
Abstract 

Knee arthrosis is a degenerative process with inflammatory
characteristics that develops in the articular environment, result-
ing in irreversible alterations that tend to impair its functionality.
In this study, we subjected 136 patients to a new infiltrative ther-
apy by means of autologous ozonated blood. The study yielded
positive results on pain symptoms and functional recovery.

Introduction

In orthopedics, knee arthritis is a widespread disease that is
second only to vertebral pathology. This illness affects people over
50 and women the most.

Excessive weight, work and/or sports activity over time, and
repeated use can produce degenerative changes and lead to muscle
and joint imbalances. Such alterations underlie the loss of elastic-
ity and the disappearance of cartilage. Moreover, varus or knee
valgus are predisposing conditions. 

Articular cartilage is a supporting connective tissue consisting
of water, collagen, proteoglycans and chondrocytes. During
inflammatory processes, these components are attacked by metal-
loproteases that initiate cartilage degradation with the involve-
ment of proinflammatory cytokines.1-19

Treatment of gonarthrosis can involve surgery or be of a conser-

vative nature. The surgical approach is favoured when the degener-
ative process compromises fundamental joint functions. The relia-
bility of current surgical techniques provides for a complete func-
tional recovery. Unfortunately, out of approximately 70,000 pros-
thetic interventions per year in Italy, there are 2% to 3% of infec-
tions that prove hard to treat due to antibiotic resistance.6

The conservative approach is suitable when, despite the dis-
crete relevance of the arthritic process, painful symptoms prevail
over functional shortcomings. Non-surgical therapies include the
administration of NSAIDs, physiotherapeutic practices, infiltra-
tion of viscosupplementary agents or intra-articular infiltrations of
growth factors.14,18

Our SIOOT centre in Genoa, given the limited interest of a
large number of patients in the aforementioned conservative ther-
apies, started to practice a new type of therapeutic approach in
April 2015 based on the infiltration of small quantities of autolo-
gous blood of patients after their ozonation.

This approaches arises from certain features of stem cells, the
articular environment, and ozone metabolism.1-3

During in vitro growth, stem cells undergo treatment by Eme
Oxygenase 1 (HO-1) and Nitroxidosynthesis (NOS). The by-prod-
ucts of these two enzymes are carbon monoxide (CO) and nitric
oxide (NO). These help the same stem cells to withstand oxidative
stress and O2 deficiency. Eme Oxygenase 1 also increases the
number of endothelial progenitor cells and promotes significant
anti-inflammatory activities.4

The synovial membrane has phagocytic properties, freeing the
articular cavity from catabolites and foreign material, using A syn-
oviocytes and subsinovial macrophages. What is more, it filters sub-
stances dissolved in the blood for passage into the synovial fluid, and
secretes hyaluronic acid which guarantees the necessary viscosity.

The synovial fluid, a plasma dialysate with 2% of proteins that
in turn are 75% albumin, develops a cartilage nutrition and joint
lubrication function, both of a hydrodynamic nature and via
molecular layers.18 The first one, paramount during walking,
allows the synovial fluid to flow on articular surfaces; the second,
when the joint is under load, makes the layer thinner so that the
articular heads move by sliding a molecular layer on the other.

Studies of synovial analysis in gonocondropathies show how
the inflammatory state alters the permeability of the synovial
membrane, increases the concentration of globulins and depoly-
merises hyaluronic acid, significantly reducing its viscosity.

Among the other functions of elements in the articular envi-
ronment, it is evident that synovial cells and chondrocytes act as
true pluripotent cells, synthesising Collagen, Proteoglycans,
Elastin and Glycoproteins. Furthermore, PDGF calls and activates
Macrophages, Fibroblasts and TGFβ. In turn, activated
Macrophages release PDGF, VDGF and several cytokines such as
TGFα, IL-1 and TGFβ.
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Macrophage cells play a decisive role in the transition process
between inflammation and repair. Growth factors bind themselves
to membrane receptors to modulate cell function through specific
regenerative processes. We also observe how a normal hyperbaric
O2 treatment can result in an eight-fold increase in the number of
stem cells circulating in the patient’s body. This is due to its activ-
ity at the endothelial level which determines the synthesis of NO,
underlying the activation of enzymes that in turn favour the release
of stem cells.12

These observations prompted us to conduct a treatment based on
autologous and ozonated blood. In fact, studies on ozone’s phys-
iopathology evidenced that this can produce a significant increase in
the induction of NO and HO-1, with relative relapse of the synthesis
of mediators, fundamental in counteracting inflammation, the mod-
ulation of the immune response, and the production of different
growth factors. It seemed appropriate to infiltrate a quantity of
ozonated blood in an articular environment considering that the syn-
ovial fluid is a plasma dialysate, the circulation of which is hindered
by lesions of the condyles and the presence of osteophytes.
Moreover, the adhesiveness of condyles on the tibial plates, a typical
feature of arthrosic pathology, involves the arterioles and produces
ischemic effects; the venous vessels, in which upstream ectatic phe-
nomena occur to generate a space-occupying process; and the same
nerve endings, the degeneration of which contribute to the overall
discomfort of the entire joint area. Precisely these structures consti-
tute a usual target for the activity of oxygen ozone. Its antineurotoxic
and protective activity, in fact, have been known for several years,
being thus used to treat pathologies arising from oxygen deficiency
and congestive states. Our study examined patients with gonarthro-
sis assessed by means of the Ahlbach scale (Figures 1-3).

Out of 136 patients enrolled, 94 were females aged between 54
and 70 years, and 42 were males aged between 56 and 72 years.

All patients sought to enroll for primary knee osteoarthritis.
The following inclusion criteria were considered: i) ambulato-

ry patients of both sexes; ii) age above 45 years; iii) one and only
one symptomatic knee; iv) suffering from first and second degree
gonarthrosis in the Ahlbach scale.

Exclusion criteria: i) gonarthrosis higher than the second
degree; ii) symptoms in both knees; iii) deformity in varus or val-
gus greater than 10 degrees; iv) bending contracture above 15
degrees; v) ligamentous instability or lacerations of the meniscus;
vi) having taken NSAIDs within the previous 30 days; vii) intra-
articular injections in the previous 12 months; viii) surgery in the
previous 6 months; ix) physiotherapy in the previous 30 days.

Materials and Methods

Patients were recruited according to homogeneous criteria and
subjected to our protocol by enrolling in two specialized centres,
i.e. Genoa and Bergamo.

The following materials were used: i) ozone generator
MultiossigenMedical 95 CPS; ii) 5 mL syringe; iii) 23G needles
(30 mm0.3 mm); iv) 2.5 mL of oxygen-ozone mixture at 20
micrograms/mL were sampled into the syringe.

Subsequent sampling in the same syringe, of an equivalent
quantity (2.5 mL) of autologous blood.

The syringe was mixed with a slow, circular movement for
about 40 seconds to favour blood oxygenation without producing
hemolysis and avoiding the addition of anticoagulants.10

Infiltration was carried out in different periarticular points of
the entire mixture, both with the haematic and gaseous parts, after
adequate sterilisation of the area to be treated.

Access for infiltration is from the front, with the patient in
supine position with the knee bent at 90 degrees, then identifying
the site in the area of least resistance inside the reference point,
consisting of a patellar ligament, the lower edge of the lateral
femoral condyle, and the upper edge of the tibial plateau.

The insertion of the needle slightly above and parallel to the
tibial plateau, slightly inclined medially towards the intercondylar
fossa (Figure 4).

The protocol envisages an infiltration per week for five weeks
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Figure 1. Radiological evidence of a normal and an arthrophic
knee.

Figure 2. Classification of gonarthrophic pathology according to
Ahlbach.

Figure 3. Number and categories of patients enrolled in the trial.
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of 2.5 mL of autologous blood combined with a mixture of 2.5 mL
of oxygen-ozone at 20 micrograms/mL.

To calculate the Womac Index, the selected sample responded
to a specific questionnaire.

The Womac Index evaluates: i) average pain levels; ii) average
deficit values; iii) average rigidity values.

The Lequesne Algofunctional Index was also calculated to
evaluate: i) pain levels; ii) maximum distance travelled; iii) every-
day activities.

Results

All subjects underwent a specialist examination before and
after the treatment. At the same time, they completed the assess-
ment questionnaires to pinpoint any changes concerning pain and
joint function before and after treatment.

In all patients treated, both male and female and belonging to
groups with first and second degree gonarthrosis on Ahlbach’s
scale, all parameters assessed via the Womac index saw significant
improvement after treatment with O2/O3 (Figure 5).
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Figure 4. Example of autologous ozonized blood infiltration
mode.

Figure 5. Evaluation of patients according to the Womac Index.
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Likewise via the Lequesne Algofunctional Index (Figure 6).
Patients perceived improvement as the first effective medical

intervention after the failure of previous therapies.

Follow-up
All subjects at the end of the cycle were monitored for the next

11 months.
Efficacy values remained substantially stable throughout the

follow-up period on 92 out of 136 patients. 44 patients relapsed to
pre-treatment conditions.

Of these 44, 38 were patients of the group with second degree
and six with first-degree gonarthrosis; seven did not continue with
the trial and the rest were offered the option of joining a new ther-
apeutic cycle, in the evaluation phase.

Discussion

The degenerative pathology of the knee, due to its etiopatho-
genetic and pathophysiological features, constitutes an irreversible
clinical process that can lead to prosthesisation. For this reason, it
is advisable to deal with the problem at the earliest opportunity, as
the first symptoms become persistent.

Alternatively, results produced by the infiltration of hyaluronic
acid are effective and comparable to those following Plasma infil-
tration, which should be further investigated given the insufficient-
ly clear responses and their limited duration.16,17

Infiltrative therapy using autologous ozonized blood is a new
regenerative application that helps delay/avoid surgical 
reatment. 

Conclusions

Our clinical experience, based on the observation of 136
patients suffering from gonarthrosis and undergoing an infiltrative
therapy cycle with autologous ozonized blood, evidenced a signif-
icant improvement both in clinical condition - by reducing painful
symptoms - and in functional recovery.
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Figure 6. Evaluation of patients according to Lequesne
Algofunctional Index.
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