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• Our generators are built with the system of 
“corona discharge”

• Variable concentration range from 1 to 80 µg/ml 
• Differential digital photometer for real - time

display of concentrations
• Automatic zero setting and washing of all circuit before

and after traitment
• Our generators are built with titanium, silicone, 

stainless steel, viton ecc…
• Available to connect oxygen tanks and also 

in the central oxygen system with our oxygen 
flow regulator

• Available with valve adapter disposable device 
for taking ozone by hypodermic syringe 
to avoid discitis 

• Available to make topical application with our 
“trolley komby”

• Exclusive kit for the optimized procedure of 03- AHT 
• Maximum portability for the model E/30 (only 7 kg.)
• Certificated and constructed in conformity with 

the MDD CE 93/42 class II A CE 0476
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Editorial

Dear Colleagues,

Our journal is about to enter its sixth year of publication, a major goal unhoped for 
when we presented the first issue of the Rivista Italiana di Ossigeno-Ozonoterapia at 
the University of Pavia in 2001.

Many things have happened since then, but the best and most important is that our 
readers have increased from year to year alongside the growing international interest 
in oxygen-ozone therapy. For this reason, the journal switched to publication entirely 
in English two years ago to boost its circulation in more than forty nations world-
wide from China to Australia over to South America (Venezuela, Brazil, Argentina, 
Colombia, Uruguay, etc,) to the United States and all over Europe.

This is a major achievement linked to our commitment and passionate dedication 
to this discipline and its many successful treatment outcomes.

We recently attended the III National Chinese Congress of Ozone Therapy held 
in Urumqi, the capital of Xinjiang, an international metropolis of oasis in the sea of 
desert: Urumqi is located in North-West China on the edge of the Gobi desert.

Our visit allowed us to admire the sights of Xinjinag like the Ancient City of 
Jiaohe and the Kizil Thousand Buddha Caves in the Muroty valley and the Flamming 
Mountain in Turpan, some of which are shown in the photo-reportage published in 
this issue.

The occasion offered us the chance to compare our experience in Italy with 
Chinese practice of ozone therapy which is more recent but scientifically advanced 
and constantly expanding.

The chairman of the congress, Professor He, a neurosurgeon in Guanzou, was 
responsible for the impeccable organization of the three day meeting which saw 
much lively and interesting discussion. We took advantage of our stay in China to 
lay the groundwork for the I World Congress of the WFOT to be held in Beijing in 
2007.

These achievements are a great source of satisfaction. We set out timidly, work-
ing with dedication and commitment and have often been the targets of specious 
criticism. But today ozone therapy is practised successfully the world over and we 
Italians deserve at least some of the merits! 

Thank you.

Matteo Bonetti
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Ozone Treatment Inhibits Proliferation in 
Human Neuroblastoma SK-N-SH Cells

B. BUCCI*, A. CANNIZZARO*,  E. BRUNETTI*, M. MARTINELLI**
*AFAR-Centro Ricerca S. Pietro, Fatebenefratelli Hospital; Roma, Italy
** Dipartimento di Scienze Biomediche, S. Pietro, Fatebenefratelli Hospital; Roma, Italy
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SUMMARY - Tissue hypoxia results from an inadequate supply of oxygen (O2) that compromises 
biologic functions. Recent experimental and clinical studies suggest that intratumoral oxygen levels may 
influence a series of biologic parameters affecting the tumor’s malignant potential. Indeed, sustained 
hypoxia in a growing tumour may cause cellular changes that can result in a more clinically aggressive 
phenotype. During the last two decades it has been shown that ozonated autohemotherapy is therapeuti-
cally useful in arteriopathic patients because it increases oxygen delivery to hypoxic tissues, leading to 
normoxia. Although several oxygenation approaches have been tested, none is able to restore normoxia 
permanently in cancer. Since a prolonged cycle of ozonated autohemotherapy has been postulated to 
correct tumor hypoxia leading to a less aggressive behavior, we studied whether ozone treatment could 
affect cell growth and cell cycle perturbations on the human neuroblastoma SK-N-SH cell line. These data 
indicate that ozone acts as a real chemical drug capable of inhibiting cell growth suggesting its possible 
antineoplastic role in neuroblastoma cancer.

Introduction

Tissue hypoxia results from an inadequate sup-
ply of oxygen (O2) that compromises biologic func-
tions 1.

Traditionally, tumour hypoxia has been consid-
ered a potential therapeutic problem because it 
renders solid tumours more resistant to ionizing 
radiation 2-4. More recent experimental and clinical 
studies 5-11 suggest that intratumoral oxygen lev-
els may influence a series of biologic parameters 
affecting the tumor’s malignant potential. Indeed, 
sustained hypoxia in a growing tumour may cause 
cellular changes that can result in a more clinically 
aggressive phenotype 12-16.

During the process of hypoxia-driven malignant 
progression, tumour may develop an increased 
potential for local invasive growth 17,18, perifocal 
tumour spreading 12,19 and regional and distant 
tumour spreading 13,14,20-22.

Experimental evidence indicates that hypoxia 
not only induces proteome changes influencing 
tumour propagation but also drives malignant pro-
gression through transient and persistent genomic 
changes in neoplastic cells 19,20,23,24-27. Hypoxia pro-
motes genomic instability (through point muta-
tions, gene amplification, and chromosomal rear-

rangements) and may unveil pre-existing cryptic 
genetic variations, thus increasing the number of 
genetic variants.

Tumour hypoxia, when assessed by polarograph-
ic probes, is an independent prognostic factor for 
response to treatment and/or survival of patients 
with head and neck 21,28-30, uterine cervical tumour 12,14 
and sarcoma 13,31. As demonstrated by Overgaard’s 
meta-analysis 32, improving tumor oxygenation can 
lead to better local control and increased over-
all survival rates following chemo-radiotherapy. 
Consequently, several strategies have been pro-
posed to enhance tumor oxygenation inducing a 
constant restoration of normoxia. Ozone therapy 
is a technique that has been used in the treatment 
of ischemic syndromes 33-35.

Bernardino Clavo described a relationship 
between oxygenation in head and neck cancer and 
in anterior tibialis muscles 36, and an ozone therapy-
induced improvement in the oxygenation of the 
‘most-hypoxic’ anterior tibialis muscles, together 
with improvement in the most hypoxic tumors 37. 
These data suggested that ozone therapy could 
have some positive effect during the treatment of 
head and neck cancer 38.

Nevertheless, the potential usefulness of ozone 
therapy alone or as an adjuvant in neoplastic 
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patients receiving chemo–radiotherapy warrants 
further investigation.

The aim of the present study was to evaluate 
whether O3 treatment could affect cell growth and 
cell cycle in the SK-N-SH human neuroblastoma 
cell line.

Materials and Methods

Cell Culture

Human SK-N-SH cell line was maintained as 
a monolayer culture in EMEM supplemented 
with 10% heat-inactivated FCS (Life Technologies, 
Scotland, United Kingdom), antibiotics and L-
glutamine (2 mM) at 37°C in a 5% CO2/95% air 
atmosphere in a humidified incubator.

Ozone Generation

Ozone therapy was administrated using clini-
cal grade O2, the O3/O2 gas mixture was prepared 
with an ozonosan α plus photonic device 1014/10 
(Dr. Hansler, Germany) and sterilized by passage 
though a sterile 0.20 µm filter.

Treatment and Growth Inhibition Assay

Cells were seeded at a density of 1.0x 105 cells 
per T25 flask and after 24 hours of cell culture were 
treated at room temperature using an ozonosan α 
plus photonic device. Different O3 doses (6, 12, 25, 
50 and 80 µg/ml) were tested as a single-dose regi-
men. As repeated-dose regimen, O3 was added at 
concentrations of 6, 12, 25, 50 and 80 µg/ml given 
24 hours after seeding and repeated three hours 
after the first  treatment. After O3, the flasks were 
immediately put back in the incubator and cell 
viability, evaluated as trypan blue exclusion test, 
was determined daily from day 1 (four hours after 
treatment) to day 3 (48 hours after treatment) of 
culture. Data were evaluated as percentages of 
control (i.e., absolute treated cell number/absolute 
control sample). All the experiments were repeat-
ed four times and each experimental sample was 
seeded in triplicate.

Cell Cycle Analysis

The cell cycle was studied using Propidium 
Iodide (PI) staining. PI stained treated and untreat-
ed  cells were harvested, washed in cold PBS, fixed 
in 70% ethanol for at least one hour, and, after 

removing alcoholic fixative, stained with a solution 
containing 50 µg/mL PI (Sigma Chemical) and 75 
KU/mL RNase (Sigma Chemical) in PBS for 30 
minutes at room temperature in the dark. Samples 
were then measured by using a FACScan cytofluo-
rimeter (Becton Dickinson, Sunnyvale, CA).

Propidium Iodide Cytotoxicity Assay

The capacity of 6, 12, 25, 50 and 80 µg/ml O3 used 
in a single or repeated-regimen, to produce cell 
death was determined by PI staining exclusion test 
and flow cytometry. Cytotoxicity was defined as 
the cellular damage identified by PI staining, which 
shows the loss of structural integrity of the plasma 
membrane, a typical event of necrotic cell death. 
SK-N-SH cell line was stained with 100 µl of the 
supravital PI (4 mmol/L) for three minutes. After 
incubation, cells were washed with 5% bovine 
serum albumin in PBS and kept on ice until flow 
cytometry analysis.

Results

The oxonation experiments were conducted 
to investigate whether O3 could be considered 
an antineoplastic drug. First we determined the 
optimal schedule of ozone treatment. We exposed 
cells to 6, 12, 25, 50 and 80 µg/ml O3 doses and 
examined the effects produced by treatment on 
cell growth and the cell cycle at different times 
after ozone exposure (4, 24, and 48 hours). At each 
time, cells were harvested and counted using the 
trypan blue dye exclusion test. After addition of O3 
given in a single dose  (6, 12, 25, 50 and 80 µg/ml), a 
dose-dependent inhibition of cell proliferation was 
observed (figure 1A). Four hours after exposure 
of cells to 80ug/ml, a cell growth inhibition of 58% 
was observed. The inhibitory effect become 99% 
after 48 hours, whereas growth inhibitions of 33% 
and 29% were obtained after 4 hours of exposure 
to 50 and 25 µg/ml O3 and persisting during the 
48 hours following treatment. When cells were 
exposed to the lowest O3 doses of 12 and 6 µg/ml 
the growth inhibitions were about 24% and 17%, 
respectively.  These latter effects were partially lost 
during the following days, with cell growth inhibi-
tion values evaluated 48 hours after O3 treatment 
of about 17% and 10%, respectively.

We also measured the effect of repeated doses 
of 6, 12, 25, 50 and 80 µg/ml O3. Figure 1B shows 
that the different doses of 6, 12, 25, 50 and 80 µg/ml 
given 24 hours after seeding and repeated three 
hours after the first treatment (repeated dose-
regimen) enhanced cell growth reduction. The 
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maximum antiproliferative effect was observed at 
80 µg/ml dose with similar values to those obtained 
with the previous regimen of O3 treatment. 

Four hours after the start of 50 and 25 µg/ml 
exposure we already observed cell growth inhi-
bition of about 61% and 50% respectively (ver-
sus  33% and 29% obtained with the single-dose 
regime) and it was maintained up to the last time 
point of the cell growth experiment (days 3 = 48 
hours after start of O3 treatment). The percentage 
of inhibition was about 37% and 20% in the 12 
and 6 µg/ml O3-treated cells in comparison with the 
single-dose regimen (24% and 17%, respectively) 
and it was partially recovered during the following 
48 hours.

To evaluate whether O3-induced cell growth 
inhibition could be related to cell cycle pertur-
bations, PI staining and fluorescence-activated 
cell sorting analysis were done on SK-N-SH cells 
exposed to  6, 12, 25, 50 and 80 µg/ml O3 in single 
or repeated-dose regimen (table 1A and B). This 
analysis, performed at different times after 6, 12, 25 
and 50 µg/ml O3 exposure, given in a single dose-
regimen, revealed an accumulation of the cells in 
the S-phase (41%, 44%, 46%, 50% and 34% in 
O3 treated and untreated cells, respectively) sug-
gesting a prolonged stay of the O3-treated cells 
in S-phase. However, this S-phase accumulation 
was completely overcome in the 48 hours follow-
ing 6 and 12 µg/ml O3-treated cells. No detectable 

changes in the PI percentage toxicity was observed 
after 6, 12, 25 and 50 µg/ml O3 exposure being less 
than 10% at 48h. Conversely the PI percentage 
toxicity was more than 75% after the highest  dose 
indicating 80 µg/ml as a lethal dose.

The O3 repeated dose-regimen induced an accu-
mulation of cells in the G2 phase of the cell cycle 
compared with untreated cells and evaluated four 
hours after treatment (the G2 phase were 25%, 
33%, 40%, 50% and 19%  in 6, 12, 25 and 50 µg/ml 
and untreated  cells, respectively). Cells treated by 
6 and 12 µg/ml O3 progressively decreased the G2 
phase percentages to 17% and 23%, respectively 
within 48 hours after O3 treatment and concomi-
tantly increased the G1 phase (49% and 46%, 
respectively). Conversely, 48 hours after 25 µg/ml 
treatment, the G2 accumulation was still evident 
(40%). The cell cycle effect induced by 6 and 12 
µg/ml O3 doses was associated with a moderate 
cytotoxicity, evaluated as percentage of PI stained 
cells, being <13% and 15%, respectively, while a 
more consistent toxicity was observed at 25 µg/ml 
O3 dose (more than 25%) within the same time 
interval (48 hours from treatment). Twenty-four 
hours after 50 µg/ml treatment, the cell cycle 
profile demonstrated that O3 led to irreversible 
cellular damage promoting cell killing. Consistent 
with this hypothesis is the increasing toxicity per-
centages observed, the percentages of PI-positive 
cells was 50% at 48 hours. Moreover, these data 

Figure 1  O3-induced growth inhibition in SK-
N-SK human cell line. 1×105 cells were seeded 
in T25 flasks and O3 exposure was administered 
24 h later. Cells were seeded at a density of 
1.0×105 cells per T25 flask and, after 24 hours 
of cell culture, cells were exposed to increas-
ing doses of O3 6g, 12g, 25 c50 cand 80g µg/ml 
in a single dose regimen A) and a repeated 
dose regimen B). The analysis was performed 
4, 24 and 48 hours after treatment. At each time 
point the cells were harvested and counted 
by trypan blue exclusion test. Cell counts are 
reported as percentages of control. Data are 
representative of three different experiments. 
Values are means of triplicate samples.
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confirmed that 80 µg/ml O3 is a lethal dose. These 
findings indicate that ozone acts as a real chemi-
cal drug capable of inhibiting neuroblastoma cell 
growth suggesting its possible antineoplastic role 
in neuroblastoma cancer. 

Discussion

In solid tumours, oxygen delivery to the respir-
ing neoplastic and stromal cells is frequently 
reduced or even abolished by a deteriorating dif-
fusion geometry, severe structural abnormalities 
of tumour microvessels, and impaired microcir-
culation 39. In an increasing number of reports on 
tumour oxygenation, the addition, anemia and for-
mation of methemoglobin or carboxyhemoglobin 
reduce the blood’s capacity to transport O2. As a 
result, areas with very low (down to zero) oxygen 
partial pressure exist in solid tumours, occurring 
either acutely or chronically. These microregions 
of very low or zero O2 partial pressures are hetero-
geneously distributed within the tumour mass and 
may be located adjacent to regions with normal 
O2 partial  pressure. In contrast to normal tissue, 
neoplastic tissue can no longer fulfil physiologic 
functions. Thus, tumour hypoxia cannot be defined 

by functional deficits, although areas of necrosis, 
which are often found in tumour tissue on micro-
scopic examination, indicate the loss of vital nv= 
not evaluable cellular functions. Actually hypoxia 
(defined as the fraction of measured O2 partial 
pressures of <5 mmHg) is a statistically significant 
adverse prognostic factor of disease-free survival. 
A Kaplan–Meier analysis showed statistically sig-
nificantly shorter survival and recurrence-free sur-
vival for patients with hypoxic tumors. The results 
were consistent with the hypothesis that radio-
biologically hypoxic tumors (i.e., tumors with a 
reduced radiosensitivity at critically low O2 levels) 
are less curable 40, even though the role of hypoxia 
in conventional  antineoplastic drug resistance 
could not be excluded. 

These data were supported by Cox regression 
analysis which revealed tumor oxygenation as the 
strongest independent prognostic factor, followed 
by FIGO stage 12. Of special interest was the fact 
that the disadvantage in outcome for patients 
with hypoxic tumor was independent of primary 
treatment (radiation therapy or radical surgery). 
Sundfor et Al 41 reported a poor outcome associ-
ated with low oxygen tension in 40 patients with 
advanced squamous cell carcinoma of the uter-
ine cervix. These findings are in agreement with 
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results obtained by Fyles et Al 42 who found  that  
the pretreatment oxygenation status of tumors 
can predict disease-free survival in patients with 
cervical cancer. In addition, Knocke et Al 43 con-
firmed the prognostic relevance of pretreatment 
tumor oxygenation status by studying 51 patients 
with cancer of the uterine cervix after radiation 
treatment. The pretreatment tumor oxygenation 
status was also assessed in patients with soft-tissue 
sarcoma: patients with  hypoxic tumor were associ-
ated with a poorer survival when compared with 
patients with normoxic tumor resulting from local 
treatment failure or distant metastases 13,44,45,46.

Recent work has led to the hypothesis that 
tumor hypoxia may be associated with malignant 
progression by locoregional and distant tumor 
propagation. This observation was confirmed by 
Hochel et Al who reported that hypoxia may not 
only counteract O2-dependent forms of therapy 
but may also advance tumor progression per se 
independently of treatment 12. Since modification 
of the levels of hypoxia with therapy has been 
shown to improve therapeutic outcomes 32, several 
strategies have been proposed to enhance tumor 
oxygenation inducing a constant restoration of 
normoxia.

A special workshop sponsored by the National 
Cancer Institute, established the need to inves-
tigate methods to overcome tumor hypoxia 47. 
Clavo reported that ozone therapy could have an 
important role in increased oxygenation restoring 
normoxia in the most poorly oxygenated head and 
neck tumors 38.

Ozone (O3) is the allotropic form of oxygen 
with three atoms and two unpaired electrons, 
which has a higher oxidizing capacity than oxygen. 
Nevertheless, the potential usefulness of ozone 
therapy as an adjuvant in chemo–radiotherapy for 
neoplastic lesions warrants further investigation. 
Our findings demonstrated that O3 affects cell 
growth and the cell cycle in the neuroblastoma 
SK-N-SH cell line. Our data are in agreement 
with Sweet et Al 48 who reported ozone as a pos-
sible antineoplastic drug because of its capacity 
to inhibit the growth of human cancer cells. Since 
the therapeutic window for ozone concentration 
ranges from 20 to 80 µg/ml 49, we utilized 6, 12, 25, 
50 and 80 µg/ml O3 doses to verify its possible anti-
tumoral effect on the SK-N-SH human neuroblas-
toma cell line.

We found that the 6, 12, 25, 50 and 80 µg/ml O3 
doses produced different cell cycle effects when 
administered in single or repeated-dose regime.  
We showed that tumor cells exposed to the lowest 
O3 doses of 6 and 12 µg/ml when given in single 
dose-regime partially recovered the O3-induced S-
phase accumulation while 6 and 12 µg/ml given in 

a repeated dose-regimen produced a different cell 
cycle perturbation, inducing a G2 arrest. However, 
this G2 accumulation was overcome in the 48 
hours following treatment. Whereas the 25 µg/ml 
O3, given in the repeated dose-regime abolished 
the ability of the cells to overcome the G2 block 
compared to the lowest doses (6 and 12 µg/ml). 
Indeed, this G2 block seems to be permanent, 
because at 48 hours after the start of treatment a 
fraction of the cells was still in G2 phase (40%). On 
the contrary, 25 µg/ml O3, in a single dose-regime 
produced a slight S-phase accumulation. The high-
est dose of 80 µg/ml in both single and repeated 
dose-regimens produced irreversible cellular dam-
age, indeed the cells were not able to repopulate 
the cell cycle and died from necrosis, whereas 50 
µg/ml O3 given in a single dose-regime did not pro-
duce any significant toxic effect. Our hypothesis 
is that different molecular events occur following 
O3, which affect the cell cycle and can lead in turn 
to DNA damage repair, cell cycle perturbation or 
death. If the damage is too massive it is followed 
by death in an attempt to eliminate such severely 
damaged cells. 

This hypothesis is supported by the capacity of 
O3 when administered as autotransfusion in cancer 
patients, to react with organic compounds (hydro-
soluble and lipophilic antioxidants, unsaturated 
fatty acids, etc) generating a number of messengers 
acting on various blood components and procur-
ing early (by ROS) and late (by LOP) biological 
effects.  Bocci et Al 49 showed that ozone, via the 
transitory action of hydrogen peroxide, acts as a 
mild inducer of cytokines in leukocytes. Therefore, 
by releasing cytokines in lymphoid microenvi-
ronments primed lymphocytes and monocytes 
may slowly bring about a concerted activation of 
the immune system usually suppressed by tumor 
growth.

In contrast to the claim of a possible O3 toxic 
effect on blood cells, it has been reported that O3-
induced toxicity is overcome using the appropriate 
dose. Indeed, the range of the therapeutic window 
has been determined between 20 and 80 µg/ml per 
ml of blood cells (0.42-1.68 mM) which did not 
produce any toxic effect. Indeed, patients undergo-
ing ozone therapy do not have adverse effects and 
most patients reported a feeling of wellness and 
euphoria. Normally a cycle of 14-15 treatments 
(twice weekly) significantly improves visual acuity 
in about 70% of patients with the atrophic form of 
age-related macular degeneration: (ARMD) 50 and 
in most patients with chronic limb ischemia (stage 
II) 34,51,52. Our data are in partial agreement with 
results obtained by Bocci et Al 49 on O3 cytotoxic-
ity. We did not find toxicity at doses of 6, 12, 25 
and 50 µg/ml when O3 was administered in a single 
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dose-regime while toxicity was obtained when O3 
was given in a repeated dose-regime. The highest 
dose of 80 µg/ml produced an elevated cytotoxic-
ity in both single and repeated-dose regime and 
was considered a lethal dose. We observed that the 
O3 induced a dose dependent cell growth inhibi-
tion and that the highest dose was able to activate 
necrotic cell death by producing irreversible cel-
lular damage inhibiting the progression of cells 
through the cell cycle. In agreement with Bocci 
et Al. 40 we also believe that ozone acts as a real 
chemical drug.  

Conclusion

Ozone directly inhibited neoplastic cell growth 
following injection into the neoplastic nodule or 
via reinfusion of ozonated blood in patients bearing 

neuroblastoma cells. In accordance with Overgaard 

32, we think that improving tumor oxygenation can 
lead to better local neoplastic control, increased 
patient survival rates and a better quality of life. 
Indeed ozone therapy could be a new therapeutic 
approach targeted to specifically bypass the resist-
ance implemented by hypoxic selection reducing 
the risk of hypoxia-mediated treatment failures 
and improving survival and disease-free recur-
rence in neuroblastoma cancer patients. Besides 
the normalization of hypoxia, ozone therapy dis-
plays other interesting biological effects that may 
enhance the therapeutic outcome.
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Introduction

It is distressing to note that often ozone therapists are more
interested in simply knowing the ozone dosage rather than
to understand how ozone acts and why we can avoid toxic-
ity. This behavior reveals a lack of knowledge of the funda-
mental bases regulating a judicious use of ozone and is the
result of a superficial preparation acquired during an occa-
sional ozone therapy’s course of a few hours. This is not
surprising because during the last three decades, on the ba-
sis of Wolff’s suggestion (1), ozone therapy has been used
by practitioners in Europe in an empirical fashion. Unfortu-
nately, even today, most ozone therapists have either a mis-
conception or know only a few technical tips for
performing ozone therapy. This problem, associated with
the difficulties and cost of performing extensive clinical
studies, has hindered real progress, and ozone therapy re-
mains a scarcely known and objected complementary prac-
tice. Worst of all, in some countries, often without any
medical qualification, quacks continue to inject either
ozone intravenously, a procedure prohibited since 1984 in
Germany because of the risk of pulmonary embolism and
death, or ozonated saline containing a certain toxic amount
of hypochloric acid. Moreover, a distinguished American
chemist has affirmed the dogma that ‘‘ozone is toxic any
way you deal with it,’’ reinforcing the concept that ozone
should never be used in medicine. This situation has

generated a sort of crusade against ozone therapy in spite
of the fact that ozone is considered one of the best disinfec-
tants capable of preventing infection outbreaks. This is be-
coming a crucial advantage because critically ill patients
acquire infections while in hospitals and a number of them
die every year as a result.

Table 1 summarizes several good reasons for refusing
ozone therapy by orthodox medicine. However, problems
1–5 have now been practically overcome, whereas the re-
maining 6–9 are stumbling blocks hindering progress. Dur-
ing the last 14 years, we have made a great effort to
examine ozone therapy in a scientific fashion both at a basic
and clinical level, and we now have some ideas how ozone
acts, how and why its toxicity can be controlled and how
therapeutic effects can be exerted (2–11). There is no need
to invoke philosophical speculations because the mecha-
nisms of action are in the realm of classical biochemistry,
physiology and pharmacology.

This review aims to give the reader the essential infor-
mation and the frame of mind to operate as a real physician.
An extensive description is available in three recent books
(9–11).

What Is Ozone and How Can We Use It?

Ozone is normally present as a gas made of three atoms of
oxygen with a cyclic structure. The medical generator of
ozone produces it from pure oxygen passing through a high
voltage gradient (5–13 mV) according to the reaction:

3O2168;400 cal/2O3
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Consequently, we always collect a gas mixture compris-
ing no less than 95% oxygen and no more than 5% ozone.
Air must be excluded because toxic nitrogen dioxide (N2O2)
will be formed as well as ozone and it is imperative that
generators are made of high quality, ozone-resistant materi-
als such as stainless steel, neutral glass and Teflon.

Ozone is 1.6-fold denser and 10-fold more soluble in
water (49.0 mL in 100 mL water at 0�C) than oxygen. Al-
though ozone is not a radical molecule, it is the third most
potent oxidant (E� 5 12.076 V) after fluorine and persul-
fate. Ozone is an unstable gas that cannot be stored and
should be used at once because it has a half-life of
40 min at 20�C.

Ozone is a controversial gas because, although it is very
useful in the stratosphere by absorbing dangerous B and C
ultraviolet radiations, it is toxic for the pulmonary tract in
the troposphere, particularly mixed with carbon monoxide
(CO), N2O2 and traces of acids as occurs in photochemical
smog.

It must be clear that if we want to use ozone in medicine,
we must avoid its toxicity that can be controlled only if we
operate cautiously by 1) using a precise ozone generator
equipped with awell-standardized photometer, which allows
us to determine the ozone concentration in real time, 2) by
collecting a precise gas volumewith a defined ozone concen-
tration. The total dose is simply calculated bymultiplying the
ozone concentration with the gas volume. As an example, if
we ozonate a blood volume of 225 mL with 225 mL of gas
with an ozone concentration of 30 mg/mL, the total dose is
equivalent to 6.75mg of ozone. 3)Wemust know the optimal
dose for achieving a therapeutic effect without any toxicity.

At variance with blood, the eyes and the lungs are very
sensitive to ozone because they have minimal antioxidant
and neutralizing capabilities and therefore ozone should
never contact these organs.

What Is the Behavior and Fate of Ozone after
Coming in Contact with Body Fluids?

The essential concepts to bear in mind are the following:
a) as any other gas, ozone dissolves physically in pure water
according to Henry’s law in relation to the temperature,
pressure and ozone concentration. Only in this situation

does ozone not react and, in a tightly closed glass bottle,
the ozonated water (useful as a disinfectant) remains active
for a couple of days; b) on the other hand, at variance with
oxygen, ozone reacts immediately as soon as it is dissolved
in biological water (physiological saline, plasma, lymph,
urine):

O31biomolecules/O21O,

where atomic oxygen behaves as a very reactive atom. Con-
trary to the incorrect belief that ozone penetrates through
the skin and mucosae or enters into the cells, it is empha-
sized that, after the mentioned reaction, ozone does not
exist any longer.

In order of preference, ozone reacts with polyunsaturat-
ed fatty acids (PUFA), antioxidants such as ascorbic and
uric acids, thiol compounds with -SH groups such as cyste-
ine, reduced glutathione (GSH) and albumin. Depending
upon the ozone dose, carbohydrates, enzymes, DNA and
RNA can also be affected.

All of these compounds act as electron donor and
undergo oxidation. c) The main reaction:

R-CH5CH-R01O31H2O/R-CH5O1R0-CH5O1H2O2

shows the simultaneous formation of one mole of hydrogen
peroxide (included among reactive oxygen species, ROS)
and of two moles of lipid oxidation products (LOPs) (12).

The fundamental ROS molecule is hydrogen peroxide,
which is a non-radical oxidant able to act as an ozone mes-
senger responsible for eliciting several biological and ther-
apeutic effects (13,14). The concept that ROS are always
harmful has been widely revised because, in physiological
amounts, they act as regulators of signal transduction and
represent important mediators of host defense and immune
responses.

Presence of traces of Fe11 should be avoided because,
in the presence of hydrogen peroxide, via the Fenton’s re-
action, they will catalyze the formation of the most reactive
OH, (hydroxyl radical).

Fe111H2O2/Fe1111OH,1OH2:

Interestingly, we (15) have also determined the forma-
tion of nitrogen monoxide (NO,) in human endothelial cells
exposed to ozonated serum. Attention should be paid to the
fact that an excess of ROS can lead to the formation of
other toxic compounds such as peroxynitrite (O5NOO2)
and hypochlorite anion (ClO2).

Although ROS have a lifetime of less than a second, they
can damage crucial cell components and, therefore, their
generation must be precisely calibrated to achieve a biolog-
ical effect without any damage. This can be achieved by
regulating the ozone dose (ozone concentration as mg/mL
of gas per mL of blood in 1:1 ratio) against the antioxidant
capacity of blood that can be measured and, if necessary,

Table 1. Why oxygen ozone therapy has not yet been accepted by

orthodox medicine

1. Excessive empiricism

2. Lack of standardization

3. No precise ozone generator

4. Lack of solid scientific biological and clinical data

5. Ozone toxicity

6. The problem of charlatans

7. Lack of regulation and disinterest of health authorities

8. Lack of financial support

9. Skeptical and uninformed scientists

426 Bocci/ Archives of Medical Research 37 (2006) 425–435
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strengthened by oral administration of antioxidants before
and throughout ozone therapy. d) LOPs production follows
peroxidation of PUFA present in the plasma: they are het-
erogeneous and can be classified as lipoperoxides (LOO,),
alkoxyl radicals (LO,), lipohydroperoxides (LOOH), iso-
prostanes and alkenals, among which are 4-hydroxy-2,3
transnonenal (HNE) and malonyldialdehyde (MDA). Radi-
cals and aldehydes are intrinsically toxic and must be gen-
erated in very low concentrations. They are in vitro far more
stable (6) than ROS but fortunately, upon blood reinfusion,
they undergo a marked dilution in body fluids, excretion
(via urine and bile), and metabolism by GSH-transferase
(GSH-Tr) and aldehyde dehydrogenases. Thus, only submi-
cromolar concentrations can reach all organs, particularly
bone marrow, liver, central nervous system (CNS), endo-
crine glands, etc., where they act as signaling molecules
of an ongoing acute oxidative stress (16).

If the stage of the disease is not too far advanced, these
molecules can elicit the upregulation of antioxidant en-
zymes such as superoxide dismutase (SOD), GSH-peroxi-
dases (GSH-Px), GSH-reductase (GSH-Rd) and catalase
(CAT). Interestingly, Iles and Liu (17) have just demon-
strated that HNE, by inducing the expression of glutamate
cysteine ligase, causes an intracellular increase of GSH,
which plays a key role in antioxidant defense. Furthermore,
LOPs induce oxidative stress proteins, one of which is
heme-oxygenase I (HO-1 or HSP-32) which, after breaking
down the heme molecule, delivers very useful compounds
such as CO and bilirubin (18). Bilirubin is a significant li-
pophilic antioxidant and a trace of CO cooperates with NO
in regulating vasodilation by activating cyclic GMP. Fe21 is
promptly chelated by upregulated ferritin. The induction of
HO-1 after an oxidative stress has been described in hun-
dreds of papers as one of the most important antioxidant
defense and protective enzyme. Moreover, LOPs exert
a neuroimmunomodulatory effect highlighted by a feeling
of well being reported by patients during ozone therapy.

Although it remains hypothetical, it is possible that
LOP, throughout the treatments, acting as acute oxidative
stressors in the bone marrow microenvironments activate
the release of metalloproteinases, of which MP-9 particu-
larly may favor the detachment of staminal cells (11).
These cells, once in the blood circulation, may be attracted
and home at sites where a previous injury (a trauma or an
ischemic-degenerative event) has taken place. The potential
relevance of such an event would have a huge practical im-
portance and will avoid the unnatural, costly and scarcely
effective practice of the bone marrow collection with the
need of the successive and uncertain reinfusion (19).

It is emphasized that submicromolar LOPs levels can be
stimulatory and beneficial, whereas high levels can be tox-
ic. This conclusion, based on many experimental data (16),
reinforces the concept that optimal ozone concentrations
are critical for achieving a therapeutic result: too low con-
centrations are practically useless (at best elicit a placebo

effect), too high may elicit a negative effect (malaise, fa-
tigue) so that they must be just above the threshold level
to yield an acute, absolutely transitory oxidative stress ca-
pable of triggering biological effects without toxicity.

In conclusion, it must be clear to the reader that the
ozonation process either happening in blood, or intradiscal
or in an intramuscular site represents an acute oxidative
stress. However, provided that it is precisely calculated ac-
cording to a judicious ozone dosage, it is not deleterious but
is actually capable of eliciting a multitude of useful biolog-
ical responses and, possibly, can reverse a chronic oxidative
stress due to aging, chronic infections, diabetes, atheroscle-
rosis, degenerative processes and cancer. Indeed, the ozono-
therapeutic act is interpreted as an atoxic but real
‘‘therapeutic shock’’ able to restore homeostasis.

Which Are the Biological Effects Elicited by
ROS and LOPs?

The ozonation process is therefore characterized by the for-
mation of ROS and LOPs acting in two phases. This pro-
cess happens either ex vivo (as a typical example in the
blood collected in a glass bottle) or in vivo (after an intra-
muscular injection of ozone) but, while ROS are acting
immediately and disappear (early and short-acting messen-
gers), LOPs, via the circulation, distribute throughout the
tissues and eventually only a few molecules bind to cell re-
ceptors. Their pharmacodynamics allow minimizing their
potential toxicity and allows them to become late and
long-lasting messengers.

Formation of ROS in the plasma is extremely rapid and
is accompanied by a transitory and small ozone dose-
dependent decrease (ranging from 5 to 25%) of the antiox-
idant capacity. Importantly, this return to normal within
15–20 min owes to the efficient recycling of oxidized com-
pounds such as dehydroascorbate to ascorbic acid (20).
H2O2 diffuses easily from the plasma into the cells and
its sudden appearance in the cytoplasm represents the trig-
gering stimulus: depending upon the cell type, different
biochemical pathways can be concurrently activated in er-
ythrocytes, leukocytes and platelets resulting in numerous
biological effects. It must be noted that between the plasma
and the cytoplasm compartments there is a gradient and the
intracellular H2O2 concentration is only about 1/10 of the
plasmatic one (21). The rapid reduction to water is operated
by the high concentration of GSH, CAT and GSH-Px; none-
theless, H2O2 must be above the threshold concentration for
activating several biochemical pathways.

Let us now examine how hydrogen peroxide, now uni-
versally recognized as one of the main intracellular signal-
ling molecules (13), acts on the different blood cells. The
mass of erythrocytes mops up the bulk of hydrogen perox-
ide: GSH is promptly oxidized to GSSG and the cell, ex-
tremely sensitive to the reduction of the GSH/GSSG

427Ozone Therapy Today
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ratio, immediately corrects the unbalance by either extrud-
ing GSSG or reducing it with GSH-Rd at the expense of
ascorbate or of the reduced nicotinamide adenine dinucleo-
tide phosphate (NADPH), which serves as a crucial electron
donor. Next, the oxidized NADP is reduced after the activa-
tion of the pentose phosphate pathway, of which glucose-6-
phosphate dehydrogenase (G-6PD) is the key enzyme. We
have determined a small but significant increase of ATP for-
mation (10,11), but whether this is due to the activation of
the pentose cycle or to phosphofructokinase or to both re-
mains to be clarified. Moreover, for a brief period the rein-
fused erythrocytes enhance the delivery of oxygen into
ischemic tissues because of a shift to the right of the oxy-
gen–hemoglobin dissociation curve, due either to a slight
decrease of intracellular pH (Bohr effect) or/and an increase
of 2,3-diphosphoglycerate (2,3-DPG) levels. Obviously,
one AHT treatment has a minimal effect and we need
to ozonate at least 2.5–4 L of blood within a period of
30–60 days. During this period, LOPs act as repeated stres-
sors on the bone marrow and these frequent stimuli cause
the adaptation to the ozone stress during erythrogenesis
with upregulation of antioxidant enzymes. As a conse-
quence, a patient with chronic limb ischemia undergoing
ozone therapy can have a clinical improvement due to the
formation of successive cohorts of erythrocytes progres-
sively more capable of delivering oxygen to his/her ische-
mic tissues. However, the final improvement is also due
to the localized release of NO, CO and growth factors re-
leased from platelets and endothelial cells.

Although ozone is one of the most potent disinfectants,
it cannot inactivate bacteria, viruses and fungi in vivo
because, paradoxically, the pathogens are well protected,
particularly inside the cells, by the powerful antioxidant
system. Thus, as I proposed a long time ago (22,23), ozone
acts as a mild enhancer of the immune system by activating
neutrophils and stimulating the synthesis of some cytokines
(2,5–7). Once again, the crucial messenger is hydrogen per-
oxide, which after entering into the cytoplasm of blood
mononuclear cells (BMC) by oxidizing selected cysteines,
activates a tyrosine kinase, which then phosphorylates the
transcription factor nuclear factor kB (24), allowing the re-
lease of a heterodimer (p501p65). This complex moves on
to the nucleus and switches on some hundred genes eventu-
ally responsible for causing the synthesis of several pro-
teins, among which are the acute-phase reactants and
numerous interleukins. In the past, we have measured the
release of several cytokines from ozonated blood upon
in vitro incubation (2–7). Once the ozonated leukocytes re-
turn to the circulation, they home in lymphoid microenvir-
onments and successively release cytokines acting in
a paracrine fashion on neighboring cells with a possible re-
activation of a depressed immune system (25). This pro-
cess, described as the physiological cytokine response, is
part of the innate immune system and helps us to survive
in a hostile environment.

During ozonation of blood, particularly if it is anticoagu-
lated with heparin, we have noted an ozone dose-dependent
increase of activation of platelets (8,26) with a consequent
release of typical growth factors, which will enhance the
healing of chronic ulcers in ischemic patients. Whenever
possible, the use of heparin as an anticoagulant is preferable
to sodium citrate because, by not chelating plasmatic Ca11,
it reinforces biochemical and electric events.

During reinfusion of the ozonated blood into the donor,
the vast expanse of the endothelial cells will be activated by
LOPs, resulting in an increased production of NO, plasma
S-nitrosothiols and S-nitrosohemoglobin (15,27). Whereas
NO has a half-life of less than 1 sec, protein-bound-NO
can exert vasodilation also at distant ischemic vascular sites
with relevant therapeutic effect.

Moreover, on the basis of the phenomenon of ozone tol-
erance that says the exposure of an organism to a low level
of an agent, harmful at high levels, induces an adaptive and
beneficial response (28,29), we have postulated that LOPs,
by acting as long-distance messengers, can transmit to all
organs the information of an acute oxidative stress
(10,11). The bone marrow is particularly relevant because
it can upregulate antioxidant enzymes during erythrogene-
sis and allows the release of staminal cells for possibly re-
generating infarcted organs. Moreover, the stimulation of
the endocrine and central nervous systems may help to un-
derstand why most patients during prolonged ozone therapy
report a feeling of euphoria and wellness, probably due to
an improved metabolism as well as to an enhanced hormon-
al or neurotransmitter release.

The paradoxical concept that ozone eventually induces
an antioxidant response capable of reversing a chronic ox-
idative stress is common in the animal and vegetal kingdom
and there is good experimental evidence (30–34) that this
phenomenon is present in the animal and vegetal kingdom.
Moreover, it is already supported by our findings of an in-
creased level of antioxidant enzymes and HO-1 during
ozone therapy (10,11). It also suggests that a judicious
use of ozone, in spite of acting as an oxidant, enhances
the antioxidant capacity, which represents the critical factor
for overcoming chronic viral infections, ischemia and cell
degeneration.

Which Are the Routes of Ozone Administration?

Table 2 shows that ozone can be administered with great
flexibility but it should not be injected intravenously as
a gas because of the risk of provoking oxygen embolism,
given the fact that the gas mixture contains always no less
than 95% oxygen.

So far the most advanced and reliable approach has been
the major ozonated AHT because, on the basis of the pa-
tient’s body weight, a predetermined volume of blood
(200–270 mL) can be exposed to an equal volume of gas

428 Bocci/ Archives of Medical Research 37 (2006) 425–435
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(O2–O3) in a stoichiometric fashion, with the ozone concen-
tration precisely determined. Figure 1 shows a schematic
drawing of the components necessary to perform AHTwith
an ozone-resistant glass bottle (plastic bags must be
avoided because they are not ozone resistant and contami-
nate blood with pthalates and plastic microparticles).
Blood, drawn from a cubital vein via a G19 Butterfly nee-
dle, is rapidly sucked inside the bottle under vacuum via
Segment A. Then a precise volume of gas is delivered via
segment B. With gentle mixing to avoid foaming, ozonation
of blood is completed in 5–10 min and the ozonated blood
is reinfused, via suitable tubing with blood filter, into the
donor in about 15 min. This simple, inexpensive (all the
necessary disposable material costs about 12 US$) proce-
dure has already yielded therapeutic results in vascular

diseases superior to those achieved by conventional medi-
cine. Moreover, the therapeutic modalities, until now re-
stricted to major AHT and to the empirical and imprecise
rectal insufflation of gas (11), have been extended: they in-
clude the quasi-total body exposure to O2–O3 (35) and the
extracorporeal blood circulation against O2–O3 (36). The
latter procedure is rather invasive because blood collected
from a vein circulates through an ozone-resistant gas ex-
changer and, with the help of a peristaltic pump, returns
to the circulation via a contralateral vein. On the other
hand, the partial cutaneous exposure to oxygen-ozone does
not need any venous puncture and, owing to the vast ex-
panse of the skin, allows a generalized and beneficial effect.
Clearly, today we can select the most suitable method for
different pathologies, their stage and the patient’s condition.

A discussion on its own is needed for the minor AHT,
which basically consists of withdrawing 5 mL of blood to
be immediately and vigorously mixed for 1 min with an
equal volume of O2–O3 at an ozone concentration ranging
between 80 and 100 mg/mL of gas per mL of blood. It
has been extensively described in Bocci (11). The strongly
oxidized blood, including the foam, is promptly injected in-
to the gluteus muscle without the need of any anesthetic. As
an unspecific immunomodulatory approach, I have used
this treatment since 1953 and, during the last two decades,
several ozone therapists have successfully treated herpetic
infections (for review, see Reference 11). I have speculated
that blood infiltrated into the muscular tissue will undergo
coagulation due to platelet and prothrombin activation.

Table 2. Routes of ozone administration

Parenteral

Intravenous, intra-arterial,a intramuscular, subcutaneous, intraperitoneal,

intrapleural, intra-articular, periarticular, myofascial, intradiscal,

intraforaminal, intralesionalb

Topical or locoregional

Nasal,c tubal,c auricular, oral,c vaginal, urethral and intrabladder, rectal,

cutaneous, dental

aNo longer used for limb ischemia. Hepatic metastasis could be embolized

via the hepatic artery.
bIntratumoral or via a fistula.
cTo be performed during 30–40 sec apnea.

Figure 1. Schematic drawing of the components necessary to perform the ozonated autohemotherapy with an ozone-resistant glass bottle under vacuum.
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Although patients rarely report a slight swelling and pain at
the injection site, a mild sterile inflammatory reaction may
take place with infiltration of monocytes and neutrophils
scavenging denatured proteins, lysed erythrocytes and apop-
totic cells. If plama contains some free virions (HCV, HBV,
HHV, HIV and so on), these will be inactivated by the high
ozone concentration and may act as an autovaccine. At the
same time a moderate release of cytokines will modulate
the physiological response (25), and the abundance of heme
will upregulate the synthesis of both antioxidant enzymes
and oxidative stress proteins, particularly of heme oxygen-
ase I. It is wonderful that such a simple and autologous
treatment can act as a powerful enhancer of several biolog-
ical responses.

A variant and unnecessarily complicated procedure
proposed in the 1990s consists of treating a similarly small
volume of citrated blood with ozone, ultraviolet light (obvi-
ously generating more ozone and ROS) and heat (42.5�C)
for 3 min. To my knowledge, without clarifying the ratio-
nale of using three physicochemical stresses, this method
appears superfluous because ozone, as an oxidizer, is more
than enough and the addition of other stresses makes the in-
terpretation of the response very difficult. A first pilot study
by Garber et al. (37) testing this technique in HIV patients
was badly conceived and showed neither toxicity nor effica-
cy, but it has amply discredited the use of ozone. This ap-
proach has been subsequently used in patients with either
vasculitis (38) or advanced chronic heart failure (39). As
might be expected, two biological studies (40,41) have
shown the possibility of controlling a chronic oxidative

stress (33) and of activating regulatory T cells for downre-
gulating a chronic inflammation. In conclusion, while I am
not using this variant, I systematically couple the major and
minor AHT as above described in all patients because I
have noticed a potentiation of the biological and therapeutic
effects. My opinion is that only by using a double-focused
approach (it is less expensive than the variant minor AHT),
able to simultaneously expand the interaction of ozonated
messengers with both blood and muscular tissue, one can
achieve a more rapid and intense therapeutic efficacy.

On the basis of experimental data obtained during the
last decade (3–11) and on the average antioxidant capacity
of human blood, we have determined the so-called ‘thera-
peutic window,’ that is the range of ozone concentrations
(expressed as mg/mL of gas per mL of blood) within which
ozone can exert therapeutic effects without toxicity with re-
gard to major AHT. The range is surprisingly wide: 10–15
mg/mL as a minimum and 80 mg/mL as a maximum. Above
90 mg/mL, an incipient hemolysis (4–5%) warns about tox-
icity. The threshold level varies between 15 and 20 mg/mL,
depending upon the individual antioxidant capacity. The
scheme presented in Figure 2 is meant to illustrate the
breadth of action expressed by the ozonated blood through-
out the whole organism.

It is clear that the ozone oxidative activity is efficiently
counteracted by the wealth of plasmatic and intracellular
antioxidants so that an ozone concentration of 5–10 mg/mL
per mL of blood is practically neutralized: only a trace
of ROS and LOPs become detectable and therefore, at this
very low level of ozonation, AHT may only have a placebo

Figure 2. Ozonated blood, after reinfusion into the donor patient, is distributed throughout the whole organism. Erythrocytes continue to circulate in the

vascular system delivering more oxygen into ischemic areas while leukocytes, migrated through post-capillary venules into various organs, slowly induce

an immune response. Platelets will release their hormonal contents into the blood and will disappear. The reinfused LOPs undergo dilution into about 3

L plasma and 9–11 L interstitial fluid but will deliver the message of an acute oxidative stress to the whole body.
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effect. As we are particularly conscious of ozone toxicity,
we always apply the strategy ‘‘start low go slow’’ and, de-
pending on the stage of the disease and the patient’s con-
dition, we usually scale up the concentrations from 15,
then 20, 30 and 40 mg/mL, and more when necessary, dur-
ing the 1st, 2nd, 3rd and 4th weeks, respectively. By using
this strategy, after many thousands of autotransfusions, we
have never recorded any acute or chronic toxicity. The ve-
nous puncture is usually well tolerated because it is per-
formed with a G19 Butterfly needle (quite suitable for
withdrawing blood into the glass bottle under vacuum)
that remains inserted throughout the 35–40 min treatment.
However, a small percentage of women have a very poor
venous access: in this case we can select one of the fol-
lowing three options: rectal insufflation of gas, body expo-
sure to gas, or the slow infusion into a visible vein on the
hand dorsum, via a G25–27 needle, of an isotonic glucose
solution containing a final concentration of 0.03–0.06%
(8.8–17.6 mM) hydrogen peroxide (11,14). This last ap-
proach cannot be as effective as the classical ozonated
AHT, but it is useful. We absolutely discourage the use
of ozonated saline because it contains sodium hypochlo-
rite and can cause phlebitis (14).

Normally we perform the treatment bi-weekly but, if
necessary, we can do it every day or even three times daily.

When Ozone Therapy Should Be Used?

Whenever orthodox medicine fails to solve the medical
problem, the physician has the duty to fully inform the pa-
tient of all valid options available before beginning ozone
therapy. I dislike antagonizing ozone therapy to orthodox
medicine because I believe that there is only good medi-
cine, which is the one that is able to cure the patient.

So far our experience is ample only for chronic limb
ischemia (11,42–45), cutaneous chronic ulcers due to is-
chemia and diabetes (10,11), and in the atrophic form of
age-related macular degeneration (ARMD) (11). In chronic
limb ischemia, the orthodox treatment is performed by
prostanoid infusions, but the benefit is inferior and far more
expensive than ozone therapy. Ozone therapy really helps
about 70% of the ARMD (dry form) patients (11) because
there is no other conventional option. The neovascular, ex-
udative (or wet form) must be first treated with photody-
namic therapy (46) or radiation (47) or with other
experimental approaches based on blocking the activity of
extracellular vascular endothelial growth factor (48).

I will then enumerate other pathologies where ozone
therapy can be proficiently combined with orthodox thera-
pies: 1) Acute and chronic infectious diseases, particularly
due to antibiotic or chemoresistant bacteria, virus and fungi
(11). Even parasitic infections such as giardiasis and cryp-
tosporidiosis have been treated in children by Cuban
physicians after administration of ozonated oil (11). 2)

Osteomyelitis, pleural empyema, peritonitis, abscesses with
fistulae, bed sores, chronic ulcers, diabetic foot, burns,
insect and jellyfish stings, infected wounds, onychomycosis
and candidiasis. These infections, often supported by
antibiotic-resistant bacteria, like methicillin-resistant
Staphyloccocus aureus and poor penetration of antibiotics
into infected areas, are responsible for too many cases of
death occurring in hospitals of even the most advanced
countries. In such cases, ozonated AHT associated with
the topical application of ozonated olive or sunflower oils
allows a rapid disinfection and enhances healing tremen-
dously. Unfortunately, the use of ozonated oils is hardly
known and a detailed description of their preparation, appli-
cation and results is reported in my most recent book (11).
It is most interesting that ozone, an unstable gas, can be sta-
bly trapped as an ozonide between a double bond of a
PUFA : dðCH2Þ7dO3dðCH2Þ7CH3. When the ozonated
oil is layered over the ulcer’s exudate at the oil2water
interface, the ozone moves slowly into the water and, by
reacting with biomolecules, generates a steady flow of
H2O2. The effects of sterilization and improved oxygena-
tion are responsible for the accelerated cicatrization. In
comparison to pharmaceutical creams often containing
useless antibiotics and growth factors, once ozonated oil
is known and used, it will be extremely beneficial to mil-
lions of patients. 3) Herpetic infections (HHVI and II),
herpes zoster and papillomavirus infection. The modality
of the intramuscular injection of minor ozonated AHT,
used as an autovaccine and associated with the topical
therapy with ozonated oil, is very effective in preventing
relapse of herpetic infections. This approach, particularly
when used in combination with the acyclovirs, can cure
herpetic infections in the majority of patients (11). It must
be mentioned that a new vaccine can significantly reduce
the incidence of herpes zoster infection and post-herpetic
neuralgia (49). Chronic hepatitis-C and HIV infections,
whenever possible, must be basically treated with either
PEG-interferon alpha 1 ribavirin or highly active anti-ret-
roviral therapy, respectively, because these drug combina-
tions usually lower the viral load rapidly. However, ozone
therapy could be simultaneously performed as a useful ad-
juvant treatment (11). 4) Autoimmune diseases (multiple
sclerosis, rheumatoid arthritis, Crohn’s disease): results
with AHT seem encouraging but are anecdotal. 5) Other
chronic ischemic diseases (cerebral and heart ischemia).
Ozone therapy exerts beneficial effects because it can a)
increase oxygen, glucose and ATP delivery within ische-
mic tissues, b) enhance neoangiogenesis and possibly
facilitate the implantation of bone marrow stem cells,
which can provide neovascularization and tissue regenera-
tion, c) induce the preconditioning phenomena by upregu-
lating the expression of antioxidant enzymes and heme
oxygenase I and d) trigger a neurohumoral response for im-
proving quality of life. Our preliminary study (11) in end-
stage cardiopathic patients, when either transplantation or
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surgical revascularization was no longer feasible, has
already shown that ozone therapy combined with the con-
ventional best medical therapy can improve a gloomy prog-
nosis. 6) Degenerative disorders: AHT helps patients in
the early phase of senile dementia. On the other hand, it is
rarely and minimally useful in diabetic retinopathy, retinitis
pigmentosa, sudden hearing loss and chronic tinnitus. 7)
Pulmonary diseases: emphysema, asthma, chronic obstruc-
tive pulmonary disease (COPD) and acute respiratory dis-
tress syndrome. COPD is becoming the fourth cause of
death in spite of orthodox therapy based on the inhaled com-
bination of corticosteroids plus long-acting b2-agonists and
antibiotics, when necessary (50). Unfortunately these drugs,
if prolonging the patient’s life, do not arrest the progression
of the disease. The rationale for using ozone therapy is
briefly based upon a) blood reinfusion, LOPs, present in
low concentrations act on the vast endothelial surface
and enhance the release of prostacyclin and NO while re-
lease of endothelin-1 is depressed (8,15). It is known that
the release of NO and S-nitrosothiols represents the phys-
iological mechanism for vasodilation (51,52) and contrasts
the release of the anion superoxide, which causes vaso-
constriction and deploys negative influences on platelets
and endothelial cells. Secondly, the delivery of oxygen
in ischemic tissues is enhanced and the progressive in-
crease of antioxidant enzymes and heme oxygenase-1
counteracts the chronic oxidative stress, typical of pulmo-
nary diseases. Moreover, the mild stimulation of the im-
mune system helps to contain recurrent and chronic
pulmonary infections. Recently, I have been able to treat
advanced COPD patients with very encouraging results
demonstrated by a marked improvement of the respiratory
parameters and the walking test (11). 8) Terminal ne-
phropathies are progressively worsened by a chronic oxi-
dative stress not yet controllable by orthodox medicine
and therefore ozone therapy could stabilize this serious
dysfunction and improve the quality of life of these pa-
tients (11). 9) In a similar manner, ozonated AHT com-
bined with topical application of ozonated oil is proving
to be very useful in the metabolic syndrome well exempli-
fied in patients with type 2 diabetes suffering from chron-
ic ulcers with no tendency to heal (11). There is no doubt
that patients prefer ozone therapy to hyperbaric oxygen
and local larval (maggot) therapy (53). Needless to say,
we must continue to strictly control the glycemic level.
9) Skin diseases (psoriasis, atopic dermatitis): available
data seem positive but there are no randomized studies.
10) Chemoresistant metastatic cancer; therapy of cancer-
related fatigue: we have reported (11,54) that a 6-month,
biweekly, ozone therapy session in preterminal patients
previously heavily treated with chemo- or/and radiothera-
py does improve their quality of life but is unable to block
cancer progression. On the other hand, ozone therapy may
be far more useful immediately after surgery, possibly
combined with chemo- or/and radiotherapy. Not only

could it potentiate the effect of the cytotoxic drugs but
by inducing the antioxidant response, it could reduce che-
motoxicity (55). It is deplorable that oncologists do not
want to cooperate and want to apply only their protocols.
Meantime, even if survival is moderately prolonged at the
cost of a poor quality of life, the mortality remains very
high. Peter Boyle, Director of the International Agency
for Cancer Research in Lyon, France has communicated
that in Europe, in 2004, new cancer cases amounted to
2.9 million with over 1.7 million deaths. These impressive
numbers indicate that the war on cancer remains wide
open and that a skeptical attitude against the use of ozone
therapy is unjustified. 11) Orthopedic diseases (the prob-
lem of backache): the direct intradiscal injection of oxy-
gen-ozone is a great success in about 75% of patients
(11,56) and is one of the few modern techniques able to
solve the problem of a hernial disc with a mini-invasive
approach. The indirect procedure that I defined as a
‘‘chemical acupuncture’’ consists of injecting 10-20 mL
of gas into the paravertebral muscle corresponding to
the metameres of the disc; it is also effective in about
two thirds of patients but, in this case, the mechanism
of action is linked to the activation of the antinociceptor
system. The gas injection appears also effective in allevi-
ating osteoarthrosis and several other joint–tendinitis
affections. 12) Chronic fatigue syndrome and fibromyal-
gia: AHT has been found beneficial in the majority of pa-
tients (11). 13) Dentistry and stomatology: ozone has been
found very useful for treating primary root carious lesions
(57). Moreover, local application of ozonated oil in aph-
thous ulcers (cold sores) occurring on the tongue, lips
and cheeks of many people allows an extremely rapid
healing and disappearance of pain (11). 14) Emergency
situations such as those occurring after extensive trauma,
burns, acute peritonitis and toxic sepsis often lead to mul-
tiple organ failure and death. The combination of the best
orthodox therapy with three to four daily mild ozonated
major AHT can prevent or reduce the worsening of the
metabolic impairments and reduce mortality. Moreover,
patients waiting for organ (particularly heart) transplanta-
tion may improve resistance to infections and immunesup-
pression (due to anesthesia and surgery) if they could
undergo six to eight major and minor AHTs presumably
during 6–15 days before surgery. During heart transplanta-
tion, organs such as the brain and kidneys may be dam-
aged by the ischemia reperfusion syndrome that can be
attenuated by previous adaptation to oxidative stress. A
similar concept could be adopted for scheduled complex
operation or application of joint implants. This sort of
prophylactic ozone therapy, with little effort and expense,
may reduce the risk of infections, shorten the hospitaliza-
tion and save money. However, the implementation of the
prophylactic ozone therapy remains a dream in so far as
World Health Authorities remain aloof and entangled in
economic and political problems.
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Hyperbaric Oxygen Therapy (HOT)
and Ozone Therapy

It appears relevant to briefly clarify the validity and scopes
of these two different approaches. In the hyperbaric cham-
ber, the breathing of pure oxygen at 2.6 atmospheres greatly
increases the solubilization of oxygen in the plasma (about
5 mL/dL) so that the dissolved oxygen is sufficient to sat-
isfy the cellular requirements even in ischemic tissues. That
is the reason why patients with chronic limb ischemia, or
with diabetic foot, or ARMD often undergo HOT. Unfortu-
nately, this is only a palliative treatment because, after 2 h,
as soon as the patient comes out of the chamber, hypoxia
resumes in the ischemic areas and the therapeutic effect
is minimal and temporary. On the other hand, during ozone
therapy, while the hyperoxygenation of the reinfused blood
has a negligible relevance, the ozone triggers a series of bi-
ological mechanisms that lead to normalizing the delivery
of oxygen for several days with consequent therapeutic ef-
fects. Two excellent reviews (58–59) clarify the exclusive
role of HOT in air embolism, decompression sickness,
CO-poisoning and clostridial myonecrosis but, regrettably,
do not examine the relevance of ozone therapy. Indeed, they
objectively report that HOT may be useful in chronic limb,
heart and cerebral ischemia, autoimmune colitis, sickle cell
anemia, chronic osteomyelitis, ARMD, diabetic foot, ther-
mal burns, extensive chronic ulcers and bed sores, but the
actual evidence is flawed and anecdotal. All of these latter
conditions can instead greatly benefit by the use of paren-
teral (and when necessary topical) ozone therapy because
the multiple mechanisms of action of ozone can correct pa-
thologies linked to ischemia, infections, delayed healing
and chronic oxidative stress (reviewed in Reference 11).
In conclusion, both HOT and ozone therapy are important,
but it is necessary to understand that their respective field of
application is different and each approach must be used
profitably only in selected pathologies.

Conclusions and Perspectives

I often ask myself if ozone therapy is obsolete or worth-
while being pursued. Our many treated patients answer
for me and they loudly say that it is very beneficial. The
compliance is excellent and the patients, as soon as the ther-
apeutic effect declines, ask for a new cycle. This is an ex-
cellent proof that provided we are using judicious ozone
concentrations, there is neither acute nor chronic toxicity.
It has been unfortunate that, in the past, the direct intrave-
nous injection of the gas, now prohibited, and misuse of
ozone by incompetent quacks has generated the dogma that
ozone is toxic and should not be used in medicine. This
concept is wrong and has also been based first on non-phys-
iological studies (60) performed in washed erythrocytes,
hence unprotected by the plasma antioxidants and second,
in not recognizing the profound difference between the
endogenous chronic oxidative stress, occurring every day

during a lifetime or during a chronic disease, and the calcu-
lated, extremely brief and exogenous oxidative stress that
we induce on blood by using a precise and small ozone
dose. We know that any drug, depending upon its dosage,
can be either therapeutic or toxic. The following elementary
observation is even more compelling: the normal glucose
concentration in the plasma ranges between 0.7 and
1 mg/mL and is essential for survival. However, when this
concentration falls below 0.4 mg/mL, the consequent hypo-
glycemic coma can be deadly. On the other hand, if the glu-
cose concentration remains constantly above 1.3 mg/mL, it
induces the metabolic syndrome, as is well exemplified by
the current diabetic epidemic. Thus, the dogma about ozone
toxicity is futile because, after millions of treatments, we
have never observed any acute or chronic toxicity. More-
over, most of the patients report a feeling of wellness.

Needless to say, ozone therapy does not ‘‘cure’’ ARMD
or other chronic pathologies but, by performing the mainte-
nance therapy, it does improve the condition and maintain
a good quality of life. On the other hand, even orthodox
medicine, with the exception of several infectious diseases
thanks to antibiotics, antivirals, antibodies and vaccines
and far less frequently of cancer thanks to surgery/chemo-
therapy, is unable to "cure" most human diseases such as
atherosclerosis, advanced cancer, diabetes, degenerative,
metabolic and autoimmune diseases.

We are certainly not blinded by ozone therapy but the
great strides of molecular biology and gene therapy during
the last decade have not yet been paralleled by comparable
advances in therapeutic innovations and many unforeseen
difficulties still have to be overcome (61). I do not want
to diminish scientific achievements but simply to point
out that we are often unable to predict the pitfalls when
new treatments are applied from mice to patients. This is
probably one reason for the worldwide boom of comple-
mentary medicine, not only in underdeveloped countries
but also in the U.S. Patients, as human beings, are often dis-
appointed by the high-tech therapist. Moreover, conven-
tional therapy often has side effects, and about 55,000
Americans may have died as a result of taking the now
infamous Vioxx (62,63).

Ozone therapy is capturing increasing attention all over
the world, since our studies reported in two books (10,11)
have clarified the main biochemical mechanisms of action
and the real possibility of taming ozone toxicity. We now
have the first comprehensive framework for understanding
and recommending ozone therapy in a few diseases as a first
choice and in combination with orthodox therapy in many
others. Indeed, one important characteristic of ozone thera-
py is that it can be experimentally verified both at the bio-
chemical and clinical levels.

So far, the most advanced and reliable approach has
been the major ozonated AHT but today we also have other
technical possibilities and we can select the optimal method
for different pathologies. As far as chronic diseases are
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concerned, the problem is that official medicine tends to
treat symptoms rather than the cause(s) of the disease. Be-
sides the fact that the etiology is too complex or remains
obscure, the treatment is often limited and remains unsatis-
factory. On the other hand, a simple gaseous molecule like
ozone, that probably is even produced in vivo (64), by act-
ing on many targets, at least in part can recover functional
activities that have gone astray. We have good reasons to
believe that the therapeutic power of ozone therapy consists
of simultaneously improving circulation and oxygen deliv-
ery, in enhancing the release of autacoids, growth factors
and cytokines and in reducing the endogenous, chronic ox-
idative stress. In other words, ozone therapy seems to act as
a biological response modifier.

Finally, I cannot omit mentioning some drawbacks. Al-
though the cost of ozone is very low, it represents an im-
practical drug because it is unstable and cannot be stored
in any form. However, by using a portable ozone generator
we can perform domiciliary AHT treatments, useful for the
elderly and for those patients with chronic diseases. More-
over, rectal insufflation of gas can be easily done by the
patient at home, under the ozone therapist’s supervision.
Topical therapy of chronic ulcers and infectious wounds
with ozonated oil is very practical and easy because we
have standard and stable preparations. The last, but certain-
ly not the least, problem is the lack of financial support for
performing controlled and randomized clinical trials, whose
results are critical and urgently needed to prove the validity
and atoxicity of ozone therapy in various diseases. Objec-
tive results from clinical studies represent the unique possi-
bility of convincing the biased opponents of this approach.
The private ozone therapist, or even the small existing na-
tional associations, in comparison to the pharmaceutical in-
dustries that can register an annual profit of 340 billion
dollars, have no financial power and how can an ant com-
pete with an elephant? Really, we do not want to compete
with official medicine, but only help patients to regain
health.
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Short Communication 

Is it true that ozone is always toxic?
The end of a dogma 
VELIO BOCCI

Department of Physiology, University of Siena; Siena, Italy 
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Abstract

There are a number of good experimental 
studies showing that exposure by inhalation 
to prolonged tropospheric ozone damages 
the respiratory system and extrapulmonary 
organs. The skin, if extensively exposed, may 
also contribute to the damage. The undoubtful 
strong reactivity of ozone has contributed to 
establish the dogma that ozone is always toxic 
and its medical application must be proscribed. 
Although it is less known, judiciously practiced 
ozonetherapy is becoming very useful either on 
its own or applied in combination with ortho-
dox medicine in a broad range of pathologies. 
The opponents of ozonetherapy base their 
judgment on the ozone chemistry, and physi-
cians, without any knowledge of the problem, 
are often skeptical. During the last 15 years, a 
clear understanding of the action of ozone in 
biology and medicine has been gained, allow-
ing today to argue if it is true that ozone is 
always toxic. The fundamental points that are 
discussed in this paper are: the topography, 
anatomical and biochemical characteristics of 
the organs daily exposed to ozone versus the 
potent antioxidant capacity of blood exposed 
to a small and precisely calculated dose of 

ozone only for a few minutes. It is becoming 
clear how the respiratory system undergoing a 
chronic oxidative stress can release slowly, but 
steadily, a huge amount of toxic compounds 
able to enter the circulation and cause serious 
damage. The aim of this paper is to objectively 
evaluate this controversial issue. 

Prof. V. Bocci
Department of Physiology
University of Siena
Via A. Moro 2
53100 Siena
Italy
E-mail: bocci@unisi.it

Reprinted with permission from: © 2006 Elsevier Inc. - Toxicology Appl. Pharmacol., 2006 Jun 27; Epub ahead of print 
Elsevier Full-Text Article.
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Plasma Concentrations of Thiols and 
Malondialdehyde in Patients with
Age-Related Macular Degeneration
Treated by Major Ozonated 
Autohaemotherapy

E. BORRELLI
Postgraduate Course in Oxygen-Ozone Therapy, University of Siena; Siena, Italy
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SUMMARY - We measured the plasma levels of SH protein and malondialdehyde expressed as 
thiobarbituric acid reactive substances (TBARS) in 15 healthy subjects and in 15 patients with age-re-
lated macular degeneration before and after treatment with major ozonated autohaemotherapy. Patients 
showed an increase in SH protein groups and a decrease of TBARS after 12 sessions of major ozonated 
autohaemotherapy, with an improvement in quality of life.

Introduction

Age-related macular degeneration (AMD) is an 
acquired degenerative disease of the retina affect-
ing individuals over the age of 55 years. The disease 
has a major social impact as it is a leading cause of 
blindness in the Western world. Changes in central 
vision at onset and during the disease course cause 
considerable disability and have a major impact on 
quality of life 1,2.

The causes of AMD are multifactorial and in 
addition to age risk factors include arterial hyper-
tension, obesity and a diet poor in antioxidants.

Oxidative neurotoxic damage to the retinal pig-
ment epithelium plays an important role in AMD 
pathogenesis with the formation of free radicals 
in the retina. AMD can therefore be considered a 
disease caused by chronic oxidative stress in which 
pathological changes occur following the imbal-
ance between the body’s antioxidant and oxidant 
substances.

Treatment to date has consisted in the adminis-
tration of antioxidant supplements, but no studies 
have yet demonstrated the true benefits of vitamin 
and mineral intake in patients with AMD 3. Many 
AMD patients have been treated at our institution 
using major ozonated autohaemotherapy (MAHT) 
with the aim of reducing chronic oxidative stress. 
To assess possible changes in plasma antioxidant 
and oxidant levels during ozone therapy, we meas-
ured some indices of the redox balance like plasma 

thiols – the main antioxidants against free radicals, 
and plasma malondialdehyde expressed as thiobar-
bituric acid reactive substances (TBARS), deemed 
an important index of lipid peroxidation.

We report the basal values of thiols and malond-
ialdehyde in healthy subjects and AMD patients 
and the changes in the redox balance measured 
after MAHT in AMD patients.

Materials and Methods

Fifteen healthy control subjects (group 1) and 
15 patients with age-related macular degeneration 
(group 2) were enrolled in the study. Control sub-
jects were matched with AMD patients in terms of 
age, sex and anthropometric characteristics.

Three ml of blood were taken from all subjects 
in groups 1 and 2 and centrifuged. SH protein 
groups and malondialdehyde were measured and 
expressed as thiobarbituric acid reactive substanc-
es (TBARS) as reported elsewhere 4.

Group 2 patients underwent a cycle of 12 twice 
weekly treatments of MAHT at an ozone con-
centration of 60 mg/ ml. At the end of the twelfth 
treatment session blood samples were taken to 
measure SH protein groups and plasma malondi-
aldehyde.

All patients completed the cycle of treatment 
without no side-effects and with a general improve-
ment in quality of life.



106

Plasma Concentrations of Thiols and Malondialdehyde in Patients with Age-Related Macular Degeneration ... E. Borrelli

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

1

GROUP

S
H

 P
R

O
T

E
IN

 (
μ

m
/m

l)

GROUP 1
GROUP 2

∗

Figure 1  Protein SH values in the control group (group 1) and in AMD patents (group 2): p< 0.05 between the two groups.
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Figure 2  Malondialdehyde values (TBARS) in the control group (group 1) and in AMD patents (group 2): p< 0.05 between the two 
groups.
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Figure 3  Comparison between values of SH protein before and after the cycle of major ozonated autohaemotherapy (pre MAHT 
– post MAHT) in AMD patients: p< 0.05.
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MAHT) in AMD patients: p not significant.
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Statistics

The comparisons between groups before and 
after MAHT were done using Student’s test for 
paired data. Values with p < 0.05 were considered 
significant. 

Results

Results are summarised in figures 1- 4. Figures 1 
and 2 show a significant difference between basal 
values of protein SH groups and malondialdehyde 
in controls with respect to AMD patients. Figures 3 
and 4 depict the changes in protein SH groups and 
TBARS before and after MAHT: the SH protein 
rose significantly at the end of the treatment cycle, 
whereas the increase in TBARS was not significant 
given the wide interindividual variability of plasma 
malondialdehyde which in any case decreased at 
the end of MAHT.

Discussion

Age-related macular degeneration is universally 
considered a disease of chronic oxidative stress in 
which the retina is the main target of free radicals. 
This study disclosed a clear-cut drop in plasma thi-
ols and an increase in malondialdehyde before the 
start of MAHT with respect to control values. This 

difference only reached statistical significance for 
plasma thiols due to the wide interindividual vari-
ability of TBARS.

This basic difference suggests that the antioxi-
dant titre of each individual should be measured 
before ozone therapy as a presumed value of oxi-
dative indices cannot be used. 

The lack of an effective official medical protocol 
for the treatment of AMD justifies attempts to use 
MAHT to treat age-related macular degeneration. 
Our results showed an improvement in quality 
of life in almost all patients following MAHT, a 
particularly encouraging outcome since AMD is a 
highly disabling disease.

The biochemical mechanisms underlying the suc-
cess of MAHT are probably linked to an increase 
in endogenous antioxidants and a decreased pro-
duction of reactive oxygen species (ROS), as 
confirmed by our measurements of plasma thiols 
and malondialdehyde before and after MAHT.  
Alongside the change in the redox balance, MAHT 
and other ozone therapies change the biological 
response by interacting with other systems includ-
ing the immune, inflammatory and blood coagula-
tions systems 5,6.

The lack of side-effects and its relative simplicity 
make major ozonated autohaemotherapy a valid 
alternative treatment for AMD patients. Further 
studies are required to assess possible alternative 
treatment protocols in terms of ozone concentra-
tion and treatment duration.
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SUMMARY - We evaluated the therapeutic outcome of CT-guided ozone treatment for cervical disc 
herniation. All 86 patients with cervical spondylosis including myelopathy (37 cases), radiculopathy (30 
cases), and sympathetic type (19 cases) were treated with ozone injection under CT guidance. The punc-
ture route was anterolateral from the neck to the disk. A total of 2-7 ml of ozone at a concentration of 60 
µg/ml were injected into the disk and 5 ml of ozone at a concentration of 40 µg/ml were injected into the 
paraspinal tissue. Therapeutic outcome was assessed three months after treatment by using a modified 
MacNab method. After injection of ozone, CT scan showed that ozone was distributed in the disk and 
extruded disk material in myelopathy and radiculopathy after injection, and distributed in the anterior 
peridural space and perivertebral body in sympathetic type. The excellent, good and poor clinical efficacy 
rates were 78%, 16% and 6% respectively three months after treatment. CT guided ozone injection is an 
accurate, safe and effective method in the treatment of cervical disc herniation.

Introduction

Non invasive procedures, minimally invasive 
percutaneous injection, and surgery represent the 
gamut of treatments available in the management 
of cervical disk herniation. Noninvasive treat-
ments are usually the first choice in most cases, but 
when patients fail to respond, minimally invasive 
percutaneous injection or surgery is warranted. 
Minimally invasive treatments were developed to 
offer good clinical results combined with a well-
tolerated low-cost procedure. In recent years, these 
procedures were further boosted due to the fol-
lowing drawbacks of traditional surgical therapy: 
significant soft-tissue injury, extensive hospitaliza-
tion, and recovery time of six weeks or longer.

The most promising method to date in terms 
of simplicity and minimal invasiveness is ozone 
therapy 1,2. Ozone is used in medicine to treat dif-
ferent conditions based on its biologic effects: 
oxidization, bactericide, fungicide, and virustatic, 
immuno-modulating action, analgesic and anti-
inflammatory effects 3-5. A vast bibliography on the 
topic can be found in a recent study on how ozone 
therapy works 3. As for herniated disk, a reduc-
tion in volume is one of the therapeutic aims of 
intradiscal administration of medical ozone, as disk 
shrinkage may reduce nerve root compression. 
Another reason for using medical ozone to treat 

disk herniation is its analgesic and anti-inflamma-
tory effects. 

This article assesses the results obtained in 
treating 86 patients with ozone injection under 
CT guidance, the guiding modality, puncture route, 
ozone concentration and dose, imaging changes 
in post-treatment and outcome of combination of 
various treatments.

Material and Methods

Patient Population

From January 2002 to December 2005, 86 
patients (57 males, 29 females) aged 36-72 years 
(mean 52 years) received CT guided ozone injec-
tion. The levels of involvement were 11 at C3-4, 
17 at C4-5, 32 at C5-6, 23 at C6-7, and 3 at C7-T1. 
The cases were classified into myelopathy type 
(37 cases), radiculopathy type (30 cases), and 
sympathetic type (19 cases); vertebral arterial type 
was not included in this study. The indications 
for injection were: (a) neck pain with radiation 
down the arm; (b) symptoms and signs of sensory 
loss, tingling, numbness, muscle weakness, and/or 
decreased deep tendon reflexes; (c) MRI or CT 
findings of no cervical spinal canal bony stenosis 
or lateral recess stenosis, no ossification of poste-
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rior longitudinal ligament (OPLL) and ligament 
flavum and no malacia of spinal cord; (d) positive 
electromyography and/or nerve conduction stud-
ies; and (e) no improvement after 12 weeks of con-
servative therapy. According to the policies of our 
hospital review board, approval was not required 
for this retrospective analysis. 

Procedure

Puncture approach

Before the procedure, all patients were fully 
informed about the anticipated benefits and poten-
tial risks of the procedure, including the possibility 
of recurrence of radicular symptoms during injec-
tion and/or transient exacerbation after treat-
ment. The patients were placed comfortably in a 
supine position on the CT table with their arms 
at their sides and an anterolateral approach was 
used. Two-millimeter, axial, contiguous scans were 
obtained to locate and mark the puncture site. The 
distance from this point to the disc, puncture angle 
and puncture depth were subsequently measured. 
After the injection site was disinfected and local 
anesthesia applied using 0.1% lidocaine hydro-
chloride, a 22-gauge spinal needle was introduced 
by an anterolateral approach (with the vertebral 
artery located to avoid it) and gently pushed into 
the herniated vertebral disc under CT control. 
The puncture route differed at different levels of 
cervical disc, for cervical disc 3-4, the needle was 
introduced between the parapharyngeal space and 
the medial margin of the cervical arterial sheath; 
for cervical disc 4-5, the needle was introduced 
between the lateral margin of lamina of thyroid 
cartilage and the medial margin of the cervical 
arterial sheath; for cervical discs 5-6 and 6-7, the 
needle was introduced between the lateral margin 
of thyroid gland and the medial margin of the 
cervical arterial sheath. In addition, ozone injec-
tion into paraspinal muscles was performed on 
11 patients with neck pain one week later after 
intradiscal injection.

Dose and concentration of ozone

After CT scanning to check correct needle place-
ment, 2 mL 60 µg/ mL ozone with 5 mL syringe 
from an ozone generator (CHY-11- ozone gen-
erator, YiDeKang medical Technology Co., Ltd., 
Shandong province, China and Hyper-Medozon 
Comfort ozone generator, Herrmann Apparatebau 
GmbH, Germany) were pumped and injected into 
the nucleus pulposus of the disc repeatedly until 
the correct distribution of the gas was checked 

by CT scanning. The needle was then pulled out, 
the puncture site was sterilized and dressed. The 
concentration of ozone injected into paraspinal 
muscles was 40 µg/ ml and the total dose was not 
more than 10 mL. At the end of treatment, patients 
were discharged with collar securing and antibiot-
ics administration for three to five days. 

Clinical outcome was assessed three months 
after treatment by applying the modified MacNab 
method (table 1). Results were evaluated using a 
questionnaire and direct patient interviews. 

 
Table 1: Modified MacNab method for assessing clinical out-

come after ozone therapy

 Outcome Description

 Excellent Disappearance of symptoms
  complete recovery of working
  and sports activities

 Good Occasional episodes of low
  back pain or sciatica or no
  limitations of occupational activities

 Poor Insufficient improvement of
  symptoms or periodic
  administration of drugs or
  limitation of physical activities

Results

All patients were punctured successfully guided 
by CT with intradiscal injection dose of 3-7 ml 
ozone (mean 4 ml). CT scan showed that only a 
small amount of ozone accumulated in the disc 
and a great deal of ozone flowed out of the cranny 
of the annulus fibrosus and into the paraspinal 
space, perivertebral artery and peridural space. 
Hypoattenuation gas was shown in the extruded 
disc material on CT scan after injection in myelop-
athy type (figures 1-2), peri-extruded disc material 
and nerve root in radiculopathy type (figure 3), 
anterior peridural space and perivertebral body 
in sympathetic type (figure 4), and intramuscular 
space and posterior peridural space in cases receiv-
ing posterolateral paraspinal injection of ozone 
(figure 5). The excellent, good and poor clinical 
efficacy rates were 78%, 16% and 6% respectively 
three months after treatment. 

Discussion

The initial pathologic change of spondylosis is 
disk degeneration, and then crack formation of 
annulus fibrosis. This results in displacement of the 
nucleus pulposus through a crack in the annulus 
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A B

Figure 1  Images in a patient with C4-C5 midline disk herniation (myelopathic type). A) Precontrast CT image at the C4-C5 level 
shows disk herniation (white arrow): the needle (black arrow) into the disk before ozone injection. B) After ozone injection, CT shows 
ozone dispersion into the herniated disk material (black arrow) with local intact annulus fibrosus (black arrowheads). After intradiscal 
injection, ozone is injected into the paraspinal tissue (white curved arrow).

A B

Figure 2  Images in a patient with C5-C6 midline disk herniation (myelopathic type). A) Precontrast CT image at the C5-C6 level 
shows disk herniation (black arrow head): the needle was introduced into the disk (white curved arrow) between the lateral margin 
of the thyroid gland and the medial margin of the cervical arterial sheath before ozone injection. B) After ozone injection, CT shows 
ozone distribution into the disk (white arrow), the herniated disk material (white arrowheads) and right paraspinal tissue and periver-
tebral arterial space (white curved arrow).

fibrosis, and then compression on the nerves or 
spinal cord causing radiculopathy and myelopathy. 
Repeated chronic trauma, injury and accumula-
tion of local metabolic products and inflammatory 
factors may irritate the radicular and sympathetic 
nerves and cause clinical syndromes. With further 

degeneration, the uncinate process and facet joints 
hypertrophy and ossification of the posterior lon-
gitudinal ligament also occur, forming osteophytic 
bars, hypertrophy of ligaments and stenosis of the 
spinal canal. Clinically, cervical spondylosis may be 
classified as cervical type, myelopathic type, radic-
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ulopathic type, sympathetic type and vertebral 
arterial type. These syndromes may be overlapping 
or distinct 6. Patients are often reluctant to receive 
traditional surgical therapy due to the following 
drawbacks: significant soft-tissue injury, extensive 
hospitalization, and recovery time of six weeks 
or longer. Ozone injection is commonly used for 
early and medial stages of cervical spondylosis. The 
proper concentration and dose of ozone injected 
into the disk can oxidize the nucleus pulposus and 

reduce pressure on the disk. This may lead to a 
return of protruded disk material or a reduction 
of nerve root compression. Ozone injected into 
perispinal tissue may exert its analgesic and anti-
inflammatory effects, and improve local microcir-
culation, increasing the supply of oxygen due to 
reduced venous stasis caused by disk compression 
of vessels, at the same time, reducing hypoxia due 
to deoxidization of ozone into oxygen. Ozone injec-
tion, due to its minimal invasion, simple procedure, 

A B

Figure 3  Images in a patient with C6-C7 left paramidline disk herniation (radiculopathic type). A) Precontrast CT image at the C6-
C7 level shows left posterolateral disk herniation with left nerve root compression (white arrow): the needle was introduced into disk 
(black arrow) through a left anterolateral approach before ozone injection. B) After pushing ahead the needle 5 mm and injection of 
3 ml 60 ug/ml ozone, CT shows ozone dispersion into the herniated disk material (white arrowheads).

A B

Figure 4  Images in a patient with C4-C5 disk bulging (sympathetic type). A) Precontrast CT image at the C4-C5 level shows disk 
bulging (black arrowhead): the needle was introduced into the disk (white arrow) through a right anterolateral approach before ozone 
injection. B) After injection of ozone, CT shows ozone dispersion into the anterior peridural space (white arrow) and bilateral paraspi-
nal tissue (white curved arrow).
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efficacy and safety, is widely focused. The various 
imaging modality guidance techniques offer dif-
ferent advantages, C-armed X-rays fluorescence 
has a real-time visualization but cannot display the 
distribution of ozone. CT provides accurate guid-
ance by measurement of software and experienced 
manipulation by the operator but has no real-time 
visualization. Cervical intradisk ozone injection 
through an anterolateral approach requires a two-
degree cephalic tilt of the needle so as to puncture 
the disk precisely and requires manipulator skill 
and has a good spatial vision for fear of punctur-
ing the endplate. A 5 to 15 degree cephalic tilt of 
the needle should be made according to the supine 
degree of the patient's head, and the CT gantry 
should be tilted parallel to the axial position of the 
disk and the needle should penetrate the disk par-
allel to its level. Due to the needle insertion into 
the disk between the medial margin of the cervical 
arterial sheath and the midline, the angle of punc-
ture is determined by distance between the medial 
margin of the cervical arterial sheath and the 
lateral margin of the vertebral body. A 45 degree 
cephalic tilt of the needle should be made for cervi-
cal disks 4-5 and 5-6; a greater degrees cephalic tilt 
should be made for cervical disk 6-7 due to greater 
distance between the medial margin of the cervical 
arterial sheath and the lateral margin of the verte-
bral body; a lesser degree from 35 to 40 cephalic 
tilt should be made for cervical disk 3-4 due to 
the shorter distance between the parapharyngeal 
space and the medial margin of the cervical arte-
rial sheath, and the puncture should be more cau-
tious for fear of piercing the pharyngeal mucous 
membrane and causing infection of the paraspinal 
space. The cervical arterial sheath should be manu-
ally displaced laterally with the middle finger and 
first finger (the apophysis of the bulging disc can 
be touched in thin patients), and then the needle is 
inserted dorsally to the middle finger and the first 
finger into the disk. When the needle reaches the 
annulus fibrosis, there is a resistance, and then the 
needle is gently pushed into the disk to a depth of 
3 mm for fear of piercing the posterior part of the 
annulus fibrosis. CT scanning should be performed 
to determine and adjust the tip of the needle in the 
central part of the disk. 

The ozone capacitance of the cervical disk is 
relatively small due to its smaller volume com-
pared to the lumbar disk. Injection into the central 
part of the disk may help the dispersal of ozone to 
protruded disk material. After injection, there is 
hypoattenuating gas pervading into the protruded 
disk material, then the annulus fibrosis can be 
displayed clearly at CT. However, the injection 
pressure should be gentle for fear of the iatro-
genic rupture of the annulus fibrosis. In this study, 

ozone pervading into the protruded disk material 
was clearly displayed at CT in the cervical disk 
herniation of myelopathic type and radiculopathic 
type. If the annulus fibrosis is ruptured, the injec-
tion pressure will be relatively lower and a small 
quantity (2 mL) and repeat injection should be 
made with intermittent CT scanning observing the 
distribution of ozone. A small deposit of ozone 
in the disk with a great deal of ozone dispersing 
out of the disk will occur in such cases, but it will 
not reduce the treatment efficacy because the 
intradisk nucleus pulposus has been oxidized in 
the process of dispersion of ozone. For the extrud-
ed nucleus pulposus, ozone should be pervaded 
into it in order to obtain a satisfactory efficacy. In 
this study, the needle tip was positioned adjacent 
to protruded disk material and post CT scanning 
showed that ozone diffused into it for patients with 
radiculopathic type. In the puncture process, the 
needle may frequently penetrate into the superior 
and inferior endplate due to narrow cervical disk, 
which has the same handle of penetration into the 
annulus fibrosus. This can be verified by difficult 
injection of ozone and CT scan. But C- armed 
fluoroscopy usually cannot differentiate it and dis-
play the distribution of ozone, so that the injection 
dose of ozone cannot be determined correctly. In 
this study, CT showed no ozone distribution into 
the disk after initial injection in 37 patients, and 
satifactory distribution of ozone was shown at CT 
after adjusting the needle tip adjacent to the herni-
ated disk material. Paraspinal injection of 40 µg/ml 
ozone for the sympathetic type obtained a satisfac-
tory efficacy in 16 out of 19 patients in one week 

Figure 5  Images in a patient with cervical type of spondylosis. 
After paraspinal injection of 10 ml 40 ug/ml ozone, prostrate CT 
scan shows ozone distributed into the paraspinal tissue (white 
curved arrow) and posterior peridural space (white arrowhead).
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and three patients in one month after injection. It 
is very important for obtaining a satisfactory effi-
cacy to strictly select the indications for injection. 
CT findings of osteophytes, ossification of posteri-
or longitudinal ligament and ligament flavum and 
T2 weighted magnetic resonance imaging showing 
malacia of the spinal cord should be considered 
contraindications. Ozone injection should be used 
for early and medial stage cases with slight or 
medial symptoms and without bony spinal stenosis 
and spinal cord injury.

The concentration and dose of ozone is crucial 
for a satisfactory efficacy. Generally speaking, the 
degree of oxidation is positively related to the 
ozone concentration, too low a concentration lack-
ing therapy efficacy and an exorbitant concentra-
tion causing injury to adjacent tissue. The dose of 
ozone administered must not exceed the capacity 
of antioxidant enzymes (superoxide dismutase and 
catalase) and glutathione to prevent accumulation 
of the superoxide anion (O2

-) and hydrogen perox-
ide (H2O2), which can cause cell membrane degra-
dation. Free radicals are mainly formed by ozone 
in a medium with a pH higher than 8, whereas at 
a pH below 7.5 the ozonolysis mechanism prevails, 
mainly leading to the formation of peroxides. In 
our study, the concentration of ozone injected into 
the disc was 60 µg/ml, and the concentration inject-

ed into peri-nerve roots was 40 µg/ ml so as not to 
cause injury. The dose of ozone is determined by 
the degree of dispersion of ozone shown at CT. 

This study had several limitations, including 
the fact that it was uncontrolled. Since it is well 
known that medical treatment may need time to 
be effective in cervical spondylosis, it would be 
important to design randomized controlled trials 
to compare the efficacy of medical treatment and 
injection. However, prospective studies comparing 
treatment regimens are bound to fail because a 
double-blind study design would be hard to apply. 
The small patient population did not permit us 
to evaluate the efficiency of a second injection 
in patients for whom the first procedure did not 
improve the symptoms.

Lastly, our follow-up period was only three 
months, which hindered long-term assessment of 
periradicular corticosteroid injections in cervical 
disk herniation. 

Conclusion

CT-guided ozone injection is a minimally inva-
sive, accurate, safe, and effective method in the 
treatment of cervical disc herniation of early and 
medial stages.

References

 1 Bonetti M, Fontana A, Albertini F: CT-guided oxygen-
ozone treatment for first degree spondylolisthesis and 
spondylolysis. Acta Neurochir Suppl 92: 87-92, 2005.

 2 Alexandre A, Coro L, Azuelos A et Al: Intradiscal injec-
tion of oxygen-ozone gas mixture for the treatment of cer-
vical disc herniations. Acta Neurchir Suppl 92: 79-82, 2005.

 3 Bocci V: Biological and clinical effects of ozone. Has ozone 
therapy a future in medicine? Br J Biomed Sci 56: 270-9, 
1999.

 4 Madej P, Antoszewski Z, Madej JA: Ozonotherapy. Mater  
Med Pol 27: 53-56, 1995.

 5 Iliakis E, Valadakis V, Vynios DH: Rationalization of the 
activity of medical ozone on intervertebral disc: a histo-
logical and biochemical study. Riv Neuroradiol 14: 23-30, 
2001.

 6 Delgado-Lo Pez PD, Rodri Guez-Salazar A, Castilla-Di 
Ez JM et Al: Role of surgery in spinal degenerative dis-
ease. Analysis of systematic reviews on surgical and con-
servative treatments from an evidence-based approach. 
Neurocirugia (Astur) 16: 142-57, 2005.

Dr Yue-Yong Xiao
Department of Radiology
Chinese PLA General Hospital
Beijing 100853 China
E-mail: xiaoyueyong@vip.sina.com
Tel. +86-010-66937754
Fax +86-010-66939784



115

www.centauro.it Rivista Italiana di Ossigeno-Ozonoterapia 5: 109-115, 2006

Editorial Comment

The paper by Dr. Xiao and colleagues and 
their therapeutic results are interesting, but 
the article lends itself to some criticism in the 
light of the international literature.

Their study specifies that treatment was 
administered injecting ozone into the disc at a 
concentration of 60 µg/ml and into the paraspi-
nal tissues at a concentration of 40 µg/ml.

Most authors deem these concentrations to 
be extremely high, especially with reference to 
experimental studies (Muto, Iliakis) in which 
administration of concentrations over 50 µg/ml 
to animals risked damaging the anulus fibrosus 
(Muto’s paper described anatomo-pathologi-
cal preparations showing delamination of the 
anulus to necrosis in swine disc).

In the light of these findings, the quality of 
equipment is crucial.

Nowadays all ozone devices must be certi-
fied and fitted with photometric detectors of 
ozone concentration in the gas mixture.

We advise against administering very high 
ozone concentrations at more than one session 
to ensure full recovery of any microlesions 
caused during treatment.

Dr Matteo Bonetti
Scientific Editor

Servizio di Neuroradiologia
Istituto Clinico Città di Brescia

via Gualla, 15
25100 Brescia

E-mail: matbon@numerica.it
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Introduction

Mixter and Barr presented their classic paper on 
intervertebral disc herniation in 1934 1. Since then, 
laminectomies have been performed with increas-
ing frequency for the treatment of this condition. 
Inevitable complications of such surgical treatment 
have been recognized and they include disc space 
infection known as spondylodiscitis. However, the 
first description of intervertebral disc space infec-
tions did not come from surgical patients. In 1940 
Ghormley and colleagues presented 20 cases of 
spontaneous disc space infection and differenti-
ated this condition as a clinical separate entity, 
different from other pathologies, particularly ver-
tebral osteomyelitis 2. It was not until 1953, when 
Turbull presented a series of three patients with 
post operative disc space infection, that this condi-
tion became a recognized clinical entity 3. Infection 
of the intervertebral space is frequently caused by 
disc surgery, but there are other causes like spinal 
puncture, spinal catheterism, alcoholism, drugs, 
HIV and others which can cause the disease.

Incidence

The true incidence of postoperative disc infec-
tion is difficult to determine for several reasons. 
The condition can be mild and self-limiting and 
it resolves spontaneously, the patient may be mis-
diagnosed or labelled as functionally disabled or 
psychoneurotic, some patients operated on at one 
institution go to another for assessment and treat-
ment of the disc space infection.

Ozone Therapy to Resolve Disc Space 
Infection Spondylodiscitis

R. ALVARADO
Neurosurgeon, Hospital Policial, Hospital Arco Iris; La Paz, Bolivia

Key words: spondylodiscitis, lumbar puncture, ozone therapy

SUMMARY - We describe three cases of disc space infection, spondylodiscitis, treated by ozone ther-
apy. One case of spontaneous spondylodiscitis and the other two cases were postoperative complications. 
The predominant clinical feature was low back pain. The ozone treatment produced very good results.

Pathophysiology

The disc annulus is composed of elastic fibrous 
layers, which surround the semi-liquid gelatinous 
nucleus and provide the disc with its inherent 
strength. The fluid properties of the nucleus pulpo-
sus provide incompressibility and shock-absorbing 
potential. The plate of hyaline cartilage at each 
end of the disc, from which the annulus arises, 
constitutes the interface between the bony verte-
bra and the rest of the disc, and acts as a barrier 
between one vertebra and the contiguous one This 
plate and the epiphyseal ring of the vertebra are in 
intimate association during embryological devel-
opment, and are analogous to the epiphysis of a 
long bone. The disc itself, prior to its later avascular 
state, is the most distant element supplied by the 
intersegmental artery. 

Initially, the disc material is vascularized by small 
arteries from the cartilaginous plate. Between 
childhood and the third decade these vessels 
gradually disappear, and the disc becomes totally 
avascular 4. These changes are the basis for haema-
togenous o post operative intervertebral disc space 
infections.

Based on these premises, childhood disc infec-
tion is thought to be of haematogenous origin, 
with bacteria spreading directly to the interverte-
bral disc through the vessels from the epiphyseal 
ring and cartilaginous plate 5. Adult hematogenous 
infection, on the other hand, is a hematogenous 
infection not of the disc substance itself but of the 
epiphyseal vertebral ring plate region.

Postoperative disc space infections occur by 
direct inoculation of microorganisms into the disc 
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space during a surgical procedure. The surgeon 
performs the operation on an avascular structure 
and leaves behind small pieces of degenerated disc, 
necrotic tissue, and hematomas of various sizes, all 
these elements strongly predispose to an eventual 
infection. In spite of the use of a scrupulously ster-
ile technique, organisms may occasionally be intro-
duced in most operations in the “locus minoris 
resistentiae”, as Pilgaard named these structures 

6. These types of infections have been reported 
after lumbar puncture myelography 7 paravertebral 
injections, discography 8 and recently in several 
cases after percutaneous discectomy 9.

Clinical Manifestations

Postoperative disc space infection has a charac-
teristic clinical presentation.

The most common presenting symptom is severe 
back pain that can radiate towards the leg, but-
tock, groin or testis, mimicking a root compression 
syndrome, or into the perineum or abdomen. The 
pain can appear at any time from five days to three 
months after an uneventful operation. More than 
85% patients suffer excruciating paravertebral 
muscle spasms which are relieved only by immo-
bilization.

A B

Figure 1  T1-weighted sagittal MR scans. 
A) Before ozone treatment. B) After 
Ozone treatment there is a complete reso-
lution of the spondylodiscitis (arrows).

➡ ➡

A B

Figure 2  T2-weighted sagittal MR scans. 
A) Before Ozone treatment. B) After 
Ozone there is a complete resolution of 
the spondylodiscitis (arrows).

➡ ➡
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The appearance of the operative incision does not 
usually indicate an underlying infection. Although 
fever is not a uniform finding, it is present in 30% 
of patients.

Diagnosis

A post operative disc space infection can be 
suspected on the basis of very few typical findings 
like severe low back pain with severe paraverte-
bral muscle spasm and elevated ESR. CT findings 
are very useful as they show early narrowing and 

destruction of the disc space and erosive changes 
in the vertebral end plates. CT scan also demon-
strates any soft tissue involvement or paraverte-
bral abscess. 

The procedure of choice for diagnosing a disc 
space infection is MRI which shows disc space 
changes consistent with an infection as early as five 
days after operation.

These changes include a reduction in signal 
intensity on T1-weighted images and an increase 
in signal intensity on T2-weighted images from the 
involved disc, plus a blurring of the disc margin on 
the T1-weighted images 10-11.

Figure 3  CT scan shows an intensification of cortical plate at 
level L5-S1 (arrow).

➡

A B

Figure 4  A) T1-weighted 
MRI shows diagnostic  for 
spondylodiscitis  L5-S1 (ar-
row). (B) Total resolution of 
the spondylodiscitis a L5-S1 
level (arrow).

➡
➡



120

Ozone Therapy to Resolve Disc Space Infection Spondylodiscitis R. Alvarado

Case 1

A 40-year-old woman with systemic lupus ery-
thematosus was evaluated in our out-patient clinic 
in September, 2005. She complained of severe 
lumbar pain for the last six months, which was 
irradiated to both buttocks and lower limbs. The 
pain increased with movements, strain and rotation 
movements of the spine.

MRI showed an image consistent with spondylo-
discitis. A prescription for a lumbo-thoracic corset 
to immobilize the spine was issued, and 25 sessions 
of ozone therapy were performed through para-
vertebral taps, each of them twice a week with a 
concentration of 20 micrograms of ozone. 

A control MRI in April 2006 showed a complete 
resolution of the spondylodiscitis (figures 1-2) and 
a complete improvement of the clinical complaints.  
No antibiotics were used because of the patient’s 
SLE.

Case 2

A 64-year-old man had a surgical intervention in 
October 2004 for a radicular compression at L5-S1 
level. In November 2005 he complained of severe 
lumbar pain, irradiated to the right low limb.  CT 
scan showed an intensification of the cortical plate 
at the level of L5-S1 (figure 3). The MRI showed 
an image of spondylodiscitis (figure 4 A). Ozone 
treatment was instituted with 20 paravertebral taps, 
with an ozone concentration of 20 micrograms and 
immobilization of the spine with a corset.

There was a 100 % clinical improvement, and a 
control MRI performed six months later showed a 
complete resolution of the spondylodiscitis (figure 
4 B).

Case 3

A 35-year-old man underwent surgery in March 
2005 for a spine herniated disc at L4-L5 level. One 
week after the surgical intervention, he complained 
of intense lumbar pain, irradiated to the right low 
limb. MRI study showed a spondylodiscitis at L4-
L5 (figure 5 A).

Ozone therapy was prescribed with a intra dis-
cal tap at L4-L5 level with an ozone concentration 
of 30 micrograms to desinfected the disc infection, 
followed by ten paravertebral injections of oxy-
gen-ozone with a 20 micrograms concentration of 
ozone. In June 2005, three months later, there was 
a complete remission of the clinical complaints 
and an improvement of the clinical picture in the 
control MRI (figure 5 B).

Discussion

Until now the treatment of spondylodiscitis 
has ranged from incision and drainage to the use 
of specific antibiotics and spinal immobilization. 
Nowadays, there is controversy over the use of 
antibiotics to treat disc space infection. Some 
authors use immobilization for definitive treatment 
and do not recommend open drainage or fusion 

A B

Figure 5  A) TI-
weighted MRI shows 
mild spondylodiscitis 
at L4-L5 (arrow). B) 
There is a complete 
resolution after ozone 
therapy.

➡
➡
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later on (Wilkins) 12. There is no doubt that ozone 
can play an important therapeutic role in various 
types of infections because it generates ROS (O2, 
OH, H2O2, NO and HOCL), which are also pro-
duced by granulocytes and macrophages during an 
infectious  process (Badwy and Karnowsky, 1990; 
Chanock et Al, 1994 Anderson et Al, 1997; Saran 
et Al, 1999; Titheradge, 1999; Babior, 2000).

Moreover, neutrophils have a variety of anti-
microbial proteins in their granules and release 
pro-inflammatory cytokines whose numerous 
effects can cause tissue damage. Witko-Sarsat et 
Al, (2000) and Nieva and Wenworth (2004) pos-
tulated that ozone might produce in vivo, via 
antibodies, catalysed water-oxidation pathways 
through a dihydrogentrioxide (H2O3) intermediate. 
To scientists’ surprise, it appears that nature is able 
to generate gaseous and reactive molecules (CO, 
NO and O3) which, in adequate amounts, may dis-

play critical physiological roles, but during inflam-
mation, excessive amounts of these substances 
can cause a continuous damaging oxidative stress. 
This strengthens our conviction that ozone, used 
at appropriate doses, can be therapeutically useful 
(Bocci) 13. Nowadays, antibiotic resistant bacteria 
are rapidly expanding, but some physicians con-
tinue to use expensive, and often ineffective anti-
biotics, while it is possible to use ozone that acts as 
a potent antibacterial drug.

Ozone is a useful alternative, not only for poor 
countries like Bolivia, but also for European 
countries like in Italy, Germany and Spain, where 
it is widely used. For this reason, ozone therapy 
should be the first alternative treatment in disc 
space infection. The effectiveness of ozone shows 
that very good results can be obtained with this 
method, with minimum surgical trauma and with-
out  any complications.
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Care amiche e amici,
questo è il primo annuncio del nostro Congresso
2007, che vi chiedo di lasciarmi aprire con una
considerazione personale. Sono stato
professionalmente fortunato. Ho scelto tanti anni fa,
da neolaureato, una specialità sconosciuta, la
neuroradiologia, solo per caso.
Ho così vissuto nell’ultimo quarto di secolo una 
delle più straordinarie rivoluzioni nella storia della 
medicina. I neuroradiologi hanno reinterpretato, con 
l’aiuto del progresso tecnologico, tutta la patologia 
neurologica, anche definendo nuove entità
nosologiche, introducendo tecniche terapeutiche 
impensabili solo pochi anni prima. Prendendo in 
prestito una frase famosa, penso che poche volte 
nella storia (della medicina) tanti (pazienti) abbiano 
dovuto così tanto a così pochi (specialisti). 
Tutto ciò è stato possibile perché in un unico
specialista sono racchiuse sia le capacità d’analisi 
diagnostica, strutturale e funzionale di una lesione, 
sia la diretta conoscenza, che può venire solo dalla 
diretta esecuzione, delle possibilità e dei rischi del 
trattamento; questa sintesi, unitamente all’osmosi 
di capacità e conoscenze interna alla singola équipe 
neuroradiologica, consente una visione completa e 
ragionata della patologia, unica garanzia del successo 
terapeutico. Tutto ciò ora rischia di andare disperso, 
in un’assurda frammentazione in specialità diverse 
delle capacità e delle conoscenze del neuroradiologo.
Sono stato fortunato anche perché nella neuroradio-
logia italiana ho trovato tanti amici ma soprattutto 
una qualità professionale assoluta, una scuola di 
rilievo mondiale. Voi mi avete voluto onorare della 
Presidenza del 23° Congresso Nazionale della nostra 
Associazione, che si terrà quindi a Bergamo dal 20 al 
23 Giugno 2007. Esso sarà dedicato alla nostra
volontà di restare attori principali di quella
rivoluzione, entusiasmante per chi l’ha vissuta in 
prima persona, e una ricchezza straordinaria da 
trasmettere ai giovani. Il filo rosso scientifico sarà 
quindi costituito da sessioni comuni per diagnostica 
e interventistica, nelle quali renderci conto della 
nostra identità unitaria, per mettere a fuoco tutto 
l’aiuto che le tecniche diagnostiche possono e de-
vono fornire ad una corretta pratica terapeutica
neuroradiologica.
Che altro posso dirvi, oltre che spero di avervi tutti? 
Bergamo, per chi abbia la fortuna di poterla ancora 
scoprire, è un gioiello architettonico. Giugno è il 
mese più bello, il sabato del villaggio. E io credo che 
la medicina sia anche gioia, come quando negli occhi 
dei pazienti leggiamo la gratitudine per aver dato 
per loro il meglio di noi stessi. Quindi mia moglie 

Centro Congressi Giovanni XXIII
Bergamo, 20/23 giugno 2007

Congresso Nazionale 
Associazione Italiana 
di Neuroradiologia

Marina (neuroradiologa ad honorem) e io
c’impegniamo a che il Congresso sia anche
un’occasione d’allegria e divertimento
per tutti.
Vi aspettiamo.

Beppe Bonaldi

Segreteria Organizzativa:
AISC & MGR-AIM Group
Via Ripamonti 129, 20141 Milano
Tel +39 0256601.1
E-mail: ainr2007@aimgroup.it
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Introduction

Backache, with or without sciatica nerve or fem-
oral involvement, affects 90% of the population 
at least once in their lives and is one of the major 
causes of working days lost in the western world 1.

Until 15 years ago surgery was the treatment 
of choice. Nowadays the trend is to adopt con-
servative treatments given the many limitations 
of surgery in terms of short and long-term pain 
resolution 2. T The different methods used to treat 
low back pain and sciatica caused by disc and non-
discal disease (osteoporosis, facet joint syndrome, 
canal stenosis, etc.) include epidural steroid injec-
tions and paravertebral infiltration of O2O3 gas 
mixtures 3,4,5,6,7.

The aim of this study was to compare the thera-
peutic efficacy of these two procedures in a ran-
domized prospective study of patients with acute 
or chronic low back pain with sciatica/cruralgia 
caused by herniated disc.

Epidural Steroid Injection vs Paravertebral 
O2O3 Infiltration for Symptomatic Herniated 
Disc Refractory to Conventional Treatment
A Prospective Randomized Study

A. ZAMBELLO*, B. FARA**, G. TABARACCI***, M. BIANCHI****
* Circolo Fondazione Macchi Hospital; Cittiglio
** San Bartolomeo Hospita; Sarzana
*** San Rocco Orthopaedic Medical Centre; Montichiari
**** Sant'Antonio Abate Hospital; Gallarate

Key words: peridural, low back pain, sciatica, ozone therapy, cruralgia, corticosteroids, herniated disc

SUMMARY - The medical management of patients with symptomatic herniated disc of the lumbar 
spine to treat low back pain, sciatica and cruralgia includes epidural injection of steroids and intramus-
cular paravertebral infiltration of an O2O3 mixture.  Our study compared the short (three weeks) and 
long-term (six months) efficacy of the two treatments after failure to response to conventional medical 
management (steroids and muscle relaxants). 351 patients were enrolled: 171 (Group A) were treated 
by epidural steroid injection, while 180 (Group B) underwent paravertebral administration of an O2O3 
mixture. In the short-term 59% of patients treated by epidural injection and 88.2% (p<0.05) of patients 
treated with O2O3 had a total or near total remission of pain. Long-term outcome remained excellent 
or good in 47.3% of patients treated by epidural injection and 77.1% (p<0.05) of patients treated with  
O2O3. Given the relative simplicity of treatment administration, limited contraindications and the lack 
of side-effects, ozone therapy is the first choice treatment in patients refractory to conventional medical 
management.

Materials and Methods 

Between January 2002 and January 2006 we 
treated 351 pazients. All patients presented irradi-
ating low back pain over the sciatic nerve lasting 
less than 180 days and failure to respond to medi-
cal management with steroids, NSAIDs, tramadol 
and muscle relaxants. After giving their informed 
consent, patients were randomly assigned to one 
of two groups. 

Patients in the first group (A) were treated by 
epidural injection of steroid (80 mg, triamcinolone 
acetonide; Kenacort, Bristol-Myers Squibb, Italy), 
diluted in 20 ml saline solution, into the interver-
tebral space of the herniated disc or into the space 
immediately above it. A maximum of three injec-
tions were given at weekly intervals after no or 
only partial response to treatment.

Patients in the second group (B) were treated 
with a gas mixture of O2O3 (5 ml O2O3 at a concen-
tration of 10-20 microg/ml injected bilaterally into 



124

Epidural Steroid Injection vs Paravertebral O2O3 Infiltration for Symptomatic Herniated Disc Refractory to ... A. Zambello

the paravertebral muscle 2 cm from the spinous 
apophysis of the herniated disc and into the space 
immediately above and below.  In case of failure to 
respond to the randomized treatment, a cross-over 
to the other group was planned after four weeks 
of treatment. In addition to personal details, the 
type of pain, irradiation, paraesthesias, presence 
of Lasegue’s sign, any sensory and/or motor defi-
cits and osteotendon reflexes were recorded for 
each patient. The type of treatment each patient 
received (epidural steroid or paravertebral) was 
also recorded but the colleagues evaluating thera-
peutic response were blinded to this information.

Patients with clinical or electromyographic fea-
tures of neurogenic or denervating pain were 
excluded from the study. Each patient enrolled was 
asked to produce CT or MR imaging documenta-
tion not more than six months old.

All infiltrations were carried out using a device 
(CE class 1B equipment, Alnitec, Cremosano, Italy) 
for the production of O2O3 fitted with photometric 
detectors of O3 concentration in the gas mixture 

(the machine automatically adjusts the change in 
concentration occurring when the syringe is filled) 
at a constant pressure during O3 filling.

Injections in both groups were performed by a 
team of anaesthetists (A.Z., M.M.B., B.F.) belong-
ing to three hospitals, whereas follow-up monitor-
ing was undertaken by three doctors (R.P., G.T., 
L.M.) blinded to the type of treatment adminis-
tered. Clinical outcome was assessed in the short 
(three weeks) and long-term (six months) using a 
modified version of the McNab method.

Clinical results were considered excellent with a 
complete resolution of pain and a return to previ-
ous activities; good with a 50-75% reduction of 
pain and a return to previous activities; satisfactory 
with a reduction of pain below 30-50% and partial 
return to previous activities; poor with no response 
to treatment or a response below 30%.

Statistical analysis was performed using Student’s 
t-test, the chi-squared test and Fisher’s test when 
necessary, and results processed using the SPSS 8.0 
package for Windows.

Results

Patient details are summarised in table 1. 

Table 1  Patient details 

No. Sex * Age
(average ± sd)§

Response to
conventional treatment °

M F Poor Absent

Group A 171 91 80 48 (±3.2) 120 51

Group B 180 100 80 51 (±6.1) 136 44

*, §, ° Differences not statistically significant (p >0.05)

Table 2  Short-term outcome

Control of pain

N° 
Patients Excellent Good Excellent/ 

Good Satisfactory Poor Satisfactory/
Poor Cross-over

Group 
A 171 77 

(45.0%)
48 

(28.0%)
125 

(73.0%)
22 

(12.8%)
24 

(14.2%)
46 

(27.0%)
38      

(22.2%)

Group 
B 180 131 

(72.7%)
28 

(15.5%)
159 

(88.2%)
14

 (7.9 %)
7

(3.9%)
21 

(11.8%)
11

(6.1%)

p <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Treatment outcome is summarised in tables 2 
and 3.

In the short-term 59% of patients treated by 
epidural injection and 88.2% (p<0.05) of patients 
treated with O2O3 had a total or near total remis-
sion of pain (33.3% in the epidural group, 72.7% in 
the O2-O3 group; p<0.05).

Long-term outcome remained excellent or good 
in 47.3% of patients treated by epidural injection 
and 77.1% (p<0.05) of patients treated with O2O3. 
61.1% of patients in the O2O3 group reported 
excellent results (21.6% in the epidural group; 
p<0.05). 

The patients in the O2O3 group subjected to a
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Table 3  Long-term outcome

Control of pain

N° 
Patients Excellent Good Excellent/ 

Good Satisfactory Poor Satisfactory/
Poor Cross-over

Group A 171 54
 (31.5 %)

40 
(23.5%)

94
(55%)

43 
(25.1 %)

34
(19.9 %)

77 
 (45.0%)

38
(22.2%)

Group B 180 126
 (70.0%)

14
 (7.7%)

140 
(77.7%)

22 
(11.8%)

18
(10.5%)

40 
(22.3 %)

11 
(4.4%)

p <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Table 4  Short-term outcome after cross-over treatment

Control of pain

N° Patients Excellent
Good

Excellent/
Good Satisfactory Poor Satisfactory/

Poor
Epidural (post 11 3 4 3 4 4 7

O2O3) (9.1%) (27.3%) (36.4%) (27.3%) (36.3%) (63.6%)
O2O3 38 17 17 34 9 5 14

(post epid.) (35.4%) (35.4%) (70.8%) (18.7%) (10.5%) (29.2%)
p <0.05 <0.05 <0.05 <0.05 ns <0.05

ns = not significant

Table 5  Short-term outcome after cross-over treatment

Control of pain

N° Patients Excellent
Good

Excellent/
Good Satisfactory Poor Satisfactory/

Poor
Epidural (post 11 2 2 4 4 3 7

O2O3) (18.2%) (18.2%) (36.4%) (36.4%) (27.2%) (63.6%)
O2O3 48 24 11 35 9 4 13

(post epid.) (50.0%) (22.9%) (72.9%) (18.7%) (8.3%) (27.0%)
p <0.05 <0.05 <0.05 <0.05 ns <0.05

ns = not significant

cross-over (tables 4 and 5) for epidural injection 
presented an excellent/good remission of pain in 
36.4% of cases, whereas 70.8% (p<0.05) of patients 
in the epidural group submitted to cross-over for 
O2O3 reported an excellent/good outcome.

Long-term outcome remained excellent or good 
in 47.3% of patients treated by epidural injection 
and 77.1% (p<0.05) of patients treated with O2O3. 
61.1% of patients in the O2O3 group reported 
excellent results (21.6% in the epidural group; 
p<0.05). 

The patients in the O2O3 group subjected to a 
cross-over (tables 4 and 5) for epidural injection 
presented an excellent/good remission of pain in 
36.4% of cases, whereas 70.8% (p<0.05) of patients 
in the epidural group submitted to cross-over for 
O2O3 reported an excellent/good outcome.

Fifteen patients in Group A (8.7%) and three 
patients in Group B (1.6%; p<0.05) opted for sur-
gical treatment.

Discussion

The origin of sciatic or crural pain is only partly 
due to mechanical nerve root compression 8,9,10, 
while an aspecific inflammatory reaction plays 
a major role. Migration of the disc through its 
natural barrier of the anulus fibrosus exposes the 
autoantigen-reactive immune system of the muco-
polysaccharide matrix on the disc surface 11,13. The 
inflammatory reaction is linked to the release of 
lytic enzymes like phospholipase A2 and prostag-
landins E2. In fact the quantity of these enzymes 
in the peridiscal epidural space is a hundredfold 
higher in patients with herniated disc compared to 
those with only a bulging disc, thereby confirming 
the inflammatory origin of pain 8,9,10,12. The inflam-
matory reaction stimulates the macrophage activ-
ity favouring degeneration of disc fragments 13. The 
resulting process involves the root ganglion and 
mainly the nociceptive C fibres, enhancing their 
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mechanical sensitivity and generating a painful 
stimulus 14. 

Indirect vessel-mediated mechanical factors are 
also involved. These may be ischaemic factors 
linked to compression of the feeding arteriole 
with impairment of perineural microcirculation 
and demyelination due to anoxia of nerve fibres, 
or venous factors causing oedema and partial or 
total blockage of venous reflux. These mechanisms 
explain the efficacy of both epidural anti-inflam-
matory treatment aimed at reducing inflammation 
and thereby favouring recovery of the ganglione-
ural myelin sheath and hence nerve function 15, 
and also paravertebral infiltration of a O2O3 gas 
mixture. The O2O3 mixture is claimed to favour 
the normalization of the level of cytokines and 
prostaglandins, increase levels of superoxide dis-
mutase and improve the perineural and perigan-
glionic microcirculation with a eutrophic effect 
on the nerve root, thereby combating the hypoxia 
linked to both arterial compression and above all 
to venous stasis. The mixture also seems to have 
a reflex therapy effect able to break the chain 
of chronic pain by stimulating antinociceptive 
antalgic mechanisms 11.

Epidural steroid injections have been widely 
used in the conservative treatment of symptomatic 
herniated lumbar disc. Some studies 16 have report-
ed an efficacy between 44% and 77%. Our study 
had significant short-term results (73.9% excellent/
good outcome) with a worsening of symptoms in 
the follow-up assessment at six months (53.1%). 

In recent years treatment by O2O3 infiltration 
has yielded significant results with a positive out-
come in 65-75% of cases. Our findings are in agree-
ment with literature reports with an excellent/good 
remission of pain in 88.2% (p<0.05 with respect to 
the epidural group) of patients.

Only a slight decrease was found at long-term 
follow-up (77.1%) (p<0.05 with respect to the 
epidural group). The comparison between the two 
therapeutic procedures showed that O2O3 infiltra-
tion was significantly more successful in terms of 
the number of patients with an excellent outcome 
with short (45.0% vs 72.7%;  p<0.05) and long-
term (31.5% vs 70.0%; p<0.05) remission of pain, 
vis-à-vis the number of patients reporting satisfac-
tory/poor results in the short (26.9% in the epi-
dural groups vs 11.6% in the O2O3 group; p<0.05) 
and long-term (22.2% vs 4.4%; p<0.05).

A similar but less successful treatment outcome 
was found in the cross-over patients. Patients treat-
ed by O2O3 obtained excellent/good short-term 

results in 70.8% of cases vs 30.4% in the epidural 
group (p<0.05), and a similar long-term outcome 
(72.9% vs 36.4%; p<0.05).

These findings fit the number of patients who 
subsequently underwent surgery: 15 patients in the 
epidural group (8.7%) and three in the O2O3 group 
(1.6%; p<0.05).

Conclusions

Most patients with low back pain with or without 
sciatic or femoral nerve involvement are treated 
with painkillers (NSAIDs or tramadol) and ster-
oids, sometimes in association with muscle relax-
ants. Outcome is often satisfactory with complete 
clinical remission. Nonetheless a variable number 
of patients fail to respond to medical management, 
irrespective of whether the choice of associated 
treatment is appropriate. Until a few years ago, 
the only remedy available for these patients was 
surgery. Back surgery effectively attenuates symp-
toms but its effect over time is limited and tends 
to cease around four years after surgery 17. About 
thirty thousand operations a year are performed in 
Italy and most patients are between the ages of 30 
and 50 years. The wide variability among different 
regions (the majority are performed in Lombardy) 
suggests that many of these operations are inap-
propriate 17. Bearing in mind the limitations of 
surgery and the fact that herniated disc will very 
often regress spontaneously, it is important for 
patients to be well informed and involved in the 
choice of treatment 17. Surgery is however indicated 
in patients presenting signs of neural injury which 
could give rise to permanent damage if all other 
treatments fail 17.

Peridural steroid injection is a valid treatment 
for patients refractory to medical management. 
However, this procedure carries the risk of poten-
tially serious complications (post-dural puncture 
headache, subarachnoid haematoma, infection) 
although none occurred in our series or in the 
group receiving O2O3.

Paravertebral infiltration of an O2O3 gas mix-
ture is a simpler alternative treatment in terms of 
administration and more limited side-effects and 
contraindications. Ozone therapy also has a higher 
success rate and is the first choice of treatment in 
patients refractory to conventional management. 
The possibility of a cross-over from one treatment 
to the other is a further means of reducing the 
number of patients referred to surgery. 
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Oxygen-Ozone Treatment of Buruli Ulcer

A. BERTOLOTTI, A. IZZO
InterMed Onlus, Africa Sahariana

Key words: Buruli's ulcera, ozone therapy

SUMMARY - The Authors introduce turn out to you preliminary of the treatment with oxygen-ozono-
terapia of the ulcera of Buruli. Buruli ulceri is a tropical necrotizing skin disease caused by the alcohol-acid 
resistant mycobacterium Mycobacterium ulcerans.  In January 2006 “Intermed Onlus”, an organization 
working in Africa for several years, first proposed and tested oxygen-ozone therapy using an extremity bag. 
The results obtained were positive and the ulcers were cured without recourse to antibiotics.

Buruli ulceri is a tropical necrotizing skin dis-
ease caused by the alcohol-acid resistant mycobac-
terium Mycobacterium ulcerans.

The disease is almost certainly transmitted by 
the bite of an aquatic insect of the naucoridae 
family (beetle) since a 2002 French study reported 
the presence of this mycobacterium in the salivare 
glands of these insects (REF). Mycobacterium 
ulcerans contains a toxin responsible for the necro-
sis of subcutaneous tissue.

The mycobacterium was isolated for the first 
time by MacCallium et Al, in Australia in 1948. In 
1958 a number of cases were described in Buruli 
County, Uganda from where the disease takes its 
name.

Clinically the disease tends to manifest with 
a nodule, in some cases with oedema or plaques 
commonly located on the limbs. Ulceration occurs 
within two weeks and can be extensive if left 
untreated.

The current treatment of Buruli ulcer in some 
areas of Sub-Saharan Africa consists of washing 
the lesion with sodium hypochlorite, treatment 
with the antibiotics streptomycin and rifampicin, 
surgical resection with extensive scarring and func-
tional loss.

In January 2006 “InterMed Onlus”, an organi-
zation working in Africa for several years, first 
proposed and tested oxygen-ozone therapy using 
an extremity bag.

The results obtained were positive and the ulcers 
were cured without recourse to antibiotics.

Health Cooperation

InterMed Onlus is an international non-profit 
organization involved in health care cooperation.

The main aim of InterMed is to promote the 

human personality through emergency or ongoing 
health care programs in permanent or emergency 
way.

Our Programs

InterMed plans and implements social and health 
projects in developing countries. Many projects 
have been implemented to date with good results 
for the lives and development of many people.

Aims and Operating Methods

Team-working with public and private nonprofit 
organizations, InterMed is engaged in improving 
the quality and efficiency of local health services 
by promoting basic social health care, building 
appropriate facilities, training medical, nursing 
and technical personnel. InterMed projects always 
respond to specific requests from local communi-
ties which have been participating in strategic and 
operative activities from the outset.

InterMed acts independently from local political 
or religous institutions showing respect for indig-
enous cultures in a frame of self-development and 
self-determination.

Activities

Here is a list of some projects implemented 
by InterMed in Africa, Latin America, Asia and 
Eastern Europe:
– hospitals, city and country dispensaries, labora-
tories and diagnostic multifunction centers linked 
to the local national health services (Burkina Faso, 
Burundi, Congo, Randa, Togo);
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– basic health joint projects for community growth, 
environmental health, health education and train-
ing of primary health operators (Benin, China, 
Avory Coast, Somalia, Tanzania);
– health schools for the education and training of 
local specialists (Burikina Faso, Congo, Togo);
– emergency interventions to tackle natural or 
man-made disasters (Albany, Congo, Eritrea, 
Kosovo, Randa, Democratic Republic of Congo).

Human Resources

InterMed’s staff includes experts in health 
project planning and management, basic social 
medicine, health education and training, tropical 
medicine, emergency aid.

InterMed can use a network of cooperators for:
– feasibility studies and preliminary projects;
– selection and training of outsourced personnel;
– implementation and management of health 
structures;
– supply of biomedical technology;
– health education and training of local personnel;
– supervision and validation of the operations.

How to Help Us

What You Can Do

Do you to want to work with us?
Ask for information from InterMed 

Brescia - Viale Venezia, 20 - Tel. 030/294976
www.intermed-onlus.it; e-mail: info@intermed-
onlus.it

Economic Help

Choose the method you prefer:
– Post office account: n° 14114292 issued to 
InterMed Onlus - Viale Venezia, 20 - 25123 
Brescia.
– Bank account: n° 2030/88 - ABI 5696 - CAB 
11202 - at Banca Popolare di Sondrio, Ag. n° 2, Via 
Solferino, 61 - 25121 Brescia.
– Crossed cheques made payable to InterMed 
Onlus, to be sent in a sealed envelope to InterMed 
Onlus - Viale Venezia, 20 - 25123 Brescia.

Bequests and Legacies

All gifts issued to InterMed are tax free.

Figure 1  Nodules: initial manifestation of the disease: ap-
pearance of skin nodules.



131

www.centauro.it Rivista Italiana di Ossigeno-Ozonoterapia 5: 129-134, 2006

Figure 3  Ozone treatment.

Figure 2 A,B  Full-blown disease with cutaneous ulceration: A) 
ankle; B) hand.

A

B

←
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Figure 4  Patient 1: A woman. Before treatment.

Figure 5  Pazient 1: A woman. Treatment with only two session of O2O3 administration.
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Figure 6  Pazient 2: A woman. Before treatment.

Figure 7  Pazient 2: A woman. Before treatment.
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Figure 8  Pazient 2: 
A woman. Treatment 
with only two session 
of O2O3 administra-
tion.

Figure 9  Pazient 2: 
A woman. Treatment 
with only two session 
of O2O3 administra-
tion.

Dr Annunziata Izzo
Via Leonida Stefano Bissolati 20
26100 Cremona (CR)
Tel.: 0372414947
E-mail: nunzia.iz@libero.it
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Introduction

Ozone is a highly soluble gas with great oxidiz-
ing activity. In contact with biological fluids ozone 
forms lipid oxidation products and reactive oxygen 
species 1,3,4. These substances react with white blood 
cells triggering the production of cytokines, pro-
teins strongly conditioning inflammatory reactions, 
and red blood cells enhancing the oxygen supply 
to tissues 2.

Ozone is used to treat many painful syndromes 
affecting the joints, muscles and tendons even when 
peripheral neurological impairment is present 6. 
Its painkilling mechanism is thought to be based 
on stimulation of the antinociceptive apparatus 
mediated by endogenous opioids and serotonin 
thereby raising the pain threshold. In addition, the 
marked anti-inflammatory properties of ozone 
reduce oedema, joint swelling and compression on 
nerve root structures 7. Ozone favours tissue hyper-
oxygenation following increased vascularization 
due to neoangiogenesis 3 improving local tissue 
trophism and the inhibitory capacity of inflamma-
tory metabolites. 

There is a consensus in literature reports that 
the sum of the beneficial effects of ozone reduces 
local pain favouring the recovery of joint function 
and motion lost during the painful phase (walk-
ing, going up and down staires, washing, dressing 
and feeding). Ozone injections (intra-articular, 
peri-articular or percutaneous) are considered a 

Oxygen-Ozone Treatment of the Knee, 
Shoulder and Hip
A Personal Experience

P. BENVENUTI
Orthopaedic and Neurological Recovery and Rehabilitation Unit, S. Anna Hospital; Brescia

Key words: oxygen-ozone therapy, medical ozone, hip, knee, shoulder

SUMMARY - This paper describes the author’s experience of treating acute and chronic disease of 
the large joints (knee, shoulder, hip) by intra and peri-articular  injections of microdoses of an oxygen-
ozone gas mixture. Three illustrative case reports are given. The patients were assessed before and after 
treatment. In addition to a resolution of joint pain, patients had a good functional recovery of their daily 
activities and the treatment was well-tolerated

good treatment with a high success rate, little risk 
of complications, easy execution, repeatability and 
stable outcome 4.

Administration and Dose

After thorough examination of the patient and 
obtaining signed informed consent to oxygen-
ozone injection, the gas mixture is administered. 
Ordinary sterile conditions are maintained for dis-
infection of the patient’s skin as well as the syringe, 
needles and hands. The increasing use of oxygen-
ozone injections to treat inflammatory-degenera-
tive diseases of the joints has led to a specific treat-
ment protocol defining the gas concentrations, 
doses and infiltration techniques to follow. Some 
authors favour a single intra-articular injection 
with or without instrumental guidance. Others pre-
fer the peri-articular approach with injection into 
certain standardized painful points for each district 

4,5,8. Experience has shown that there is no single 
effective dose for all patients: the ozone probably 
needs to reach an activation threshold to exert its 
potent pharmacological effects. The latest indica-
tions of the Italian Federation of Oxygen-Ozone 
Therapy clearly recommend smaller amounts of 
gas 4 than in the past with slightly higher concentra-
tions of ozone. The gas mixture should be inject-
ed slowly, always after aspiration. The protocol 
includes an initial cycle of at least five injections 
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at weekly intervals. The infiltration is usually pain-
less. The route of administration and ozone dose 
are reported in clinical cases for each of the main 
joints treated 5,8.

Knee

The knee is the intermediate joint of the lower 
limb. It is mainly a joint with only one degree of 
freedom – flexion-extension – even though it also 
has a second accessory degree of freedom: rota-
tion around the longitudinal axis of the leg which 
occurs only when the knee is flexed. The knee 
essentially works in compression, under the effect 
of gravity. Even though the knee joint has a good 
mobility under the considerable body load it must 
sustain, it is composed of two refined joints (one 
could say three). The first is the inferior distal face 
of the femur with two distinct joint regions and 
articular parts and the superior proximal face of 
the tibia which meets the femur with two articu-
lar parts. This anatomical arrangement suggests 
two separate joints each working independently 
and placed parallel to one another. The second 
joint composing the knee is the femoral-rotular 
(or patellar) 10. During flexion, an unstable posi-
tion, the knee is particularly exposed to injury to 
the ligaments and meniscus. In extension, when 
the knee is in a highly stable joint position, joint 
fractures or ligament rupture are more common 

9. Knee pain is the main symptom leading patients 
to consult a specialist. Pain may be invalidating 
and progressive, exacerbated by movement (while 
walking or going up and down stairs). Swollen 
knee is the second symptom: it reflects the synovial 
membrane reacting to joint inflammation (caused 
by cartilage degeneration, trauma, overloading 
joint structures) producing synovial fluid to better 
lubricate the joint. 

Oxygen-ozone therapy is used to treat patients 
with gonarthosis (initial and late), inflammatory 
disease due to overloading, patellar tendinitis, 
goosefoot bursitis of the knee, synovitis during 
inflammatory arthritis, bursitis, knee pain caused 
by joint cartilage degeneration due to femoral-rot-
ular chondropathy, knee pain following surgery. 

The patient is placed in a supine position with the 
knee in extension. After having located the patella 
its medial margin is pressed to subluxation in the 
lateral margin to increase the articular rim as much 
as possible. A 21G needle is inserted along the 
superolateral margin of the patella (to the superior 
third). After thorough sepsis and aspiration, 10-15 
cc of the gas mixture is injected slowly at variable 
concentrations depending on the disease and in 
any case not more than 25 µg/ml. The patient is 

invited to perform some flexion-extension move-
ments of the knee to better distribute the drug 
throughout the joint including the recesses.

Case Report

A 62-year-old businessman with bilateral knee 
pain (measured  as VAS 8) prevalent on the left 
and with swelling of both knees (extensive on the 
left) with increased tactile knee temperature and 
no skin reddening. Physical examination disclosed 
painful knee joint movements throughout the 
range of movements with flexion possible up to 
90° on the left and 110° on the right, and complete 
extension. Painful swelling with increased tem-
perature and skin rubor was evident in the right 
metatarsal phalange probably due to gout arthritis 
(the patient was receiving allopurinol treatment). 
The patient was limited in climbing stairs (up and 
down) and required a support, in dressing (putting 
on his socks) and in walking which he managed 
successfully for 200-300 metres. In addition he 
complained of pain at night resulting in insomnia 
not controlled by current anti-inflammatory treat-
ment. On medical examination he produced a 
knee CT scan and orthopaedic report (predating 
the onset of joint swelling) noting largely normal 
findings (“meniscal degeneration, arthrosis of the 
patella”) and no indication. He underwent blood 
tests which disclosed acute gout (uricaemia 8.1, Pcr 
7.60) with probable polyarticular involvement. He 
then started treatment with bilateral intra-articular 
oxygen-ozone injection into the knees of 10 ml gas 
mixture at a concentration of 20 µg/ml (a clear syn-
ovial fluid was aspirated from the joint cavity but 
we decided not to perform arthrocentesis and to 
proceed with the infiltration). One week after the 
first treatment session there was a rapid reduction 
of joint swelling and pain (VAS 5) with a recovery 
of bilateral joint function (flexion 120°). At the 
end of the five weekly injections knee swelling had 
subsided with almost total remission of pain (VAS 
2) and a complete recovery of function (going up 
and down stairs, walking, putting on socks). The 
patient was prescribed medical management for 
the gout (metarsal phalange joint) per os: a full 
dose of allopurinol and NSAIDs. The patient did 
not attend the first follow-up visit one month later 
and let us know he was busy in a sailing competi-
tion. At a recent visit knee joint function was nor-
mal with no swelling. The painkilling effects of the 
oxygen-ozone treatment have persisted a long time 
after suspension of NSAIDs (previously during 
pain), the patient readily goes up and down stairs 
and walks normally. Further follow-up visits have 
been scheduled, the first in four months’ time.
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Shoulder

The shoulder has great freedom of movement 
and serves to orientate the hand in space and 
hence to perform most daily activities. The gleno-

humeral joint is a highly mobile but not very stable 
ball-and-socket joint. Its stability is ensured by 
the glenohumeral fibrous capsule. Joint motility 
depends on the rotator cuff muscles: supraspina-
tus, infraspinatus, teres minor and subscapularis. 

A B

C D

Figure 1  A-D) MR study of the knee before oxygen-ozone therapy: the scan shows femoral-rotular arthrosis with erosion of the joint 
cartilage pannus and marginal osteophytic appositions. Erosion of the cartilage pannus of the patella of the trochlear groove appar-
ently without signs of subchondral injury. Continuous collateral ligaments with marked infiltrate of the lateral and medial capsulo-
ligamentous compartments. Extensive bilateral degeneration of the meniscus with barely recognizable meniscal fibrocartilage and 
residual material extruded from the joint margin. The cartilage pannus appears thin and eroded on both condylar surfaces with signs of 
subchondral injury at the third middle anterior surface of the medial condyle. Fluid within the joint and infiltration of Hoffa’s fat pad.
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Figure 2  Shoulder MR scan after oxygen-ozone treatment. The scan shows arthrosis of the acromioclavicular joint with osteophytic 
appositions on the inferior joint margins impressing the supraspinatous tendon. The structure of the rotator cuff tendons is altered 
with degenerative changes and major impairment of the supraspinatous tendon whose anterior third is lacerated. The humoral CLB 
tendon is in place in the bicipital ridge. The anterior profile of the trochlea of the humerus is irregular and dystrophic. Fluid bloating 
of the subcoracoid bursa due to bursitis.

The suprahumeral joint is not a proper joint but 
plays a functional role protecting the head of the 
humerus. It is made up of the coracoacromial 
arch (coracoid process, acromion and coracoacro-
mial ligament) and the glenoid cavity. This space 

houses the subacromial and subcoracoid bursae, 
the supraspinatus muscle and its tendon, the gleno-
humeral capsule and the tendon of the long head 
of the biceps muscle. The acromioclavicular and 
scapulocostal joints regulate scapular movement 
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(gliding of the scapula on the rib cage) whose 
scapular part depends on the trapezius and dentate 
muscles. The synergic action of these two muscles 
lowers the inferior part of the scapula and rotates 
it externally making it rotate around the acromio-
clavicular joint. In turn this movement raises the 
glenoid cavity. All this occurs during abduction and 
raising of the arm.

The biceps muscle does not play an active part 
in glenohumeral movement and its gliding on the 

bicipital ridge during arm abduction is passive: it is 
the ridge that moves, whereas the muscle stays still. 
When this mechanism is hampered shoulder func-
tion will be impaired to some extent 9,10.

When a person complains of pain in the shoul-
der it is important to rule out an irradiated pain 
(e.g. from the cervical region) or a visceral pain 
manifesting in the shoulder (e.g. of cardiac, pulmo-
nary, splenic or hepatic origin).

History-taking, physical examination and con-

A B

C D
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E F

Figure 3  A-F) MR scan showing bilateal coxarthosis mainly on the right with sclerosis of the acetabular roof and the cotiloid rim. 
Minimal amount of fluid within the joint. Oxygen-ozone therapy led to a complete resolution of pain with full functional recovery.

trol of active and passive movements yield useful 
information on the origin of pain. It is important 
to investigate the features of pain such as its origin 
and extension, bearing in mind that pain arising 
from the shoulder seldom extends beyond the 
elbow. It should also be noted how the patient 
presents to the doctor, the position the painful arm 
is kept in and how s/he undresses. This should be 
observed from all angles. In cases of extreme pain 
caused by microcrystalline bursitis, examination is 

virtually impossible because of the pain (pain usu-
ally subsides after about two weeks of treatment).

The patient must be examined bare chested to 
search for any swelling, asymmetry and differences 
in level between one limb and the other and to 
assess muscle trophism.

Oxygen-ozone therapy is used to treat patients 
with inflammatory rotator cuff tendinopathy (also 
due to overloading), tendinitis of the supraspinatus 
muscle caused by impingement, tenosynovitis of 
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the long head of the biceps, subacromial bursitis, 
frozen shoulder, pain following surgery, painful 
shoulder in the course of inveterate rupture of the 
cuff.

Oxygen-ozone is injected into the shoulder via 
the posterior approach, laterally under the inferior 
margin of the acromion using a 22G needle. After 
aspiration and thorough asepsis up to 10cc of oxy-
gen-ozone mixture are injected slowly at varying 
concentrations depending on the condition but not 
more than 25 µg/ml. If clinically indicated, it is also 
useful to puncture the subacromial bursa and the 
stretch of the long head of the biceps muscle with a 
27G needle injecting microdoses of 0.5-1 cc.

Whenever possible oxygen-ozone therapy should 
be flanked by a period of rehabilitation with indi-
vidually prescribed exercises.

Case Report

A 58-year-old housewife with extremely pain-
ful shoulder and severely limited joint movement 
presented for outpatient assessment. She had pre-
viously undergone many surgical interventions for 
“painful shoulder” and in April 2003 she had also 
undergone shoulder mobilization under narcosis in 
an attempt to recover even partial joint movement 
but without success. Before orthopaedic surgery 
the patient had been treated with physical therapy 
and steroid injections into the right should without 
benefit. At physical examination the right shoulder 
shower diffuse hypertrophy of the muscles of the 
whole scapulo-humeral joint. Joint movement was 
only possible for a few degrees in abduction and 
flexion due to the reduction of movement caused 
by pain. Pain was assessed as VAS 10 and was 
present also at night. The patient required help 
getting dressed and was limited in feeding and 
personal hygiene movements.

She produced an MR scan report of the right 
shoulder (July 2004) stating the following key 
findings: “recurrent rupture of the shoulder rota-
tor cuff … extensive uncovering of the head of 
the humerus … involution of the supraspinatus 
muscle…”. Oxygen-ozone therapy was prescribed 
by intra-articular injection (posterior access: under 
the posterolateral margin of the acromion) and 
peri-articular infiltration (subacromial bursa + 
stretch of the long head of the biceps) during the 
same session using a total of 10 ml gas mixture at a 
concentration of 15 µg/ml. The patient had only a 
reduction of nocturnal pain one week after the first 
treatment session. She subsequently reported a fur-
ther decrease of shoulder pain (measured as VAS 
5) after another two weekly treatment sessions 
and an initial recovery of active shoulder motion 

without pain (abduction and flexion 60°, rotations 
1/3 of the movement). At the end of the treatment 
cycle the patient reported an almost total reduction 
of pain (VAS 2) and a recovery of active shoulder 
function: abduction and flexion more than 90°, 
rotation possible for more than 2/3 of the joint 
excursion, combined abduction and rotation move-
ments with consequent recovery of full autonomy 
in her daily life. After oxygen-ozone therapy the 
patient started a series of exercises designed to 
strengthen the scapulo-humeral muscles and fur-
ther regain movement in the shoulder joint.

Hip

The hip joint is a ball-and-socket joint like the 
shoulder. It therefore has wide possibilities of 
movement but whereas the arms are attached 
to the trunk adding weight to the body, the legs 
receive 80% of body weight through the femoral 
heads. Hip movements are achieved only through 
the coxofemoral joint which is highly stable and 
well seated. Unloading body weight onto the 
femoral heads is a stabilizing element facilitating 
the congruence of joint parts and also contributes 
to the ground reaction allowing maintenance of 
an upright posture and under dynamic conditions 
triggering the force required for walking and 
running 9,10. This explains how the particular func-
tion and structure of the hip expose it to ongoing 
mechanical stress which may be the first cause on 
disease onset. Patients are often not aware of a 
hip inflammation because they complain of pain 
in the anterior thigh and knee rather than the hip 
where the pathological process is underway. This 
is known as referred pain called FABER (Flexion, 
ABduction, External Rotation). The Faber test is 
simpler to perform than to describe. The patient 
lies down placing the heel of one leg on the knee 
of the other. In this position it should be possible 
to lower the knee to the same level of the other leg 
so that both knees touch the bed. If there is inflam-
mation the Faber manoeuvre will be painful and in 
case of consolidated coxarthrosis then the manoeu-
vre cannot be performed or is only partial due to 
restriction of movement 11. When the hip starts to 
be limited in movements the remote symptoms 
are manifested not only in the thigh and knee but 
also in the pelvis and back. When a patient has 
backache or pains in the side of the pelvis the ori-
gin may lie in hip malfunction. Unable to perform 
certain hip movements, the patient overloads the 
pelvic joints and/ those of the lumbar spine.

Oxygen-ozone therapy is used to treat hip pain 
due to functional overload, pain caused by cox-
arthrosis (initial and late), trochanteric bursitis, 
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hip tendonitis and pain following hip surgery. 
Whenever possible oxygen-ozone therapy should 
be flanked by a period of rehabilitation with indi-
vidually prescribed exercises.

The lateral approach is indicated in oxygen-
ozone therapy of the hip. After having located the 
cranial margin of the greater trochanter and after 
sterilizing the area a 25G needle is inserted in a 
direction perpendicular to the greater trochanter 
and after aspiration slowly injecting 5 cc of an oxy-
gen-ozone mixture at a concentration of 25 µg/ml.

Case Report

This method of hip infiltration is called peritro-
chanteric (lateral approach,perpendicular needle, 
single injection of 5 cc gas mixture at a concentra-
tion of 25 µg/ml) and has been successfully used to 
treat many patients with hip pain of different origin 
(coxarthrosis, muscle and tendon disease of the hip, 
trochanteric bursitis). In particular, we treated a 54-
year-old sportsman whose hobby was running. He 
had already received medical management of hip 
pain and physical therapies (ultrasound, laser) and 
functional rehabilitation cycles consisting of mas-
sotherapy and joint mobilizations without benefit.

Muscle and tendon ultrasound scan at the start 
of the patient’s diagnostic work-up showed “right 
trochanteric bursitis”. Initial physical examination 
disclosed swelling in the right greater trochanter 
with increased tactile temperature. Right hip flex-
ion reached 90° with painful arrest, rotations were 
painful (> intrarotation already at the first degrees 
of movement), hip pain was present on applying 
pressure to the greater trochanter and on con-

trasted abduction of the hip. In addition the patient 
referred nocturnal hip pain, difficulty putting on 
his socks and limp on walking with deambulation 
for about 50 metres. Initial pain assessment was 
estimated as VAS 9. The patient was treated by a 
cycle of five ozone therapy sessions (5 cc oxygen-
ozone at a concentration of 25 µg/ml) at weekly 
intervals.

After the first treatment session joint pain sub-
sided with a marked improvement in trochanteric 
swelling. However, the patient’s hip pain had 
a fluctuating course during the five treatment 
sessions with phases of complete remission and 
episodic reacutization. At the end of the treat-
ment cycle nocturnal and daytime pain assessed 
on the VAS score had disappeared. MR scan of 
the right hip at the subsequent follow-up visit 
five weeks after treatment ruled out the previous 
bursitis, thereby confirming the clinical finding. 
This outcome was confirmed at the MR fol-
low-up scan four months later. The patient has 
had a complete recovery of hip joint movement 
and resumed walking without limping and going 
up and down stairs without difficulty. He had 
also resumed the sports activities he had previ-
ously abandoned. He currently attends the ozone 
therapy outpatients’ clinic for follow-up visits and 
any injections to consolidate the results obtained.
Our experiences are in line with current literature 
on the topic and demonstrate the efficacy and 
versatility of ozone as an agent counteracting joint 
pain, inflammation and swelling 1,2,3,4,6,7 also when 
administered in small amounts at weekly intervals. 
Ozone also proved able to spread through tissues 
even after percutaneous periarticular administra-
tion 4,8 with no adverse reactions whatsoever. 
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Reportage by Dr Matteo Bonetti III° National Congress of Ozone in China

The 3  

rd National Ozonotherapy
Congress in China
Urumqi
2006.6.23 .
2006.6.28

Xinjiang is a fine place

 "Our Xinjiang is a fine place, with beautiful 
scenery around Xinjiang...". It is the beginning of 
the popular song Xinjiang is a Fine Place sung all 
over China.

The song eulogizes Xinjiang's charm and fertil-
ity as well as splendid prosperity.

Located in China northwest. Xinjiang Uygur 
Autonomous region covers land of 1.66 square 
kilometers, one sixth of the contry's total area. It 
borders on the eight countries of Mongolia, Russia, 
Kazakistan, Kirgrzstan, Tajikistan, Afghanistan, 
Pakistan and India, with a border-line of 5,000 
kilometers.

Xinjiang is a multi-national compact community 
denominated Uygur nationatality, with a popula-
tion of 19.25 million.

Urumqui is the capital of the region.
Located in the inner-land of Euro-Asian con-

tinent, Xinjiang is featured by splendid moun-
tains and rivers, charming scenery, particular and 
primitive topography, with tha Altay Mountains 
in the North, the Kunlun Mountains, Karakorum 
Mountains and the Altun Mountains in the south; 
the Tianshan mountains towering in the middle, 
wich separates Xinjiang into southern and northern 
areas and forms the Tarim Basin and the Junggar 
Basin. The natural beauty is made up of imposing 
glaciers and snow ridges. Our visit allowed us to 
admire the sights of Xinjinag like the Ancient City 
of Jiaohe and the Kizil Thousand Buddha Caves in 
the Muroty valley and the Flamming Mountain in 
Turpan.

Xinjiang is a fine place, a straordinary experi-
ence for me and Prof. Leonardi.
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Brescia 16 Settembre 2006 I SABATI DI
OZONOTERAPIA

16 Settembre 2006

Segreteria Organizzativa:
X-RAY SERVICE:
Tel +39.030.3197173  -  Fax +39.030.3197171  -  E-mail: info@xrayservice.it

Istituto Clinico Città di Brescia

Reportage

Dr Morosi

Dr.ssa Pacico

Dr Chimenti e Dr Parodi

Dr Gjonovich



Conoscere e capire la terapia con
ossigeno-ozono

21 ottobre 2006  - ore 9.00
Info: 049.86.50.374/371 
formazione@datamedica.it

Sala Riunioni - Euganea Medica 
Via Colombo, 13 Albignasego (Padova) 

In attesa dei Crediti E.C.M. assegnati dalla Regione Veneto 

Docenti:     Dr Gian Luca Maria Alati    Dr Alberto Alexandre   Dr Emma Borrelli   Dr Antonio Gjonovich     Dr Luca Rigobello 

Evento Residenziale rivolto a Medici che effettuano la terapia del dolore:  
anestesisti, angiologi, ortopedici, neurochirurghi, fisiatri. 
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con il patrocinio di: 
Federazione Italiana di
OSSIGENO-OZONOTERAPIA
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Direttore del Corso Dott. Attilio Di Donato

Concordia Hospital for Special Surgery

Roma

Il Corso Itinerante in Ossigeno-Ozono Terapia, viene effettuato allo 
scopo di divulgare la pratica clinica dell’Ossigeno-Ozono secondo le 
linee guida prefissate dalla Federazione Italiana di Ossigeno-Ozonote-
rapia. Il corso viene diviso in tre sezioni: La prima dedicata al razio-
nale della terapia, la seconda alle linee guida di trattamento e la terza 
alla dimostrazione pratica delle varie applicazioni.
Il Corso si terrà presso Hotel River Chateau, Roma ed è riservato a 
90 medici.
Il corso di aggiornamento si svolge in una giornata della durata di 9 

ore, al termine della quale verrà effettuato test di valutazione ECM.
Al termine verrà consegnato un attestato di partecipazione.
L’iscrizione è aperta fino a 1 settimana prima del corso e prevede una quota di 75,00 Euro per i soci FIO; 100,00 
Euro per i non soci, comprensiva di materiale didattico e colazione di lavoro.

Roma
16 Dicembre 2006

Alberto Alexandre Treviso
Cosma Andreula Bari
Velio Bocci Siena
Matteo Bonetti Brescia
Luigi Brina Bari
Attilio Di Donato Roma

Marco Leonardi Bologna
Maurizio Maggiorotti Roma
Alberto Scarchilli Latina
Luigi Simonetti Bologna
Gabriele Tabaracci Montechiari (BS)

Segreteria Organizzativa:

X-RAY SERVICE:

Tel +39.030.3197173 - Fax +39.030.3197171 -  e-mail: info@xrayservice.it

08.30 - Registrazione partecipanti
09.00 - Apertura corso e benvenuto - Dr A. Di Donato
09.15 - Basi scientifiche e mediche dell'Ozonoterapia
  Prof. V. Bocci
09.45 - Ozonoterapia: Stato dell’arte - Dr M. Bonetti
10.15 - Il razionale dell'Ossigeno-Ozonoterapia nel
  trattamento della patologia muscolo-scheletrica
  Prof. M. Leonardi - Dr L. Simonetti
10.45 - La tecnica intradiscale Fluoscopicamente
  guidata - Dr A. Scarchilli

11.15 - Coffee Break

11.45 - Via Intraforaminale - Dr M. Bonetti
12.15 - La tecnica intradiscale TC guidata - Dr Andreula
12.45 - Discussione

13.30 - Lunch Buffet

14.30 - Ozonoterapia ed Incidente Giudiziario
  Dr M. Maggiorotti
15.00 - Ozonoterapia e tecniche mininvasive di
  trattamento del rachide lombosacrale
  Dr A. Di Donato
15.30 - 10 anni di esperienza in Ozono vs tecniche mini
  invasive - Dr A. Alexandre
16.00 - Ossigeno-Ozonoterapia nel trattamento della
  patologia dolorosa del piede e della mano
  Dr G. Tabaracci
16.30 - Valutazione ecografia prima e dopo trattamento
  dell'efficacia della terapia con Ozono nella
  "spalla dolorosa" - Dr L. Brina

17.00 - Videoproiezioni di discolisi - Dr C. Andreula

17.30 - Test di valutazione

18.00 - CHIUSURA DEL CORSO 

Relatori

PROGRAMMA
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Sede: Ospedale Bellaria, Bologna, Italy

Unità Operativa di Neuroradiologia

Dipartimento di Scienze Neurologiche

Cattedra e Servizio di Neuroradiologia

III Congresso FIO
Bologna, 16-17 ottobre 2007

Presidente: Dr Roberto Cardelli

Segretario: Dr Fabio de Santis

Segreteria Scientifica:
Arcobaleno s.r.l.
Via Cogne, 12 - 40026 Imola (Bo)
Tel. 0542 641887
Fax 0542 647883
E-mail: amb.arcobaleno@libero.it

Segreteria Organizzativa:
Segreteria FIO, c/o X-Ray Service srl
Tel +39.030.3197173
Fax +39.030.3197171
E-mail: info@xrayservice.it

Federazione Italiana di
OSSIGENO-OZONOTERAPIA
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World Federation of Oxygen - Ozone Therapy

PRESIDENT
Dr. Vijam Sheel Kumar
Kumar Pain Management
& Spaciality Centre
D.1/28 Vasant Vihar
110057 New Delhi
Tel.: 91 11 26142282 - 26154106
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CENTAURO SRL
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I-40122 Bologna - Italy
Tel. 051.227634 - Fax 051.220099

Dear subscribers – In relation to the provisions of DLgs 196/03, we assure you that your personal information (name, surname, 
qualification, profession and address) currently stored in our database shall be used solely for the purpose of sending business 
letters and notices from publiusher to subscriber. In according with clause 7 of DLgs 196/03, you are entitled to refuse to autho-
rise any use of the information in our possession for purposes other than those prescribed by law.
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Mi impegno al versamento della quota sociale annua di 125,00 €.
Di cui 85,00 € come iscrizione alla FIO e 40,00 € come abbonamento alla Rivista Italiana di
Ossigeno-Ozonoterapia, organo ufficiale della FIO, Banca Carige agenzia 2 di Brescia,
CIN: k abi 06172 cab 11202 C/C 000000624780, oppure inviare con bollettino postale
C/C nr. 43650316, intestato a F.I.O. (Federazione Italiana di Ossigeno-Ozonoterapia).

Dr Matteo Bonetti
Segretario FIO 

Presso: X-Ray Service Srl
Sede amministrativa: Via Leonardo da Vinci, 20 - 25100 Brescia

Sede operativa: c/o Casa di Cura Sant’Anna, Via del Franzone 31 - 25100 Brescia

Tel.: 030.3197173 - Fax: 030.3197171
e-mail: segreteria.fio@cdcsantanna.it

Comunicazione allʼAbbonato - In relazione a quanto disposto dallʼart. 10 della L. n. 675/1996, Le assicuriamo che i Suoi dati 
(nome, cognome, titolo di studio, attività svolta e indirizzo), presenti nel nostro archivio informatico, verranno utilizzati
esclusivamente per lʼinvio di lettere commerciali e avvisi promozionali inerenti al rapporto editore-abbonato. Ai sensi
dellʼart. 13 della L. n. 675/1996, Lei potrà opporsi allʼutilizzo dei dati in nostro possesso se trattati in maniera difforme a 
quanto disposto dalla legge

Federazione Italiana di
Ossigeno-Ozonoterapia

Al Presidente della FIO

Il sottoscritto/a 

Residente in via 

CAP                 Città 

e-mail                                          Telefono                             Fax                             

Chiede di essere iscritto alla FIO - Federazione Italiana di Ossigeno-Ozonoterapia.

Allega un breve curriculum vitae (una  pagina)

Data                                             Firma 
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FEDERAZIONE ITALIANA
DI OSSIGENO-OZONOTERAPIA

Re: association membership fee

Dear Colleague,
This is a reminder that the Association membership fee for 2006 is € 125,00,
inclusive of a subscription to the Rivista Italiana di Ossigeno-Ozonoterapia,
payment by bank draft to Banca Carige - agenzia 2 - Brescia, Italia
IBAN: IT 35 K 06175 11202 000000624780  SWIFT Code: CRGEITGG542, or by credit card

Thank you in advance for your prompt payment.

Yours sincerely,

 Dr Matteo Bonetti
 FIO Secretary

Objeto: cuota de asociación 

Estimado Colega,
quería recordarte que la cuota de asociación por el año 2006 es de € 125,00, la que incluye la 
subscripción a la Rivista Italiana di Ossigeno-Ozonoterapia,
con un pago en la Banca Carige - agencia 2 - Brescia, Italia
IBAN: IT 35 K 06175 11202 000000624780  Codigo SWIFT: CRGEITGG542, o con la tarjeta 
de crédito. 

Te agradezco desde ahora por el pago de la cuota.

Cordialmente

 Dr Matteo Bonetti
 Segreteria FIO

Oggetto: quota associativa 

Caro Collega,
desidero ricordarti che la quota sociale della FIO è per il 2006 di € 125,00,
comprensiva dell’abbonamento alla Rivista Italiana di Ossigeno-Ozonoterapia, con un
bonifico alla Banca Carige - agenzia 2 - Brescia, Italia
IBAN: IT 35 K 06175 11202 000000624780 o con carta di credito. 
oppure inviare con bollettino postale: c/c nr. 43650316, intestato a F.I.O.
(Federazione Italiana di Ossigeno-Ozonoterapia)
Ti ringrazio fin da ora per il pagamento.

Cordialmente

 Dr Matteo Bonetti
 Segreteria FIO

Date…….



Rivista Italiana di Ossigeno-Ozonoterapia is a clinical and practice 
journal documenting the current state of neuroradiology practice. The 
journal publishes original clinical observations, descriptions of new tech-
niques or procedures, case reports and articles on the ethical and social 
aspects of health care. Papers are accepted on the understanding that 
they are subject to peer review, editorial revision and, in some cases, com-
ment by the editors. Manuscripts are examined by independent anony-
mous reviewers. All authors remain anonymous to the reviewers, in line 
with international standards. Manuscripts submitted in English will be 
edited and corrected if necessary. 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.

Submissions should be accompanied by a covering letter signed by all 
authors stating that a) the paper is not currently being considered for 
publication elsewhere; b) all authors have been personally and actively 
involved in work leading to the report and will thus hold themselves 
jointly and individually responsible for its content; c) all relevant ethi-
cal safeguards have been met in relation to patient protection; d) an 
acknowledgement of any financial support from commercial sources or 
pecuniary interest in such enterprises that could pose a conflict of in-
terest including consultations for any product or process mentioned in 
the submission. Failure to make such disclosure in the covering letter will 
result in the manuscript being rejected. All manuscripts and correspon-
dence should be sent to the Editor- in-Chief, Matteo Bonetti. Manuscript 
selection is based on peer review. The guidelines to authors are based 
on the Uniform Requirements for Manuscripts Submitted to Biomedical 
Journals (Ann Intern Med 108: 258-265, 1988).

The publishers will inform the author(s) in case they want to make 
use of their limited copyright. In case of sales of reprints or other repro-
ductions of the article in printed or electronic media, the publisher will 
compensate the authors financially or by other means. The authors retain 
the right to reject publication for purposes they deem to be conflicting 
with their personal or scientific integrity.

GENERAL GUIDELINES – Original articles should be organized 
in the customary format of: Summary, Introduction, Methods, Results, 
Discussion and Conclusion. Case reports should be concise, clear and well 
documented. Technical notes will offer brief descriptions of techniques 
with possible applications. Summaries and captions will be published in 
English and Italian.

REFERENCES – References should be prepared carefully. Journal 
names should be abbreviated according to Index Medicus using the fol-
lowing format:

 1) Names of authors, Capitals of given names (in the case of more 
than three authors use “et Al”): Title of article. abbreviated Journal name 
volume: page-page, year.

i.e.: Laredo JD, Bard M: Thoracic Spine: Percutaneous Trephine Biop-
sy. Radiology 160: 485-489, 1986.

 2) Names of authors, Capitals of given names (in the case of more 
than three authors use “et Al”): Title of book. Printer, City year.

i.e.: Valavanis A: Medical Radiology: Interventional Neuroradiology. 
Springer Verlag, Heidelberg 1993.

 3) Names of authors Capitals of given names (in the case of more 
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1) Si accettano solo lavori originali.

2) Lingua: la Rivista di Ossigeno-Ozonoterapia accetta articoli in in-
glese ed in italiano con didascalie e riassunto nelle due lingue o almeno 
in italiano.

3) Traduzioni: le traduzioni e le revisioni dellʼinglese verranno effettu-
ate da un traduttore specializzato (omaggio dellʼeditore agli autori). Ciò 
consente la migliore uniformità dei testi inglesi.

4) Il testo dei lavori va presentato in tre copie (complete di iconogra-
fia) stampato a doppia spaziatura. Nella prima pagina vanno indicati 
solo il titolo, gli autori, il reparto di appartenenza. Indicare oltre al 
nome, indirizzo e numero telefonico della persona riferimento per ogni 
comunicazione. Nella seconda pagina vanno inseriti il titolo (senza i 
nomi degli autori, per permettere la lettura anonima) e le parole chiave, 
seguiranno poi i riassunti ed il testo.

I riassunti dovranno essere due: uno breve e descrittivo, che sarà 
pubblicato in italiano, ed uno molto ampio ed esaustivo che sarà tradotto 
in inglese e dovrà consentire la piena comprensione del lavoro.

Da ultimo vanno inserite le didascalie dellʼiconografia e delle tabelle 
e la bibliografia (completa, ma essenziale), numerata ed in ordine alfa-
betico.

5) Bibliografia: si prega di seguire le norme editoriali in modo molto 
accurato, limitando le citazioni alle essenziali:

 –  Cognome dellʼautore Iniziale del nome: Titolo del lavoro. Nome ab-
breviato della rivista Volume: pagina iniziale-pagina finale, anno.

 –  Cognome dellʼautore Iniziale del nome: Titolo del libro Editore, 
Città, Paese; Anno: pagina iniziale-pagina finale.

Qualora gli autori siano più di tre si consiglia di indicare i primi due 
più: «et Al».

6) Inviare il testo anche su dischetti da 3 1/2ʼ  ̓per Macintosh, IBM, MS-
DOS o comunque in formati tipo Word, Write, Xpress. Esso dovrà es-
sere battuto senza formattazione od impaginazione. In caso di tabelle, 
grafici o disegni specificare il programma con il quale sono stati creati.

7) Iconografia: si raccomanda la presentazione di iconografia della 
migliore qualità, sotto forma sia di lastre originali (preferibilmente) 
o diapositive, sia di stampe bianco/nero. Le tabelle devono essere 
numerate. Ogni immagine o tabella va corredata da una didascalia sin-
tetica in italiano (traduzione in inglese a cura della redazione). Indicare 
sempre i parametri RM.

Istruzioni per l’invio del materiale iconografico

Lʼimpaginazione grafica dei lavori avviene in ambiente Macintosh.
Immagini a colori: Lʼacquisizione delle immagini deve essere eseg-

uita in modalità (metodo) QUADRICROMIA - CMYK . La modalità RGB 

NORME EDITORIALI

è indicata solo per immagini da riprodurre in video, ma perde la qualità 
con la riproduzione su carta.

Immagini in bianco e nero: Lʼacquisizione delle immagini deve essere 
eseguita in SCALA DI GRIGIO.

Tutte le immagini devono essere acquisite in scanner ad una 
risoluzione di 300 pixel per pollice minimo o di 150 pixel per cm 
minimo. Le immagini devono essere poi salvate in formato .TIFF, 
con base minima 8,1 cm.

È importante che le immagini abbiano queste caratteristiche allʼorigine 
dellʼacquisizione. Le modifiche successive non migliorano la risoluzione 
iniziale. Se non è possibile ottenere queste caratteristiche minime, il ri-
sultato in stampa sarà a bassa definizione. La definizione dipende inol-
tre dal fattore di ingrandimento: unʼimmagine di grandi dimensioni può 
essere ridotta per la stampa e migliorare le caratteristiche di risoluzione; 
ma unʼingrandimento di unʼimmagine piccola mette in luce tutti i più pic-
coli difetti, oltre a ridurre in modo evidente la risoluzione. Le immagini 
inviate per la stampa devono essere assolutamente gli originali di ac-
quisizione. Le immagini già impaginate in documenti Word o PPT (o 
altre applicazioni) o contenute in pagine web, contengono unʼimmagine 
virtuale in bassa risoluzione, non adatta alla stampa tipografica.

Per lʼinvio dellʼiconografia si può utilizzare un cd-rom, masterizzato in 
formato ISO 9006 perché sia leggibile da PC a MAC. Si può utilizzare 
altri supporti, comprimendo i files con Stufflet o Aladdin o Zip, racco-
mandando che lʼoriginale sia in formato TIF e in alta risoluzione.

Il lavoro può essere inviato tramite la rete Internet, ma sempre con le 
stesse caratteristiche iniziali. Naturalmente il tempo dʼinvio sarà lungo 
in relazione al peso delle immagini, ma queste non devono assoluta-
mente essere ridotte di risoluzione per facilitarne lʼinvio.

Se le caratteristiche iniziali delle immagini non fossero quelle richi-
este, perché acquisite con macchinari ospedalieri, sarebbe utile fare 
una verifica del risultato finale: dopo averle salvate in un supporto con 
le caratteristiche sopraddette, utilizzando un altro computer non colle-
gato alla rete di archivio delle immagini che si vogliono stampare, prov-
ate a fare unʼuscita in carta. Da qui si potrà verificare la nitidezza delle 
immagini da stampare. Per questo tipo di immagini si può utilizzare il 
formato JPG. Quando viene dato un nome allʼimmagine, verificare che 
il nome dato corrisponda alla numerazione delle didascalie.

8) Estratti: la Rivista di Ossigeno-Ozono terapia offre agli autori una 
copia omaggio del numero su cui il Loro articolo è pubblicato ed un CD 
gratuito con il file .pdf dello stesso articolo. Questo permetterà agli au-
tori di stampare le copie di cui necessitano, ma un uso commerciale di 
questo CD configura un reato. Per acquistare estratti degli articoli pub-
blicati sulla rivista, si prega contattare Centauro S.r.l. per un preventivo 
di spesa allʼindirizzo serena.preti@centauro.it.

9) Tutto il materiale va inviato al Direttore Scientifico.

Edita da CENTAURO s.r.l. - Sede legale: Via del Pratello, 8 – I-40122 Bologna
C.F. e P. IVA 01896531207 – Cap. soc. Euro 15.600.00 i.v. – Reg. Impr. BO – R.E.A. BO n. 397358

than three authors use “et Al”): Title of chapter. In: Editor’s name: Title 
of book. Printer, City year: page-page.
i.e.: Bonneville JF, Clarisse J et Al: Radiologie Interventionnelle. In: C 

Manelfe (Ed): Imagerie du rachis et de la moelle. Vigot Editeur, 
Paris 1989: 761-776.

ILLUSTRATIONS - Figures should be submitted as original x-ray 
films, slides, glossy or opaque prints (all originals will be returned to 
the authors with offprints).

Clearly indicate on the back of the image the first authors name and 
the number corresponding to the figure caption and citation in the text. 
Do not label the image with arrows, numbers or letters, but indicate on 
a duplicate copy or on a sketch where these indications are desired. Do 
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