36): Ozone
intramuscular paravertebral
lumbar infiltrations (3/wk for
5 consecutive weeks) of ozone
(20mL - 20µg/mL).

Outcome measures: (at the
end of follow up)
Pain free on VAS score ≤
1, Backill questionnaire,
SF-36, Kellner scores.

G2(n=24): Simulated therapy:
injection using a false needle
that pricked the skin without
piercing it, pressure applied
at the lumbar paravertebral
level.
Zambello16,
Italy, 2006,
RA, DB

351 patients with chronic
irradiating low back pain over
sciatic nerve and failure to
respond to medical treatment
were randomly assigned to
one of two groups.

Chronic

The patients were divided
into two groups:
G1(n=171): Steroid at
intervertebral space
G2(n=180): Ozone into
the paravertebral muscle,
5mL- 20µg/mL)

Timing: 3 weeks and 6
months;
Outcome measures:
Subjective pain scores
(MacNab method
Score).

6 months
Pain-free:
G1=61%
G2=33%
Backill score:
G1=+13.0
G2=+5.6
Kellner and SF-36:
No differences between
groups
MRI findings:
Unchanged
Drug intake:
Decreased
6 months
(excellent or good)
G1=47.3% and 77.1%

G1 = group 1; G2 = group 2; G3 = group 3; G4 = group 4; WK = week; RA = randomized; P = prospective; O = observational; DB = double blinded; B = blinded (patients or evaluator); U = unblended; R = retrospective; CT = tomography; VAS = Visual Analog Scale; MacNab method (excellent and good outcome); MRI/MR (magnetic resonance imaging).
www.painphysicianjournal.com
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ti-inflammatory drugs, as well as a significant improvement on the disability scale in the patient study group
compared to the controls.
The outcome measures of the randomized studies
were VAS (17,20), Backill scores (17) and drug intake(
17), MacNab’s criteria (15,20), and ODI (16,20).

2.2 Observational Studies
2.2.1 Methodological Quality Assessment
A total of 23 observational studies were considered for inclusion (Fig. 1). Only 8 of these met the
methodological quality assessment criteria for inclusion (Table 5) (26-33). The results of the methodological quality assessment showed scores from 50 to 72.
Some observational studies met the inclusion criteria,
but had an insufficient score in the methodological
quality assessment, and thus were only listed in the
references (34-46). Furthermore, some studies were
excluded for other reasons: one compared ozone
therapy with a not well-established treatment (Alanerv) for low back pain (47); and Baabor et al (48)
used another intervention associated with intradiscal
ozone.

2.2.1 Descriptive results of observational studies
Among the observational studies, we observed
heterogeneous groups of patients, different follow-up
periods, and some discrepancy in the computed tomography (CT) or magnetic resonance imaging (MRI) evaluations of morphological criteria (Table 6). Muto et al
published 3 studies between 1998 and 2008 (27,28,29)
using intradiscal injection of an oxygen-ozone mixture
under CT guidance to treat approximately 3,700 patients and reported an 80% success rate at short-term
follow-up (6 months) and a 75% success rate at longterm follow-up (18 months), with no major or minor
side effects.
Oder et al (26) studied 621 patients to determine
associations among the morphology of the disc disease,
patient-specific data, and treatment outcomes. Six hundred twenty-one consecutive patients were subjected
to CT-guided ozonucleolysis in combination with periradicular infiltration by steroids under local anesthesia. Based on the MRI findings of the lumbar spine, the
patients were retrospectively divided into 5 diagnostic
groups: group I consisted of 205 patients (bulging disc);
group II had 185 patients (herniated disc); group III had
66 patients (postoperative patients); group IV had 51
patients (primarily intervertebral osteochondrosis); and
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group V had 114 patients and included other primary
nondiscal changes (intervertebral arthrosis, spinal canal
stenosis and pseudoanterolisthesis). The patients received steroid and an oxygen-ozone mixture into the
disc and periganglionic infiltrations by CT guidance.
Each patient was monitored for a period of 6 months
and documented with the Oswestry Disability Index
(ODI) and VAS. Patients younger than 50 years had significantly better values on the VAS and in ODI scores, 6
months after treatment.
Andreula et al (30) reported a 78.3% success rate
in patients treated with ozone therapy and periganglionic steroid injection compared with a 70.3% rate
in those treated with ozone therapy alone; complications occurred in 2 of 235 patients and consisted of
episodes of impaired sensitivity in the lower limb on
the treated side, which resolved spontaneously within 2 hours. In a series of 45 patients, Buric et al (31)
studied the differences in outcome between intradiscal ozone chemonucleolysis and microdiscectomy in
patients with noncontained lumbar disc herniations;
they documented that 27 patients (90%) in the chemonucleolysis group showed a statistically significant
improvement in pain and function; the same was true
in 14 (93.3%) patients in the microdiscectomy group.
However, 2 patients dropped out of the ozone chemonucleolysis group because of aggravating symptoms
and subsequently underwent surgery.
Das et al (33), in an Indian population cohort
study, evaluated 53 consecutive patients with lumbar
disc herniation. All presented with clinical signs of
lumbar nerve root compression supported by CT and
MRI findings. They were treated with a single session
of intradiscal ozone therapy. Therapeutic outcome
was assessed after 2 years. Pain intensity was significantly reduced following treatment (VAS baseline was
7.58; after 2 years, 2.64). Similar ODI results were seen
(P < 0.05). No major complication was observed in this
case series.
Xu et al (32) included 187 patients with sciatica
and low back pain with positive Lasègue sign and diagnostic verification by CT and MRI exhibited disc protrusion with nerve root or thecal sac compression. They
compared the effectiveness rates after one week (103
cases), 2 weeks (61 cases), and 4 weeks (23 cases) treatment sessions of intradiscal ozone therapy. They were
evaluated by Macnab criteria at 48 months. The effective rate was 82.02% in all groups. However, there were
no significant differences in the total effective rate in
the 3 groups (P = 0.280).
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Table 5 . Methodological assessment of observational studies of ozone therapy

Criteria

1. Study Question

Weighted
Core
Points
2

Author /country/year
Oder
Austria
2008

Muto
Italy
2008

Muto
Italy
2004

Andrula
Italy
2003

Muto
Italy
1998

2

2

2

2

2

Buric
Xu
Austria China
2005
2009
2

2

Das
India
2009
2

Clearly focused and appropriate question

2

2

2

2

2

2

2

2

2

2. Study Population

8

5

5

5

5

5

5

5

5

Description of study population

5

5

5

5

5

5

5

5

5

Sample size justification

3

0

0

0

0

0

0

0

0

3. Comparability of subjects

22

11

11

14

14

14

14

11

14

Specific inclusion/exclusion criteria for all groups

5

5

5

5

5

5

5

5

5

Criteria applied equally to all groups

3

3

3

3

3

3

3

3

3

Comparability of groups at baseline with
regard to disease status and prognostic factors

3

3

0

3

0

3

3

0

3

Study groups comparable to non-participants
with regard to confounding factors

3

0

0

0

0

0

0

0

0

Use of concurrent controls

5

0

0

0

0

0

0

0

0

Comparability of follow up among groups at
each assessment

3

3

3

3

3

3

3

3

3

4. Exposure or Intervention

11

11

11

11

11

11

11

11

11

Clear definition of exposure

5

5

5

5

5

5

5

5

5

Measurement method standard valid and reliable

3

3

3

3

3

3

3

3

3

Exposure measure equally in all study groups

3

3

3

3

3

3

3

3

3

5. Outcome measures

20

10

15

10

15

10

15

12

15

Primary/secondary outcome clearly defined

5

0

5

0

0

5

5

2

5

Outcomes assessed blind to exposure or
intervenient

5

0

0

0

5

0

0

0

0

Method of outcome assessment standard, valid
and reliable

5

5

5

5

5

0

5

5

5

Length of follow-up adequate for question

5

5

5

5

5

5

5

5

5

6. Statistical Analysis

19

17

0

0

0

0

8

7

10

Statistical tests appropriate

5

5

0

0

0

0

5

5

5

Multiple comparisons taken into consideration

3

3

0

0

0

0

3

0

3

Modeling and multivariate techniques appropriate

2

2

0

0

0

0

0

0

2

Power calculation provided

2

2

0

0

0

0

0

0

0

Assessment of confounding

5

5

0

0

0

0

0

0

0

Dose-response assessment appropriate

2

0

0

0

0

0

0

2

0

7. Results

8

8

8

8

5

3

8

8

8

Measure of effect for outcomes and
appropriate measure of precision

5

5

5

5

0

0

5

5

5

Adequacy of follow-up for each study group

3

3

3

3

5

3

3

3

3

8. Discussion

5

5

0

0

0

5

5

3

5

Conclusions supported by results with possible
biases and limitations taken into consideration

5

5

0

0

0

5

5

3

5

9. Funding or Sponsorship

5

5

5

0

0

0

0

0

0

Type and sources of support for study

_

0

0

0

0

0

0

0

0

100

72

52

50

52

50

68

59

70

TOTAL SCORE

West et al. Rating system to measure the strength of evidence, evidence report, technology assessment No. 47 AHQR Publication No. 02-016 (11).
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Table 6 . Results of observational studies of ozone therapy for low-back pain

Result(s)

Author/
Country/year/
Methods/Type
of pain

Participants

Das (33), Índia,
2009
Chronic

53 patients with low back pain due to
lumbar disc prolapsed were included
in this study

Prospective cohort study

Timing: 2 years
Measure
outcome: VAS
and ODI

Xu (32), China,
2009
Chronic

187 patients with diagnostically
confirmed lumbar disc herniation
with sciatica and low back pain

Prospective study
G1: (103) One week session
G2: (61) 2 -week session
G3: (23) 4-week sessions

Timing: 48
Not
mos. Outcome
reported
measures:
MacNab’s criteria

G1:82.52%
G2. 85.24%
G3: 95.65%

Muto (29),
Italy, 2008
R, O
Subacute

In 6 years, 2,900 patients with low
back pain and/or sciatica refractory
to medical management, lasting
at least 2-3 mos. were treated with
ozone and selected on the basis of
clinical, psychological, neurological
and neuroradiological criteria.

Patients divided into 4 groups: all
procedures were carried out with:
ozone (40µg/mL) intradiscal (3 –
4mL) and the foramen (10 mL).
G1 (n=2.650 with soft – disc
herniation; G2 (n=250) had
calcified herniation; G3 (n=350)
had multiple herniation and
G4 (n=200)had FBSS

Timing: 6 and
12 mos.
Outcome
measure:
VAS (-3 pts),
MacNab’s
criteria and
ODI (-30%)

Not
reported

12 mos.
(excellent and
good) VAS:85%
ODI: Significant
reduction
G1=75%
G2 = Not
reported
G3=77%
G4=60%

Oder (26),
Austria, 2008
R, O
Chronic

621 patients with lumbago or
lumboischialgia and degenerative
disease of the lumbar spine whose
symptoms did not improve after
previous conservative procedure

They were retrospectively divided
into 5 diagnosis groups:
G1 (n=205) Bulging disc;
G2 (n=185) herniated disc;
G3 n=66) post-operative patients;
G4 (n=51) ostheocondrosis and
G5 (n114) non-disc disease
(spinal canal stenosis, intervertebral arthrosis and
pseudoanterolisthesis)

Timing:2 and 6
mos.
Measure
outcome: VAS
and ODI

Not
reported

6 mos. (VAS)
All patients
improved:
VAS: 31.8%
ODI: Not
measured

Buric (31),
Italy, 2005
P,O
Subacute

45 patients with acute or sub acute
low back pain unresponsive to
pharmacological treatment

The patients were divided into two
groups
G1(n=30) ozone inside the disc/30
ml – 30µg/ml
G2 (n15) microdiscectomy

Timing: 6, 12
and 18 mos.
Outcome
measures:
VAS, RMDQ,
OPSR. MRI
scans pre and
post- treatment

Not
reported

18 mos.
VAS (rate of
improvement)
G1=90%;
G2=93.3%
RMDQ:
G1=90%
G2=8606%
OPRS:G1 79.3%
G2=82.1%
Morphological
changes: 49%
improved on
MRI scan

Muto (28),
Italy, 2004
R, O
Subacute

2,200 patients with low back pain
and/or sciatica refractory to medical
management, lasting at least 2-3
mos., subjects were treated with
ozone and selected on the basis of
clinical, psychological, neurological
and neuroradiological criteria.

Consecutive patients with
degenerative disease, herniated
disc, multiple disc herniation,
FBSS, calcified disc herniation
and disc associated with spinal
stenosis received ozone (40µg/
mL) intradiscal (3-4 mL) and the
foramen (10 mL).

Timing:6 and
18 mos.
Outcome
measures:
Subjective
MacNab’s
criteria

Not
reported

6 mos.
(excellent and
good)
G1=70.3%
G2= 78.3%
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Design of study/intervention
(s)

Outcome(s)

(guided by CT or fluoroscopy)

Shortterm
(6 mos.)
_

Long-term
(> 6 mos.)
VAS
(improvement of
the 65.17%)
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Table 6 (cont.) . Results of observational studies of ozone therapy for low-back pain

Author/
Country/year/
Methods/Type
of pain

Participants

Design of study/intervention
(s)

Result(s)
Outcome(s)

(guided by CT or fluoroscopy)

Shortterm
(6 mos.)

Long-term
(> 6 mos.)

Andreula (30),
Italy, 1998
P, O,
Subacute

600patients with chronic low back
pain resistant to conservative
treatment, with positive sings
of nerve root involvement, with
or Without hypoesthesia or
paraesthesia, with appropriate
dermatome distribution and CT
or MRI findings in live with the
patient`s clinical Picture

The patients were divided in two
groups:
G1(n= 211 ) ozone Intradiscal/4ml
and periganglionic/8ml- 30µg/ml
G2(n=235) ozone + steroid

Timing 6 mos.
Outcomes
measures:
Subjective
MacNab’s
criteria

Not
reported

6 mos.
(excellent and
good
G1=70.3%
G2=78.3%

Muto (27),
Italy, 1998
P,O
Subacute

93 patients with low back and/or
sciatica, lasting two or more mos.,
were treated with ozone

The patients were divided into
two groups and all received ozone
=15m;30µl/mL intradiscal and
intraforaminal
G1(n35)with neurological deficit
G2(n=58) Without neurological
deficit

Timing: 6 mos.
Measure
outcome
MacNab’s
criteria

6 mos.
(good or
excellent)
G1=
failure
in all
patients
G2=
success in
77.58% of
patients

_

G1 = group 1; G2 = group 2; G3 = group 3; G4 = group 4; RA = randomized; P = prospective; O = observational; DB = double blinded; B = blinded
(patients or evaluator); R = retrospective; FBSS = failed back surgery syndrome; CT = tomography; VAS = Visual Analog Scale; ODI = Oswestry
Disability Index; McGill = McGill questionnaire of pain; MacNab method (excellent and good outcome); RMDQ = Roland-Morris Disability Questionnaire; OPRS = Overall Patient Rating Scale; MRI/MR (magnetic resonance imaging); EMG (electroneuromyography).

The outcome parameters utilized in the observational studies were MacNab criteria (29,32), VAS (
26,31,33), ODI (26,29), Roland-Morris (31), and Overall
Patient Rating Scale (31). Three authors utilized CT/MRI
in their follow-ups (27,28,31) (Table 6).

243 Level of Evidence

2.3 Effectiveness

2.5 Recommendations

Overall, the observational studies revealed positive
results for short- and long-term relief of pain. From the
randomized studies, intervention was found superior to
the control, with OR 2.66 (95% CI, 1.94 to 3.63), and P <
0.00001 as shown in Fig. 2.
These studies evaluated ozone applied at the paravertebral muscle and juxtaforaminal at the herniated
disc level. Three of them compared ozone injections
utilizing an active control group (steroid injections)
(14,15,16). Paoloni et al (17) utilized a sham control
group with a simulated injection that was administered
using a false needle that pricked the skin without piercing it, applied at the lumbar paraspinal level, on the
same site designed to reproduce the load sensation
commonly described after O2-O3 injections.

Based on Guyatt et al (13), grading the strength
of recommendations and quality of evidence in clinical
guidelines, the recomendation is 1C for ozone therapy
applied intradiscally and 1B for ozone applied at the
paravertebral muscles or periforaminally.

www.painphysicianjournal.com

The indicated level of evidence is II-3 for ozone
therapy applied intradiscally and II-1 for ozone therapy
applied paravertebrally on long-term relief in low back
pain secondary to disc herniation (12).

2.6 Complications
Complications secondary to ozone therapy are
rarely documented in the literature. In this review, regarding ozone therapy for low back pain, we encountered predominantly case reports of 5 different types
of complications. Giudice et al (22) reported bilateral
vitreo-retinal hemorrhages following ozone therapy
for lumbar disc herniation. Furthermore, one case of
thunderclap headache after oxygen-ozone therapy
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Fig. 2. Meta-analysis of the randomized trials.

related to pneumoencephalus as a consequence of inadvertent intrathecal puncture was recently published
(24). Ginanneschi et al (23) reported a case of a patient
who experienced paresthesias along the anterolateral
compartment of the left leg and hypoesthesia over the
dorsum of the left foot, suggesting spinal nerve injury
occurring a few minutes after percutaneous intradiscal
infiltration of ozone for L4-L5 disc herniation. In 2004,
Corea et al (21) published a report of vertebrobasilar
stroke during ozone therapy. In 2 of 235 patients, Andreula et al (30) reported episodes of impaired sensitivity in the lower limb on the treated side, which resolved
spontaneously within 2 hours. Fabris et al (34) reported
a subcutaneous hematoma at the puncture site.

3.0 discussion
The present review has added methodological improvements compared to previous review articles; the
search database was wider and covered all languages,
focusing on articles that used ozone alone in at least
one group of patients. Final evidence was separated by
the route of ozone administration. In addition, the authors performed a rigorous selection of RCTs that made
possible a meta-analysis. Steppan at al (29) published a
review in which data was extracted mainly from observational series; one was an unpublished study and one
was a randomized trial on intradiscal ozone injections
for the treatment of pain related to herniated discs.
Although the authors have made a meticulous computation of data and wrote similar conclusions about
the effectiveness and safety of this method, it probably
would not be considered a meta-analysis if it had been
submitted to the present review board.
Regarding the observational studies, 23 were initially selected according to the inclusion criteria, but
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only 8 could be included according to the rigorous
methodological assessment criteria (11). Most studies
lost points in the characterization of the study population because they did not specify the diagnosis. Probably, in future studies the authors should add diagnostic criteria and if needed, diagnostic procedures.
The excluded studies also lack outcome measures and
some of them had poor statistical analysis (which was
absent in some of them). Furthermore, excluded studies
contained heterogeneous populations of patients with
low back pain, including patients with lumbar disc herniation, degenerative disease, acute pain, chronic pain,
and patients with and without a history of operations.
In addition, regarding the analysis of results, in some
studies it was not clear what primary and secondary
outcomes were expected; functional scales were diverse
and in most cases not comparable. Most comparative
studies used statistical analysis to aid the conclusions,
but some of them have unacceptable confusion between normal and non-normal data distribution, resulting in the inappropriate choice of statistical tests.
Furthermore, these studies often do not describe bias
and limitations. Some studies include a large number of
patients, a long period of follow-up and a careful surgical technique, but do not have appropriate design or
statistical analysis (39). Another study did not compare
with a method established in the literature, so it was
excluded (46).
Among the selected RCTs, 3 of them compared
ozone treatment with an active control group (steroid or steroid with local anesthetic) and one study
compared ozone injection with a sham procedure. No
placebo-control study was found among the articles
included in this review. This seems to be a tendency
when treatment-resistant pain is the issue. Currently,
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ethics committees seem to favor studies based in an active controls comparison group. In addition, this makes
patient recruitment faster because patients have a better acceptance when there is no placebo involved. Although this is not a consensus, it seems logical that an
established treatment is probably better than the placebo effect. So, if any new treatment is to be tested, it
could be perfectly compared to an active control group
and in this way the placebo effect would also be overcome. On the other hand, patients tend to think that
new treatments are more efficacious than the established ones because of their novelty. This makes us think
that the novelty usually carries a strong placebo effect.
This controversy still keeps placebo-controlled trials as
the gold standard methodology. However, in the near
future this methodological recommendation will probably be reviewed because practical issues point to more
progressive methodology for active control studies in
pain literature.
Some of the studies have evaluated the morphology of the disc by MRI or CT scan during follow-up. Buric et al (31) evaluated the clinical and morphological
results of patients with disc disease and observed that
15 of the 30 patients showed clinical improvement, performing post operative MRI imaging. Eight of these patients had a substantial reduction of over 50% in herniation volume. Two patients had a volume reduction
of less than 50%, whereas 5 patients had no substantial
variation in herniation volume. Muto et al (27) observed
a reduction in the size of the herniated disc in only 8
cases out of the 45 patients who had improved. In 2004,
Muto et al (28) documented a reduction in herniated
disc size in 63% of cases, confirming persistent satisfactory outcome. Thus, these authors stated that the equation large herniation = major symptoms, small herniation = minor symptoms, does not always hold true. It
seems quite natural to assume that clinical signs and
symptoms of disc herniation are not caused only by mechanical compression but that biochemical factors play
an important role in inflammatory sensitization and
immune response in the epidural environment of the
nerve roots and ganglia. Based on the same reasoning,
it seems logical to presume that mechanical removal of
herniated tissue may not always be needed and that
reducing the inflammatory process could essentially be
sufficient to treat the symptoms. This hypothesis was
partially confirmed by the cited study (49,50). On the
other hand, patients who were clear candidates for surgery had no improvement after ozone therapy. Muto et
al (27) observed treatment failure in all 35 patients pre-
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viously selected for surgery who presented a herniated
or protruded disc with radicular pain associated with
neurological deficit. In the work of Buric (50), 2 patients
dropped out of the ozone therapy group because of aggravating symptoms and were subsequently operated
on. In another observational study (30), among patients
treated with ozone and whose treatment had failed,
outcomes were poor in 25% and poor with recourse
to surgery in 4.7%. Among the patients in the steroid
group and anesthetic injection group, 50 (16.7%) had
poor results and 15 (5%) were referred for surgery.
The majority of the studies reviewed included patients with discogenic disease at one or more levels
between L3 and S1(14-16,26,27,29-31). However, other
series included heterogeneous groups of patients with
other primary nondisc diseases such as canal stenosis,
postsurgical fibrosis (failed back surgery syndrome),
disc protrusion with vertebral instability, facet arthrosis, calcified herniation, intervertebral osteochondrosis,
and pseudoanterolisthesis. In the first group, positive
results were achieved in 75-80% of treated patients. In
patients with a nondisc disease, the rate of sustained
improvement ranged between 44 to 70% in all groups,
independent of the morphological classification of the
spinal disease (26,28,29). This suggests that ozone therapy may have an important role in low back pain relief,
independent of the source of disease.
Ozone is a strong oxidizing agent that quickly reacts and oxidizes the proteoglycans in the nucleus pulposus, which results in a small reduction of disc volume
and subsequently contributes pain relief. The suggested premise is that a small volume reduction results in a
significant decrease in pressure. In addition, it has been
shown to have anti-inflammatory/analgesic and natural antibacterial effects (5,52). Additional discussion of
ozone’s mechanisms of action can be found elsewhere
(51).
Ozone therapy for lumbar disc herniation is a procedure that is considered generally risk-free or as low as
0.1% (48) and has low or no adverse effects at concentrations used for therapeutic application (10-40 µg/mL).
However, in the present review, 6 reports of side effects
related to ozone infusion were found. Similar descriptions of transitory paresthesia suggested transient root
dysfunction, although the mechanisms underlining the
reported sensations are still not clear. Assuming the
presence of microfractures of the annulus fibrosus, one
possibility is that an abrupt, transient pressure spike in
the region of the spinal canal and cerebrospinal fluid
(CSF) pressure after disc infiltration could be related to
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the transient paraesthetic symptoms. A similar mechanism was postulated as the cause of acute bilateral
intraocular hemorrhages after injection of the O2-O3
mixture (22). Concerning the pathophysiology of the
lesion, it could be hypothesized that an abrupt and
transient increase of CSF pressure causes focal damage
by means of mechanical transmission of pressure in the
CSF, manifesting in the form of direct root trauma. The
occurrence of retinal hemorrhages immediately after
rapid injection of air into the subarachnoid space during myelography or after epidural injection of corticosteroids has also been previously described (52,53).
Infection secondary to oxygen-ozone injection
therapy is extremely rare. Recently, Gazzeri et al (25)
reported a case of fatal septicemia secondary to Escherichia coli infection after ozone therapy for lumbar
disc herniation, in which a pyogenic lumbar muscle involvement and septic pulmonary embolism were present. The most likely pathophysiological mechanism in
these cases was probably iatrogenic; that is, the direct
inoculation of the bacteria by injections due to an inadequate asepsis procedure as has occurred in other percutaneous spinal procedures (25,30).

4.0 conclusion
This systematic review and meta-analysis of ozone
therapy for low back pain secondary to herniated disc
indicated the level of evidence is II-3 for ozone therapy applied intradiscally and II-1 for ozone therapy applied at the paravertebral muscle and periforaminally
for long-term pain relief based on USPSTF criteria (12).
The aviable evidence yielded a 1C strength of recommendation (13) for ozone therapy applied into the disc
and 1B for ozone applied at the paravertebral muscles
or periforaminally. The evidence was derived from randomized control trials within this meta-analysis and observational studies. In addition, the low costs of ozone
therapy may account for its wider use in the percutaneous treatment of herniated lumbar discs (54) and other
causes of back pain. Injections can be repeated if necessary and complications or side effects are rare. Therefore, this method may be considered an option to treat
lumbar disc herniation-related low back pain that has
failed to respond to conservative treatment, representing an alternative to surgery. However, future studies
are necessary to demonstrate whether ozone therapy
effects persist over time.
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SUMMARY - De Quervain’s syndrome is a tenosynovitis of the short extensor tendon and of the long
abductor tendond of the first finger of the hand frequently found in our clinical experience. The effectiveness of traditional physical therapies proposed  and cortisone injections must be to verify and even surgery
on a long time does not always adequate results. The injection with oxygen / ozone and hyaluronic acid
are effective in other forms of overload tendinopathy. We want to asses whether the SDQ can be effectively
treated with this therapy.

The De Quervain’s Syndrome
The De Quervain’s syndrome (SDQ), is a tenosynovitis that affects the tendons long abductor
(LAT) and short extensor  (SET) of the first finger
of the hand that slide together in a single sheath
within the channel of the extensors 1. The disease
often occurs in people who perform violent or
highly repetitive movements with the first finger
of the hand. For this is common among musicians,
the tailors, who use a lot the mouse or computer
keyboard and mothers, especially in the last feeding period, when the child becomes heavier; so
that at the time of the description of the disease
by De Quervain, this was known as a disease of
the nannies and embroiderers. The common cause
of SDQ is the edema that surrounds the tendons
which are located in the wrist on the side of thumb.
The irritation causes swelling of tissues around the
tendon thus causing a change volume of the area
or causing a thickening of tendons, and this means
that they cannot slide as they should. The SDQ is
not uncommon to find associated with carpal tunnel syndrome, trigger finger or the rhizoarthrosis.
Diagnosis
The diagnosis of clinical SDQ is mainly consists
in the search of the Finkelstein’s sign 1. This clinical
sign is positive when pain is evoked by flexing the
hand on the ulnar side with the thumb abducted.

The musculoskeletal ultrasound can be used to
show the presence of excess synovial fluid thath
distends the synovial sheath (figure 1) 9,10.
Therapy
The most used remedies are the classical physical therapies (laser, ultrasound and iontophoresis)
that not have proved effectiveness and cortisone
injections, whose effectiveness has not been demonstrated unambiguously and that can cause rupture and infection of the treated tendon 4,5,6. The
oxygen-ozone therapy is widely used as a remedy
for the SDQ and it is a treatment that was effective
in our experience 2,8. Hyaluronic acid is an effective
treatment for other overload tendinopathies 10,11,12
but there is no scientific literature on the subject
Aim of the study
We want to assess if injections with O2/O3 and
HA, already tested for other tendinopathies are a
good way to heal the SDQ.
Materials and methods
To assess whether injections with O2-O3 and AI
are a good way to heal the SDQ 100 patients were
selected. Patients had to have pain for at least
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Figure 1  Example of one of the treated cases where we can observe a severe distension of the sheath due to abundant synovial
effusion.

↑ Figure 2  In the graph the mean value of the pain before and
after the treatment in the analyzed sample is shown.
← Figure 3  Satisfaction of trhe treated patients after 3 weeks.

three months and had already been subjected to
traditional physical therapies, rest and cortisone
injections with no benefit. The diagnosis must have
been carried out with both a clinical evaluation
and with ultrasound examination which was to
detect the presence of a deposit such as to stretch
the sheath of the LAT  and SET. The injections
were performed under ultrasound guidance to be
certain of not going to damage the two tendons
involved. Before 3 ml of O2-O3 were injected and
then  the AI (2 ml  of 8 mg of product). Pain was
assessed with VAS  before therapy and after 3
weeks post-treatment. It was asked, again through a
questionnaire, to express a personal opinion on the
outcome of therapy in which the patient was asked
to evaluate the treatment as very good in case of
total disappearance of symptoms, good in the case
of a persistence of symptoms that not affect normal
daily activities, sufficient in case of persistent symptoms that partially affect normal daily activities
32

and insufficient in case of persistent symptoms that
affect so important to normal daily activities.
Results
The 100 patients  selected were for 68% women,
mean age of 53.3 years and for 32% men with a
mean age of 53.4 years. The initial pain, expressed
with the VAS scale, is a result of 7.9 and the end of
1.9 as shown in figure 2. The patient satisfaction is
showed in the table 1 and in figure 3.
Conclusions
The SDQ is a very frequent   tenosynovitis   in
patients who perform works that involve the continuous use of the first finger of the hand  and the
traditional therapies have not proven unequivocal-
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Table 1 Satisfaction of the treated patients.

Satisfaction

Total

Male

Female

Very Good

18

19

18

Good

56

57

56

Sufficient

16

14

16

Insufficient

10

10

10

Total

100

100

100

ly effective. The O2-O3 and AI injections have been
shown in our first assessment an effective method
to heal the SDQ but an evaluation is required on a

larger sample to propose this treatment on a larger
scale as an alternative to conventional physical
therapies and cortisone injections.
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SUMMARY - Lateral epicondylitis (LE) is a frequent condition of the common extensor tendon of the
wrist, hand and fingers. The existing studies about the corticosteroid injections, the acupunture and phisycal
therapies for the LE don’t show evidence of effectiveness but these remedies are frequently used. The O2-O3
injections (O2O3) are a valid treatment for the LE as well as the injections of hyaluronic acid (HA) in our
experience and according with scientific literature. We want to asses if O2O3 and HA injections together are
a valid alternative to cortisone, acupunture and physical therapies for the treatment of LE.

Lateral epicondylitis (LE) is a common condition of the common extensor tendon of the wrist,
hand and fingers, but relatively little is known
about its etiology and associated risk factors 1,2,3,4.
The diagnosis is quite simple since the patient
reports pain on the epicondylus when efforts are
made or by compressing the point reported as
painful. Ultrasound can be useful to assess the LE 
magnitude and to evaluate the presence of vascular signal and of ossicalcific metaplasias in severe
cases 6. The existing studies about corticosteroid
injections for the LE are not conclusive even this
remedy is frequently used. Many trials were conducted but corticosteroid injections appear to be
relatively safe and seem to be effective only in the
short term (2-6 weeks) 2,3,4. The Acupunture and
physical therapies don’t give good results in the
treatment of the LE  too 5,10. The O2-O3 injections
(O2O3) are a valid treatment for the LE 7 as well as
the infiltration of hyaluronic acid (HA) 9.
Aim of the study
We believe that the use of cortisone injections is
a methodology to be abandoned, and so we want
to evaluate whether the use of the O2-O3 and HA 
may be an effective remedy for epicondylitis.
Material and Methods
50 patients were selected for evaluating the
effectiveness of injections of O2-O3 and HA  to
heal the LE. All the patients had already been sub-

jected to rest, use of orthopedic brace, traditional
physical therapies and cortisone injections with no
benefit. All patients were subjected to ultrasound
exam before being included in the study. In figure 1
it is possible to observe an example of a ultrasound
exam that shows a common extensor tendon with
vascular signal, indicative of overload syndrome.
Before starting treatment was done to complete
a questionnaire which was given the intensity of
pain according to VAS  scale. The treatment was
repeated three times and consisted of a injection
first with the O2-O3 (5 ml at 14-16 µg / ml) and
then with HA (16 mg in 4 ml). The pain was then
assessed by VAS scale again two weeks after stopping treatment.
Results
The 50 patients included in the study were 30
men and 20 women. The average age of the total
sample was 48,7 (±6,1), for the men was 48.7 (±9.3)
and 46.4 (±8.1) for women. The pain before the
treatment of the total sample was 7,6 (±0,9), for
the men 7,6 (±1,2) and 7,5 (±1) for the women. The
pain two weeks after the treatment was 2,1 (±0,7)
for the total sample, 2,2 (±0,9) for the men and 1,9
(±0,7) for the women. All the results are shown in
the table 1 and in the graphics 1 and 2.
Conclusions
The injections with O2O3 and HA  are a valid
method in the treatment of EL with no collateral
35
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Graph 1  Pain before and after the treatment in the total sample.

Figure 1  Example of ultrasound exam of the common extensor
tendon of one of the patients involved in the study.

Graph 2  Pain before and after the treatment in the men and in
the women.

Table 1 Result of the study

Men

Woman

Total

48,7 (±9,3)

46,4 (±8,1)

48 (±6,1)

Pain Before treatment

7,6 (±1,2)

7,5 (±1)

    7,6 (±0,9)

Pain After treatment

2,2 (±0,9)

  1,9 (±0,7)

   2,1(±0,7)

Age

effects and may represent a valid alternative to the
cortisone in the short term. However it must be
conduct a study on a larger sample with statistical
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analysis that demonstrates unequivocally the most
effective treatment with O2O3 and HA  compared
with cortisone.
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SUMMARY - While the biochemical and molecular mechanisms of the ozonated autohemotherapy are
well defined, the use of ozonated saline infusion should be proscribed because it is unreliable.

Introduction
In 1974, Wolff 1 proposed a new medical approach
consisting in mixing in a sterile glass, 500 ml bottle
about 150-200 ml of human blood with an equal
volume of a gas mixture composed of about 95%
oxygen and 5% ozone. After a few minutes of mixing the two phases, the ozonated blood is infused
into the donor patient. This approach remained
empirical for almost three decades because it
remained unclear how ozone acted in blood.
However now, not only we have ozone generators
able to produce precise ozone concentrations in
real time but we know exactly all the mechanisms
of actions of ozone in blood 2,3. Ozone is very soluble in the water of plasma and reacts immediately
with some of the hydrosoluble antioxidants and
with the polyunsaturated fatty acids present in the
albumin molecules. Within a few minutes ozone is
exhausted but generates two fundamental messengers: hydrogen peroxide and 4-hydroxy-nonenal
(4-HNE) among the alkenals. The first has a free
access into all blood cells and activates a number
of important biochemical pathways and the second
binds to either the Cys34 of albumin or to GSH 
forming a fairly stable adduct. After a few minute
of mixing blood with the gas phase, the ozonated
blood is infused into the donor patient and the
alkenal-adducts can enter into a great variety of
the body cells. This second small oxidative stress
is very important because, by activating the Nrf2ARE  pathway, leads to the upregulated synthesis
of several antioxidant proteins, phase-2 enzymes
38

and heme-oxygenase-1 3. In conclusion today by
using minute and precise dosages of ozone ranging from 10-80 μg/ml ozone per ml of blood (or
0.21-1.68 mM ozone) it is possible to reverse the
chronic oxidative stress typical of cardiovascular
and degenerative diseases 2-4. This therapy is able
to block the progression of chronic diseases and
all the pharmacological parameters are now well
defined without any risk of toxic effects. Actually
most of the patients, after a few treatments, report
a feeling of wellness. Administration of antioxidants is insufficient because it does not actively
change the cell response.
Owing to the number of patients and scarce
resources, it is most unfortunate that Russian
physicians have adopted the cheap and quick procedures of infusing ozonated saline. This approach
is unreliable because imprecise and not pharmacologically acceptable by Western Health Authorities.
Saline is bubbled with 2-3 μg/ml ozone, that is safe,
but most uncertain regarding the dosage and with
an effect similar to a placebo. This procedure is
becoming fashionable among  European unscrupulous physicians with uncertain but likely toxic
ozone dosages. Obviously this empirical approach
deeply discredit the aim and validity of scientifically sounded ozonetherapy.
This negative situation can be corrected by the
following method: a 250 ml glass bottle is filled with
50 ml of physiological saline and 100 ml of pure
human albumin (4% concentration). To this “artificial serum” containing 26.6 mg/ml of albumin, 1.0
ml of a diluted solution of Ascorbic Acid (AA) is

V. Bocci
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added as obtained from a commercial ampoule of
AA  (0.1 g/ml) by taking 0.5 ml of it and diluting
and mixing with 10 ml sterile water. The final AA 
concentration in 150 ml is of 33 μg/ml Finally 100 ml
of O2-O3 gas mixture (Ozone dose: 3 mg) are added
and, after one minutes of gentle mixing, the 150
ml solution (final O3 concentration: 20 μg/ml) are

infused with a G22 needle. This procedure allows
the generation of the ozone messengers thus closely
resembling the classical ozonetherapy: this method
has proved to be very beneficial and atoxic in “dry”
macular degeneration women with poor venous
accesses 4. While therapeutic albumin is safe, even
the best screened human serum cannot be used.
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SUMMARY - The rectal administration of ozone is one of the oldest systemic and local forms of application. The biological effects of the Rectal Insufflations of Ozone (RIO3) has been demonstrated extensively
either experimentally or clinically. Furthermore, preclinical studies demonstrated its low toxicity. RIO3 has
been now extended to treat many diseases and is increasingly being used as a systemic therapeutic form.
RIO3 is already being viewed as an alternative to Mayor autohemotherapy (MAH). Using standardized
clinical protocols a therapeutic success can be reached with RIO3. Handling the advantage and disadvantage of RIO3, not as alternative to MAH but used properly (e.g. pediatric, geriatric, when MAH cannot be
performed because i.v. is difficult due to unfavorable vein conditions, etc.), this method is a valid route of
O3/O2 administration.
Introduction
Rectal administration of drugs has been used
since ancient times to produce local effects. In
addition, the rectal route may be used for systemic
administration of drugs 1. The rectal administration
of ozone is one of the oldest systemic and local
forms of application 2-4. Rectal insufflations of ozone
(RIO3) was first proposed by Aubourg (1936) for
treating chronic colitis and fistulae 4. Actually, the
biological effect of RIO3 has been demonstrated
extensively either experimentally 5-7 or clinicaly 8-13.
Furthermore, preclinical studies demonstrated its
low toxicity 6,14. That’s why the application of RIO3
has been now extended to treat many diseases.
Based on animal investigations and a comprehensive proctological study, rectal insufflation with
an O3/O2 gas mixture is increasingly being used as
a systemic therapeutic form, and is already being
viewed as an alternative to Mayor autohemotherapy (MAH). In addition, it is the method of choice
in pediatrics 15.The main disadvantage of RIO3 are
connected with: 1) The variation in doses because
of: possible flatulence, the presence of a more or less
abundant luminal content and the neutralization of
O3/O2 by fecal material produce erratic absorption.
2) Composition, viscosity, pH and surface tension of
rectal fluids have great effects on drug bioavailability. 3) It’s hypnotized that the O3/O2 concentration
used is too high and during prolonged use may be
mutagenic 16. 4) Not well accepted because cultural
patients’ attitudes to rectal drug administration.

However, prelicinical and clinical studies demonstrated that using standardized clinical protocols
a therapeutic success can be reached using RIO3.
Handling the advantage and disadvantage of RIO3,
not as alternative to MAH but used properly (e.g.
pediatric, geriatric, when MAH  cannot be performed because i.v. is difficult due to unfavorable
vein conditions, etc.), this method is a valid route
of O3/O2 administration. The aim of this manuscript was to review the preclinical and clinical
paper whose support the use of RIO3 in clinical
practice and current clinical protocol. In addition
some basic aspect concerning the anatomy and
physiology of the colon were reviewed.
Consideration of the rectum and anus anatomy
and physiology
The large bowel is a closed receptacle, 1-7 m long,
with an ileocaecal valve at its cephalad end, which
prevents reflux, and the dentate line of the anus at
the caudad end 17. While the transverse colon always
has a mesentery, the ascending colon has a mesentery in only 12% of people and the descending
colon has one in 22%. The sigmoid colon also has a
mesentery and is sometimes unusual long (dolicolon) a feature which facilitates torsion or volvulus.
The rectum, totally sheathed in longitudinal muscle
fibres, is continuous with the anal canal, where the
external sphincter of voluntary muscle provides
an additional sheath. The levator ani sling muscle
41
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←  Figure 1  Anatomical aspect of the large bowel, and schematic representation of the rectal ozone application (adapted
from Irving and Catchpole) 18..

Figure 2  A schematic figure showing the thicknesses of the  →
2 mucus gel layers in vivo in different region of the rat gastrointestinal tract (adapted from Atuma et. al.) 36.

acutely angles (at 60°-105° in normal subjects) the
rectoanal junctions forwards, its nerve supply running on its upper aspect and thereby being liable to
damage by inordinate stretching of the muscle, for
example, during childbirth (Figure 1) 18.
The colorectum is lined with columnar epithelium as far as the dentate line in the middle of the
anal canal, where sensitive squamous epithelium
in continuity with that of the perineum takes over.
Submucous anal glands may extend deeply into the
sphincter. The anal canal has a high pressure zone
resulting from tonic contraction of the internal
and external sphincters, which is responsible for
continence. Voluntary contraction can, however,
double this pressure (squeeze pressure). Anorectal
sensation permits discrimination of solids from gas
18
. The pressure induced by rectal insufflation of O3
during therapy also stimulates continence. Patients
should be advised of this fact and will be invited to
control this sensation at least for 5 min.
The rectum is normally empty, and when people
awaken and eat breakfast, enhancing left colonic
motility, faeces enter the rectum, and the person
is called to stool. Sitting on the toilet helps to
straighten out the anorectal angle and faeces enter
the anal canal, to be passed if the passage is not
voluntarily stopped. Further faeces from as far
cephalad as the splenic flexure may be passed, the
42

average daily volume being 150 mL. It is possible
to delay expulsion: the rectum can accommodate
passively adistension of up to 400 mL, maintaining
a low rectal pressure, and faeces may even be propelled back into the sigmoid colon 18,19.
During RIO3, once O3 enter into the rectum the
substrate of reaction will be feces, flatus and mucus.
The main characteristics of those components are:
Mucus Secretions. The mucosa of the large
intestine, like that of the small intestine, has many
crypts of Lieberkühn; however, unlike the small
intestine, there are no villi. The epithelial cells
contain almost no enzymes. Instead, they consist
mainly of mucous cells that secrete only mucus.
The great preponderance of secretion in the large
intestine is mucus. This mucus contains moderate
amounts of bicarbonate ions secreted by a few
non–mucus-secreting epithelial cells. The rate of
secretion of mucus is regulated principally by
direct, tactile stimulation of the epithelial cells lining the large intestine and by local nervous reflexes
to the mucous cells in the crypts of Lieberkühn 18.
Mucus in the large intestine protects the intestinal wall against excoriation, but in addition, it provides an adherent medium for holding fecal matter
together. Furthermore, it protects the intestinal
wall from the great amount of bacterial activity
that takes place inside the feces, and, finally, the
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mucus plus the alkalinity of the secretion (pH  of
8.0 caused by large amounts of sodium bicarbonate) provides a barrier to keep acids formed in
the feces from attacking the intestinal wall 20.
The mucus of the small intestine has only one
layer, whereas the large intestine has a two-layered
mucus where the inner, attached layer has a protective function for the intestine, as it is impermeable to the luminal bacteria 20. The thicknesses of
the 2 mucus gel layers are particularly reinforces
in the colon (Figure 2) 17.
Composition of feces and flatus. The feces normally are about three-fourths water and onefourth solid matter that itself is composed of about
30% dead bacteria, 10% to 20% fat, 10% to 20%
inorganic matter, 2% to 3% protein, and 30%
undigested roughage from the food and dried constituents of digestive juices, such as bile pigment
and sloughed epithelial cells. The brown color of
feces is caused by stercobilin and urobilin, derivatives of bilirubin 18. Short chain fatty acids (acetate,
propionate, butyrate) are metabolic products of
anaerobic bacterial fermentation of dietary fiber
and resistant starch, are also present in the colon
luminal content 21.
The odor is caused principally by products of
bacterial action; these products vary from one person to another, depending on each person’s colonic
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bacterial flora and on the type of food eaten. The
actual odoriferous products include indole, skatole,
mercaptans, and hydrogen sulfide 18,22. Gases produced intraluminally (H2, CO2, and CH4) comprised
approximately 74% of flatus, and rapid CO2 and H2
productions were responsible for high passage rates.
A  positive correlation between flatus H2 and CO2
suggested that CO2, like H2, mainly was a bacterial
product. Whereas methanogens and H2S-producing
bacteria usually are mutually exclusive in feces,
CH4 and H2S did not negatively correlate, indicating coexistence of both organisms in the colon 23.
The dose of O3 applied directly in the rectum
during RIO3, is evidently reduced in different
proportions because it’s reaction with the luminal
content (flatus, feces and mucus). To by past this
effect, the German School of ozonetherapy assume
empirically a tree fold increment in the rectal dose
compared to the same dose administered by the
MAH. For example, for a dose of 1.5 mg (30 µg / mL 
/ 50 mL) by autohemotherapy, the corresponding
rectal dose will be 4.5 mg (22.5 µg / mL / 200 mL) 15.
Blood vessels from the lower part of the rectum connect with the inferior vena cava instead
of merging into the portal vein. The rectal tissues
are drained by the inferior, middle and superior
haemorrhoidal veins, but only the superior vein
connects with the hepatic-portal system (Figure
43
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Table 1 Some preclinical studies using rectal administration of ozone.

Animal model
of

Animal
Specie

Dose
mg/kg

O3 concentration
Results
(µg) / [volume (mL)] (in brief)
/ (No. Sessions)

Reference

Hepato cellular
damage

Rats

1.0

50 [ 4.4-5 ] (15)

Hepato protection

León F, et al.
1998 37.

Renal
ischaemia

Rats

0.5

50 [ 2.5-2.6 ] (15)

Reduce renal damage

Barber E. et al.
1999 38.

Hepatic
ischemiareperfusion

Rats

1.0

50 [ 4.4-5 ] (10)

Protective effect

Peralta C. et al.
1999 39.

STZ-induced
diabetes

Rats

1.1

50 [ 5-5.5 ] (10)

Reduces markers
of oxidative
and endothelial damage

Al-Dalain S.M. et al.
2001 40.

Hepatocellular
damage

Rats

1.0

50 [ 4.4-5 ] (15)

Prevent anaerobic
glycolysis and oxidative
stress induced by CCl4.

Candelario-Jalil E. et al.
2001 41.

Hepatic
ischaemiareperfusion

Rats

1.0

50 [ 5-5.5 ] (15)

Similar mechanisms of
protection of ischaemic
and ozone oxidative
Preconditionings

Ajamieh H.H. et al.
2002 42.

Hepatic
ischaemiareperfusion

Rats

1.0

50 [ 5-5.5 ] (15)

Hepato
protection

Ajamieh H.H. et al.
2004 43.

Acute
nephrotoxicity

Rats

0.36 a
1.1
1.8

10 [ 9 ] (5)
30 [ 9 ] (5)
50 [ 9 ] (5)

Renal protection

González R. et al.
2004 7.

Cisplatinnephrotoxicity

Rats

0.36/0.72/
1.1/1.8/
2.5

20/30/50/70 [9](15)

Renal protection

Borrego A. et al.
2004 44.

Hepatic
ischaemiareperfusion

Rats

1.0

50 [ 5-5.5 ] (15)

Protein synthesis is
involved in the
protective mechanisms

Ajamieh H.H. et al.
2005 45.

STZ-induced
diabetes

Rats

1.1

50 [ 5-5.5 ] (10)

Preserved b-cells
functions and reduced
hyperglycemia

Martínez-Sánchez et al.
2005 46.

Chronic renal
failure

Rats

0.5

50 [ 2.5-2.6 ] (15)

Renal protection

Calunga et al. 2005 47.

Cisplatinnephrotoxicity

Rats

1.1

50 [ 2.5-2.6 ] (15)

Renal protection

Borrego A. et al.
2006 48.

Hepato cellular
damage

Dogs

1.9-2.4

20 [ 97-121 ](15) e

Hepato
protection

Li-Jie L. et al. 2007 49.

Parkinson

Rats

0.7

25 [ 5 ] (20)

Neuro protection

Re L. et al. 2008 50.

Red blood cell
rheology

Rabbits

1.5-0.94

20 [ 150 ] (15/21/36)

Improvement

Artis et al. 2010 5.

Redox status

Rabbits

11
34
79

600 [ 30 ] (90)
1400 [ 40 ] (90)
2600 [ 50 ] (90)

Improvement

Guanche et al. 2010 6.

Arthritis

Rats

0.5/0.7 /1.0 c

40-60 [ 5-6 ] (15)

Improvement

Mawsouf N. et al.
2011 51.

Renal
ischaemiareperfusion

Rats

0.5

ND [ND] (10) d

Protective effect in
Fernández Iglesias A, et al.
preserving renal
2011 52.
function and morphology

Endotoxic
shock

Mice

0.2
0.4

(5)

Inhibits TNF-alpha
production

b

Zamora Z.B. et al.
2004 25.

Legend: a Tree groups with different doses; b tree groups with the same dose but different follow-up times (tree times schedules); c one group with
progressive dose increment; d post ischemia reperfusion treatment; e one treatment every other day for 30 days. ND, non-defined.
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Table 2 Selection of some clinical studies using rectal administration of ozone.

Diseases

No.
Sample

Dose
mg

O3 concentration
(µg) / [volume (mL)]
/ (No. Sessions)

Result

Reference

AIDS diarrhea

5

2.7-30

ND (21-28)

Effective

Carpendale M.T. et al.
1993 53.

Arteriosclerosis
obliterans

18

ND

ND

Improvement

Romero Valdés A.
1993 8.

Asthma

37

10

50 [ 200 ] (20)

Improvement

Hernández Rosales F.A.
et al. 2005 10.

Type 2 diabetes

52

10

50 [ 200 ] (20)

Improvement

Martínez-Sánchez et al.
2005 9.

Hypertensive
15
Pregnant Women

3-12

20-40 [ 150-300 ] (21)

Improve the umbilical flow Tanbouli T. et al. 2009 54.
indices and reduce
antihypertensive therapy

Coronary Artery
Disease

40

10

50 [ 200 ] (20)

Improvement

Delgado-Roche et al.
2011 55.

Retinitis
Pigmentosa

56

8

40 [ 200 ] (20) a

Improvement and increasing
their quality of life.

Copello M. and
Menendez S. 2011 24.

Cerebral
disorders

43

ND

15-25 [ 15-120 ] (20) b

Improvement

Diaz E. et al. 2011 56.

Pulmonary
emphysema

20

6

30 [ 200 ] (20) c

Improvement

Calunga F. J.L. et al.
2011 13.

Portal vein
oxygenation
in liver cirrhosis

15

12

40 [ 300 ] 12

Improve portal vein
oxygenation

Zaky S. et al. 2011 12.

Coronary
artery disease

26

8

40 [ 200 ] (20)

Improved prothrombin time, Martínez-Sánchez et al.
without modify bleeding time 2012 57.

Legend: a treated twice a year during 20 years. b treated every 3 months for one year, ozone volume depend of the age (1 year 15-20 mL; 1-3 years,
20-35 mL; 4-10 years, 40-75 mL; 11-15 years, 75-120 mL). c treated every 3 months for six months. ND, non-defined.

1). Medicaments absorbed in the lower part of the
rectum are delivered directly into the systemic circulation, thus avoiding any first-pass metabolism 1.
Evidence of the effectiveness and toxicity of rectal insufflation of ozone
Most of the preclinical model used to study the
pharmacological effects of ozone therapy used
the rectal way because it’s applicability in experimental conditions. Selected examples are shown
in Table 1. Dose ranges from 0.2 to 79 mg/kg b.w.
were used. All case referred a positive pharmacological effect without side effects. The O3 concentration was in general between 10 µg – 50 µg,
with exception of highest dose in one experiment
6
. Tissue protections by a mechanism mediated by
the synthesis of proteins (essentially antioxidant
enzymes) was the main pharmacological effect
finding in animal models.
Clinical trials using RIO3 demonstrate its therapeutic effectiveness in different pathological conditions (Table 2). In all case it was reported no

side effects, even in one of the longer clinical
trials (patients was followed by 20 years) 24 no
side effects was founded. Preclinical or clinical
studies that compare the effect of RIO3 to other
administration ways, found controversial results,
for example:
In a shock septic model in mice, pretreatment
with O2/O3 was administered intraperitoneally
(i.p.) (0.2 mg/kg, 0.4 mg/kg and 1.2 mg/kg) or by
rectal application (0.2 mg/kg and 0.4 mg/kg) once
daily during five days before lipopolysaccaride
(LPS) (0.1 mg/kg, intraperitoneal). One hour after
LPS injection, a significant increase of TNF-alpha
in mouse serum was observed. Statistically significant decreases in TNF-alpha levels after LPS injection were observed either with ozone i.p. applications at 0.2 mg/kg (78%), 0.4 mg/kg (98.5%) and
1.2 mg/kg (98.6%) mg/kg or by rectal application
at 0.2 mg/kg (46.2%) and 0.4 mg/kg (97.4%) 25. In
this model i.p. and rectal way dose 0.4 mg/kg were
bio-equivalent in reduction of TNF-alpha.
In a clinical study in asthma patients using MAH 
or RIO3 the lung function and symptoms test were
markedly improved. However, in all parameters
45
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the best response was obtained in the order: MAH 
at 8 mg better than MAH at 4 mg better than RIO3
at 10 mg 10.
In a clinical trial in non-diabetic patients with
obliterant atherosclerosis, stadium II, (intermittent
claudication) there was a significant improvement
in comparison to the control group (conventional
medical treatment). The improvement was independent of the administration routes (RIO3, MAH,
i.m.) 8.
Probably a correspondence between the dose
used in MAH  and RIO3 will be reached using
standard protocol during RIO3, that minimised the
reduction in the real O3 dose as a result of it reaction of with the luminal content. We should take
into consideration that the dose used by MAH  is
also subjected to modification subject by subject.
This happen as a result of the different content of
antioxidant levels in serum.
In most of the preclinical assays there were not
observed adverse effect during rectal application
of ozone. Not even in a study that use 2600 µg (dose
79 mg/kg) repeated in 90 sessions was found any
damage associated to the treatment 6. The in vivo
genotoxic effect of O3/O2 was studied in leukocytes
and exfoliated colorectal cells of rats using the
Comet assay (single cell gel electrophoresis assay,
SCGE). O3 final dose 42 mg/kg b.w. (525 µg) was
applied during 4 days by RIO3 simulating human
RIO3. The genotoxic effect of O3 was measured in
exfoliated colorectal cells at 24, 48 and 72 h and in
leukocytes at 0, 2, 6, 24, 48 and 72 h after the last
exposure to O3. As a result, a significant increase of
the primary DNA damage was observed in exfoliated colorectal cells as well as in the peripheral
blood leukocytes. The highest values of DNA damage were observed at 48 h and 24 h after the last
exposure to O3/O2 mix in exfoliated colorectal cells
and in leukocytes respectively. However, after 72 h
of the last exposure a significant decrease of DNA 
damage was observed in both cell types, indicating
an evident recovery of the DNA primary damage
induced by the treatment 14.
There are several reactive intermediaries of O3
that could cause primary DNA  damage to leukocytes; some of them are H2O2, aldehydes and
other inorganic and organic peroxides 26. These
reactive intermediaries have different diffusion
rates according their liposolubility and molecular
dimensions 27. Stated that H2O2 is the reactive oxygen specie that more easily cross cell membranes.
This ability could make H2O2 the most probable
candidate of the observed early effect of O3 in
lymphocytes. Another group of O3 intermediaries
that could be related to this are long chain aldehydes, such as hexanal, heptanal and nonenal 28,29.
Their diffusion rates are slower than that of H2O2,
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precisely because they have to overcome the
energetic barrier, imposed by their liposolubility,
in order to leave membranes and diffuse into the
cytosolic environment. Little is known about the
diffusion properties of the other O3 intermediaries
(ozonides, lipoperoxides) in biological systems, but
their reactivity and liposolubility might determine
a diffusion rate slower 30. The decrease of Comet
lengths 48-72 h O3 after treatment could be a result
of the tissue recovery by cell death, cell turnover
and DNA  repair. It has been reported that the
repair of single DNA strand breaks caused by oxidative damage, occurs in a few minutes, while repair
of double DNA strand breaks may take up to 1 h 31.
When leukocytes and colorectal cells DNA damage is compared, it is observed that DNA damage is
higher in leukocytes than in colorectal cells 14. This
unexpected result can be due to the fact that colorectal cells are directly exposed to O3 and might,
therefore, display higher levels of DNA  damage.
The most probable explanation is that colorectal mucous epithelium, particularly the goblet
cells, produces mucin providing a defence mechanism against toxic bio-products of metabolism,
pathogenic micro-organisms and xenobiotics 14,18.
RIO3 is used for the treatment of colitis 32.
However, a study that examine the effect of ozonized water (20 µg/mL) enema on normal and
inflamed rat colonic mucosa shown that O3 therapy
caused no macroscopic damage. Nevertheless, O3
therapy induced microscopic colitis, which lasted
for at least a week and was accompanied by increase
in segmental weight, myeloperoxidase and nitric
oxide activity, and prostaglandin E2 generation. In
addition, O3 therapy had no protective effect on
inflamed mucosa. This study suggesting that ozone
water therapy had a deleterious effect on normal
colonic mucosa 33. In contrast, a study in rabbits,
using Ozone 2600 µg (dose 79 mg/kg) repeated in
90 sessions was found that O3 did not cause adverse
effects and did not show significant changes relative to tissue damages and they increased enzymes
activities belonging to the first line antioxidant
defenses. These results demonstrate that ozone/
oxygen mixture administered by rectal insufflations is innocuous and it is able to increase the
antioxidant defense of the organism. In addition,
most of the long term clinical studied did not found
any collateral effects after RIO3 application 24.
Procedure for rectal insufflation of ozone
RIO3 is a method of ozone therapy second only
to MAH 15. RIO3 should be done following right
steps in order to guaranty the maximal efficacy of
the procedure.
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Preparation
Before administering rectal medicine, the door
to the room should be closed to assure patient
privacy. The patient should be encouraged to
empty his or her bladder and bowels before the
procedure. After removing lower garments and
underwear, the patient should be positioned in bed
on his or her left side, with the top knee bent and
pulled slightly upward, lifting the upper buttocks
will enable visualization of his or her rectal opening. A waterproof pad should be placed under the
patient’s hips to protect the bedding, and a sheet
should be draped over the patient to cover all of
his or her body except the buttocks.
After placing a bedpan within quick access, the
nurse should explain the procedure to the patient.
This explanation should include the importance of
breathing slowly through the mouth to enhance
relaxation of the rectal sphincter and to avoid
oppositional pressure. The patient should be made
aware that there may be an urge to push the medicine out, but that he or she should try to hold it for
at least 10 - 15 min after instillation, as most rectal
medications need time to be absorbed.
The nurse should wash his or her hands and put
on gloves. The foil wrap should be removed from
the rectal catheter. External lotions, ointments or
creams can be applied directly, using a gloved finger
or a 4×4 gauze pad. Prior to administering the tip of
the catheter, or applicator should be lubricated with
a water-soluble lubricant. To insert a rectal catheter,
the lubricated, tapered end of the catheter should
be placed at the rectal opening and gently pushed
into the rectum. The catheter should be pushed
continually toward the umbilicus until the full
length of the nurse’s gloved index finger has been
inserted into the rectal opening (i.e., about 3 inches,
or 7.5 cm, for an adult patient). When inserting a
rectal catheter into children, the catheter should
be pushed about 1 inch (2.5 cm) beyond the rectal
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opening, or up to the first knuckle of the nurses’s
index finger. When inserting a rectal catheter into
infants, the little finger should be inserted one-half
inch (1.25 cm) beyond the rectal opening. The buttocks should be released and the finger removed.
Volume and Concentration
A  good starting point for most first time users
is 100 mL (assuming the concentration is between
10 – 20 µg/mL). Volume and concentration will
be adjusted progressively depend of the redox
status and the particular pathology of the patient.
However, concentration superior to 40 µg/mL and
volumes higher than 300 mL are not recommended 34. The concentration usually chosen for therapeutic effect from rectal insufflation is between 10
– 30 µg/mL. This concentration may be higher (up
to 60 µg/mL) for treating bleeding or acute colitis,
bacterial, or parasitic infections.
The volume of gas used is extremely important
as well. Performing rectal insufflation is somewhat
like blowing up a balloon. Too much gas could
cause damage to the intestinal tract. Furthermore,
increasing, or decreasing the volume of gas used
will change the overall dose of ozone. For example,
if the concentration used then is 20 µg/mL, and volume of gas 100 mL the dose correspond to 2 mg of
O3. For detail about the recommended dose see the
Madrid Declaration on ozone therapy 35.
If the concentration used causes irritation or discomfort consider lowering the concentration used
or discontinuing treatment until irritation subsides.
In most case a cycle of 15-20 RIO3 was practice
with a rest time of 3 months, or adjusted depends
on the pathology 34.
In summary, RIO3 is a valid therapeutic choice
in ozone therapy. Pre-clinical and clinical studies
demonstrated that using standardized clinical protocols a therapeutic success can be reached.
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First formulated in 2002 - Revised in Febraury, 2011

The International Journal of Ozone Therapy (IJOT) is a clinical practice
journal documenting the current state of ozone therapy practice worldwide.
IJOT publishes original clinical observations, descriptions of new techniques
or procedures, case reports, and articles on the ethical and social aspects of
related health care. Submissions suitable for the Journal include observational studies, clinical trials, epidemiological work, reports on health services
and outcomes, and advances in applied (translational) and/or basic research.
The instructions for submission of articles to IJOT follow the
Uniform Requirements for Manuscripts Submitted to Biomedical
Journals of the International Committee of Medical Journal editors (ICMJE, http://www.icmje.org), if not otherwise indicated below.
Research and Publication Ethics
For the policies on research and publication ethics not stated in
these instructions, the Guidelines on Good Publication Practice issued by the Committee on Publication Ethics should be applied.
1. Author responsibility for originality: Each author acknowledges responsibility for the integrity of the manuscript, assures the originality of the paper,
and guarantees that submitted manuscripts do not contain previously published material and are not under consideration for publication elsewhere. If
the submitted manuscript builds on or includes parts of previously published
articles, authors are encouraged to enclose copies of the articles with the
new submission. The Editor reserves the right to request the original data
obtained in the investigation.
2. Registration of clinical trial research: Any research that includes clinical
trials should be registered with the primary national clinical trial registration authority accredited by WHO  (http://www.who.int/ictrp/network/primary/en/index.html) or ICMJE.
3. Disclosure statement: This is not intended to prevent authors with potential conflicts of interest from contributing to IJOT. Rather, the Journal
will place on record any relationship that may exist with disclosed, or
competing, products or firms. Disclosed information will be held in confidence during the review process and the Editors will examine any printed
disclosure accompanying a published article. Authors are responsible for
notifying the Journal of financial arrangements including, but not limited
to, agreements for research support including provision of equipment or
materials, membership of speaker bureaus, consulting fees, or ownership
interests. It is important that disclosure statements be updated promptly
to reflect any new relationships that arise after initial submission of the
manuscript. If the study is supported by a commercial sponsor, the authors
must document the input of the sponsoring agency in study design, data
collection, analysis of results, interpretation of data, and report writing.
It is important to specify whether the sponsors could have suppressed or
influenced publication if the results were negative or detrimental to the
product they produce. Authors should also state if the company was involved in the original study design, the collection and monitoring of data,
analysis and/or interpretation, and/or the writing and approval of the report.
4. Statement of human and animal rights: Manuscripts involving examination of volunteers and patients must include a statement that the study
protocol has been approved by an institutional review board (IRB)
and that the subjects gave informed consent, thus meeting the standards of the Declaration of Helsinki (revised version) developed by the
World Medical Association as a statement of ethical principles for medical research involving human subjects, including research on identifiable human material and data (http://www.wma.net). With animal subjects, research should be performed based on a National or Institutional
Guide for the Care and Use of Laboratory Animals, and ethical treatFor information:
Centauro s.r.l.
Via del Pratello, 8 - I-40122 Bologna
Tel: ..39/051/227634 - Fax: ..39/051/220099
e-mail: serena.preti@centauro.it
www.centauro.it
SINGLE ISSUE (only digital version): Euro 30,00
Reg. Trib. di Bologna n. 7159 del 20-09-2001

ment of all experimental animals is expected throughout all experiments.
5. Duplicate/Redundant publication: IJOT only accepts manuscripts describing original research. The editorial office of the IJOT does not accept
duplicate submission or redundant publication. Redundant (or duplicate)
publication is publication of a paper that overlaps substantially with a paper
already published in print or electronic media as defined by the updated
ICMJE guidelines that cover allegations of scientific misconduct. When submitting a paper, authors should make a full statement to the Editor on all
submissions and previous reports that might be regarded as redundant publication of the same or similar work. If authors believe that their manuscript
may be considered redundant, they should address this issue in a letter to
the Editor accompanying the submission. The authors should also explain
in the letter how their report overlaps already published material, or how
it differs. Copies of such published material should be included with the
submitted paper to help the Editor examine the possibility of redundant
publication. If redundant publication is attempted without such notification,
authors should expect editorial action to be taken. At the very least, rejection of the manuscript may be expected.
6. Authorship: The Editor considers authorship to belong to those persons
who accept intellectual and public responsibility for the statements made
and results reported. By submitting a manuscript for publication, each author acknowledges having made a substantial contribution to the concept
and design of the study, the analysis and interpretation of the results, and
the writing of the paper, in addition to having approved the final submitted
version. Authorship should not be attributed to Departmental Chairs not
directly involved in the study, to physicians or technicians who provided
routine services, or to technical advisors. A  group study should carry the
group name and reference contributing authors in the Acknowledgments.

the reader’s interest. – To be informative enough to prepare readers to
understand your paper. – Content and Organization: 1. Common ground
➜ Context ➜ Relevant background ➜ Orients the reader. 2. Disruption
➜ Problem ➜ Gap in Knowledge, Question ➜ Motivates the reader. 3.
Resolution ➜ Response ➜ Promise of an answer ➜ Makes a contract with
the reader. 1. Common Ground: States the consensus, shared understanding,
common ground in the field, what’s know and not known. Gives the reader
context and provides relevant background information, not a literature review. 2. Disruption: States the problem/the question that the paper addresses.
Conveys the significance, i.e. the cost of leaving problem unsolved, or the
benefit of solving it. 3. Resolution: Implicitly promises that you will present
your answer in the Results and Discussion. Try not to state the answer; that
has the effect of closing off the paper rather than leading into it. When drafting: Although the Introduction unfolds in the above order, 1-2-3, when you’re
drafting, write it in a 3-2-1 order. By writing the Introduction in this order,
you are sure to work through and clearly set up your main point, the question that it answers, and to include only relevant background information.
When revising: “The key is to think like a reader -- readers expect and need
a sense of structure. Since readers read each sentence in light of how they
see it contributing to the whole, when you revise it makes sense to diagnose
first the largest elements of the paper, then focus on the coherence of your
paragraphs, the clarity of your sentences, and only last on matters of spelling
and punctuation. Of course, in reality, no one revises so neatly; all of us revise
as we go. But, it is useful to keep in mind that when you revise from the top
down, from global structure to sections to paragraphs to sentences to words,
you are more likely to discover useful revisions than if you start at the bottom
with words and sentences and work up”. Booth WC, Colomb GG, Williams
JM, et al. The Craft of Research. Chicago: University of Chicago Press; 2008.

Peer Review Process
Papers are accepted on the understanding that they are subject to peer
review, editorial revision, and, in some cases, comment by the Editor.
Manuscripts are examined by independent peer reviewers. Articles and
other material published in the Journal represent the opinions of the authors and should not be construed to reflect the opinions of the publisher.

Original research should be organized in the customary format, as described
below. The text of the manuscript should be submitted as a single document
with the following sections (in order):
1. Author Information Page (First page) - Full title of the article, authors’
names, highest academic degree earned by each author, authors’ affiliations,
name and complete address for correspondence, address for reprints if different from address for correspondence, fax number, telephone number, and
e-mail address.
2. Acknowledgments and Funding Page (Second page) - The
Acknowledgments section lists all funding sources for the research of the
study, and details substantive contributions of individuals. The authors must
reveal all possible Conflicts of Interest/Disclosures.
3. Title Page (Third page) - The full title, itemized list of the number of tables, the number and types (color or black-and-white) of figures, and threeto-five key words for use as indexing terms should be included. Appropriate
key words should be selected from the Medical Subject Heading. The word
count of the text should be specified.
4. Summary - A summary of up to 250 words should summarize the problems presented and describe the studies undertaken, results and conclusions.
Since the abstract must be explicative, the abbreviations must be reduced to
a minimum and explained. References should not be cited in the abstract.
5. Text - Typical main headings include Introduction, Materials and Methods,
Results, Discussion, and Conclusions. Abbreviations must be defined at first
mention in the text, tables and figures. The complete names and short addresses of manufacturers of any equipment used in Materials and Methods
must be supplied. If animals are used in experiments, state the species, the
strain, the number of animals used, and any other pertinent descriptive characteristics. If human subjects or patients are employed, provide a table with
relevant characteristics. When describing surgical or neurointerventional procedures on animals, identify the pre-anesthetic and anesthetic agents used,
and state the amount or concentration and the route and frequency of administration of each agent. Generic names of drugs must be given. Manuscripts
that describe studies on humans must indicate that the study was approved
by an Institutional Review Committee and that all subjects gave informed
consent. Reports of studies on both animals and humans must indicate that
all procedures followed were in accordance with institutional guidelines.
6. References - Citations should be listed in order of appearance in the text,
and between square brackets [ ]. References must be listed at the end of the
text in the order of citation. Journal titles should be abbreviated according to
Index Medicus. For citation rules not specified here, authors should refer to
the NLM Style Guide for Authors, Editors, and Publishers (http://www.nlm.
nih.gov/citingmedicine). All references must be checked by the author(s).
Journal article: Laredo JD, Bard M. Thoracic spine: percutaneous trephine
biopsy. Radiology. 1986; 160: 485-489.
Journal article if the number of authors is more than three: list the first three
authors followed by et al.
Geibprasert S, Krings T, Pereira V, et al. Clinical characteristics of dural arteriovenous shunts in 446 patients of three different ethnicities. Intervent
Neuroradiol. 2009; 15: 395-400.
Entire book: Valavanis A. Medical radiology: interventional neuroradiology.
Heidelberg: Springer Verlag; 1993.
Part of book if number of authors is more than two:
Bonneville JF, Clarisse J, et al. Radiologie interventionnelle. In: Manelfe C 
ed. Imagerie du rachis et de la moelle. Paris: Vigot Editeur; 1989. p. 761-776.
7. Tables - Each table must be typed on a separate sheet and double-spaced,
if possible. Tables should be numbered using the Arabic system, followed by
a brief informative title. Use type of the same font and size as employed in
the text. Include footnotes at the bottom of each table. Tables must be numbered in the order cited in the text. Tables should not duplicate data given
in the text or figures.

Language
The official language of IJOT is English. Most papers in IJOT have been
written by non-native English speakers, and they will also be read by many
non-native speakers. For the purposes of clarity, it is strongly recommended
that authors not fluent in English have their manuscript professionally edited for English usage prior to submission. A  professional editor will improve the English to ensure that author meaning is clear and to identify
problems that require author review. Authors are invited to contact the
IJOT language editor Anne Collins (collins@iol.it) for referral to professional English language editing services. Authors should make contact
with and arrange payment to their chosen editing service directly. Please
note that the use of such a service is at the author’s own expense and risk
and does not guarantee that the article will be accepted for publication.
Centauro Publishers does not receive any commission or other benefit from
editing services. Accordingly, Centauro Publishers neither endorses nor accepts any responsibility or liability for such editing services.
Copyright and Purchase of Offprints
All articles published in IJOT are protected by copyright, which embraces
the exclusive right to reproduce and distribute the article (e.g., as offprints),
as well as all translation rights. No material published in the Journal may be
reproduced without written permission from the publisher. IJOT offers authors a complimentary hard copy and .pdf file of the issue in which their article
is published, for personal use. To purchase offprints of articles published by
IJOT please contact Centauro Srl for a quotation at serena.preti@centauro.it.
Publication Types
Original Research Articles are full-length research papers, which are favored
by IJOT. Articles cover topics relevant to clinical studies, and may include
both basic and experimental work.
Review Articles are comprehensive, state-of-the-art papers focusing on important clinical problems and should address a specific topic in a scholarly
manner. Such articles may be invited by the Editor or may be unsolicited
reviews.
Case Reports/Technical Notes should be unusually educational and medically important. Although IJOT preferentially encourages submission of
full-length Original Research Articles, the Journal will consider publication
of a limited number of concise Case Reports and Technical Notes.
Editorials are usually invited by the Editor.
Editorial Comments are specific comments on the articles published in
IJOT and are usually invited by the Editor.
Letters to the Editor contain constructive comments or criticism of a specific
paper published by IJOT. Letters dealing with subjects of general interest
within the field of IJOT, or personal opinions on a specific subject within
the ambit of IJOT, may also be accepted.
All papers should be sent to the Scientific Editor Dr. Matteo Bonetti: matbon@numerica.it
Manuscript Preparation
Introductions that Satisfy Reader Expectations
– Overview: Once you have a revised draft, you need to ensure that your
Introduction frames it, so that your readers will understand where you are
taking them. The Introduction should orient readers and motivate them
to read the rest of the paper. The Introduction must also make a contract
with the reader that a question will be answered. – Functions: – To awaken

8. Figure Legends - Provide figure legends on a separate sheet. Legends must
be double-spaced, and figures must be numbered in the order cited in the text.
9. Figures - Figures should preferably be submitted online in .tiff format
to: matbon@numerica.it. The time required to send files will vary depending on the number of figures, but image resolution must not be reduced to
decrease transmission time. When labeling the figures, please ensure that
the label corresponds to the figure number.
Digital images (originals or images acquired by a scanner) must meet the
following criteria:
Black-and-white figures: Images must be acquired using the grey scale with
a minimum resolution of 300 pixels per inch or 150 pixels per cm. Images
must have a base of at least 8.1 cm for one item or a minimum base of 16.9
cm for several items.
Color figures: Images must be acquired using the full color CMYK method
with a minimum resolution of 300 pixels per inch or 150 pixels per cm.
Images must have a base of at least 8.1 cm for one item or a minimum base
of 16.9 cm for several items. The RGB method is recommended for video
reproductions only, as the quality of printed figures is poor.
Images must be saved in .tiff format. Images in .jpg format are not acceptable
as details tend to be lost upon scanning, even at high resolution. Image definition also depends on the enlargement factor. Thus, a large low-resolution
image can be proportionally reduced (by 24%) for publication, thereby permitting optimal presentation in print. However, enlargement of a small highresolution image will highlight all flaws, yielding a pixelated effect.
Do not submit figures already paged in Word, PowerPoint, or other documents, or images inserted in web pages. Such images are of low resolution
and are unsuitable for printing.
Figures in .dcm (Dicom) format may be submitted as .dcm or .tiff files. The
editorial office will process such images for printing.

Illustrations may be compressed using the StuffIt, Aladdin, or Zip programs.
Do not label an image with arrows, numbers, or letters, but rather indicate
on a duplicate copy or a sketch where such indications are desired.
Authors are advised to refer to the Journal guidelines when formatting their
work. Otherwise the editorial office may return a submission to the authors
for improvement before any Editor is assigned.
If it is not possible to send figures via the Internet, images may be sent by
express courier in one of the following formats:
Original x-ray films, slides, or glossy or opaque prints. Clearly indicate on the
back of the image the first author’s name and the number corresponding to
the figure caption and citation in the text.
Figures may be submitted on a CD-ROM or DVD, copied in ISO9006
format legible on both PC and MAC. Floppy disks are not recommended.
Clearly indicate on one side of the figure both the top of the figure and the
figure number. Do not label the actual image with arrows, numbers, or letters, but rather indicate the top and figure number on a duplicate copy or on
a sketch. Do not cut or attach figures with adhesive tape or use paper clips.
If images are sent offline, thumbnails of the images should be uploaded as a
submission item online, together with the manuscript, to allow the publishers to reserve space for the original high-resolution images. All material
should be sent to the editorial office:
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