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Abstract

Objective: To examine the pain-reducing effects of intra-articular oxygen–ozone (O2O3) injec-

tions and mechanical focal vibration (mFV) versus O2O3 injections alone in patients with knee

osteoarthritis.

Methods: Patients with chronic pain (>6 weeks) due to knee osteoarthritis (II–III on the

Kellgren–Lawrence scale) were consecutively enrolled and divided into two groups: O2O3

(n¼ 25) and O2O3-mFV (n¼ 24). The visual analog scale (VAS), Knee Injury and

Osteoarthritis Outcome Score (KOOS), and Medical Research Council (MRC) Manual Muscle

Testing scale were administered at baseline (before treatment), after 3 weeks of treatment, and 1

month after the end of treatment. Patients received three once-weekly intra-articular injections

of O2O3 into the knee (20mL O3, 20 lg/mL). The O2O3-mFV group also underwent nine ses-

sions of mFV (three sessions per week).

Results: The VAS score, KOOS, and MRC score were significantly better in the O2O3-mFV than

O2O3 group. The within-group analysis showed that all scores improved over time compared
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with baseline and were maintained even 1 month after treatment. No adverse events occurred.

Conclusion: An integrated rehabilitation protocol involving O2O3 injections and mFV for

3 weeks reduces pain, increases autonomy in daily life activities, and strengthens the quadriceps

femoris.
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Introduction

Patients with knee osteoarthritis (KOA)

develop avoidance behaviors (kinesiopho-
bia) to evade the onset of pain, especially

in the acute phase, limiting their compliance

with effective rehabilitation strategies such
as regular exercises.1–3 Thus, other conser-

vative treatments, such as intra-articular

injections of corticosteroids,4 hyaluronic
acid, or oxygen–ozone (O2O3), can be

useful for reducing pain and represent excel-
lent alternatives in the rehabilitation of

KOA.5–8 Moreover, an integrated rehabilita-

tion approach can allow patients with KOA
to minimize their intake of oral or systemic

pain medications (e.g., nonsteroidal anti-

inflammatory drugs), thus decreasing the
adverse effects of these medications.9–11

Intra-articular injections of O2O3 for

KOA relieve pain, reduce effusion, improve
the mobility of the knee joint, and have

good efficacy, especially during the exacer-
bation of stage I to II pain on the Kellgren–

Lawrence (KL) scale.12–14 Intra-articular

O2O3 injections are safe and have encour-
aging short- and medium-term effects on

pain control and functional recovery in

patients with KOA.15,16 Injections of O2O3

inhibit proinflammatory cytokines, such

as prostaglandin E2, in favor of anti-
inflammatory cytokines, such as interleukin

10, transforming growth factor b, and inter-
leukin 4; antioxidant enzymes; and angio-
genesis. These components cooperate to
repair the articular joint by stimulating
fibroblasts, chondrocytes, and stem cells.9

Considering the benefits of an integrated
rehabilitative approach for patients with
KOA, proprioceptive exercises should be
widely recommended.17 Patients with
KOA commonly experience weakness
during extension of the knee, which often
contributes to the progressive reduction in
muscle mass with age. As age increases, the
number of motor units of the muscle
decreases, causing changes in the ability of
the muscle tissue to generate strength.18,19

This aging-related phenomenon is exacer-
bated at the age of >65 years (similar to
the phenomenon that occurs in patients
with KOA), inducing greater involvement
of the muscles of the lower limbs (particu-
larly the femoral muscle of the
quadriceps).20

During rehabilitation, mechanical focal
vibration (mFV) is used to stimulate indi-
vidual muscle groups and selectively acti-
vate the Ia and IIb fibers and the Golgi
tendon organs, depending on the frequency
of stimulation [in Hertz (Hz)]; the effect of
mFV is to improve muscle strength and
proprioception.21 In a recent review,
Aboutorabi et al.22 studied the use of
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mFV for postural control and gait in elderly
patients. In particular, the application of
vibrating insoles and localized vibrations
to the ankle and foot has had good efficacy.
mFV therapy provides mechanical signals
to the bone and muscle–tendon system, imi-
tating movement and exercise and positive-
ly influencing muscle function and
coordination.23,24 In contrast, no studies
have been performed to assess the effect of
mFV in patients with KOA and the associ-
ation of mFV with intra-articular O2O3

injections.
Our working hypothesis is based on the

fact that the infiltration of O2O3 into the
knee joint of patients with KOA can be
used as adjunctive therapy in rehabilitation
treatment; specifically, we consider that
O2O3 injections can reduce pain through
the ability of O2O3 to limit the release of
inflammatory mediators and activate the
micro-circulation. Thus, the present study
was performed to examine the effects of
the combination of mFV and intra-
articular injections of O2O3 into the knee
with respect to reducing pain and thus
strengthening muscles and improving knee
proprioception, considering the reduction
in pain as the primary outcome and the
recovery of knee function as a secondary
outcome.

Materials and methods

Patients of both sexes with KOA who were
attending the outpatient rehabilitative unit
of G. d’Annunzio University of Chieti-
Pescara from September 2018 to May
2019 were enrolled in this study. The diag-
nosis of KOA was based on clinical and
radiographic criteria established by the
American College of Rheumatology for
KOA.25

The inclusion criteria were an age of 40
to 70 years, diagnosis of chronic pain (>6
weeks) due to KOA (II–III on the KL
scale), 10-cm visual analog scale (VAS)26

score of 3 to 8 (or 4–9 if the patient had
taken pain relievers) during the 48 hours
prior to the screening visit, and discontinu-
ation of analgesics (except paracetamol)
within 2 weeks of the first visit.27

The exclusion criteria were grade I and
IV KOA on the KL scale28; knee joint insta-
bility (anterior cruciate ligament lesion,
decreased muscle strength); pain in the con-
tralateral knee (VAS score of �1); previous
open or arthroscopic knee surgery; a histo-
ry of systemic or local infectious, neoplas-
tic, or rheumatic disease; a pacemaker;
hematological disease; bleeding disorders;
pregnancy; patient refusal or noncompli-
ance; being a candidate for knee joint
replacement; any intra-articular injection
during the last year; addiction to opioid
drugs; thrombocytopenia; use of anticoagu-
lants or antiplatelet drugs; and recent myo-
cardial infarction or stroke.

Clinical data were collected before treat-
ment (T0, baseline), after 3 weeks of treat-
ment (T1), and 1 month after the end of
treatment(T2). Adverse events were also
registered during the follow-up.

This study was performed in accordance
with the Helsinki Declaration on human
experimentation. The study was approved
by the Departmental Committee of
Medical, Oral and Biotechnological
Sciences of G. d’Annunzio University of
Chieti (Italy) (No. 219/2019) and the Ethic
Committee of the Institute for Treatment,
Care and Research, IRCCS Centro
Neurolesi “Bonino Pulejo,” Messina, Italy
(Protocol Number 06-2020). All patients
gave written informed consent to undergo
the treatment after receiving detailed infor-
mation regarding the procedures.29

Study design

This prospective, observational case–con-
trol study was conducted in accordance
with the STROBE guidelines.30 Patients
were consecutively enrolled and divided
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into two groups: the O2O3 group (patients

who underwent treatment with intra-

articular injections of O2O3 into the knee)

and the O2O3-mFV group (patients who

received the same O2O3 injections in addi-

tion to mFV for rehabilitation).
To reduce bias, the rehabilitation physi-

cian who administered the rating scales was

blinded to the patient’s group assignment,

and the researcher who analyzed the data

was blinded to the therapy.

Clinical evaluation scales

A 10-cm VAS (0 cm, no pain; 10 cm, worst

imaginable pain) was used to assess knee

pain experienced during the previous

24 hours.26 The Knee Injury and

Osteoarthritis Outcome Score (KOOS)31,32

was also administered. The KOOS is a

questionnaire that assesses short-term and

long-term patient-relevant outcomes of

knee injury or KOA. The KOOS is self-

administered and evaluates five outcomes:

pain, symptoms, activities of daily living

(ADL), sport and recreational function,

and knee-related quality of life. Finally, a

physiatrist performed a clinical evaluation

of the range of motion of the knee (flex-

ion/extension) and assessed the strength of

the femoral quadriceps using the Medical

Research Council (MRC) Manual Muscle

Testing scale, the score of which ranges

from 0 to 5 (0, no movement; 5, movement

possible against maximum resistance).33

Infiltrative treatment

All patients received three once-weekly

intra-articular O2O3 injections into the

knee (20mL O3, 20 lg/mL).34 All injections

were performed by the same physician who

specialized in physical and rehabilitation

medicine and was trained in intra-articular

infiltration. The anterior access was used,

with the patient supine or sitting on the

edge of the bed with the knee flexed at

90 degrees. Common disinfection standards
were ensured. An 18G needle was used.
After each infiltrative therapy, the patient
applied ice to the painful region for at least
10 minutes.27

Rehabilitative treatment

The patients in the O2O3-mFV group also
underwent nine sessions of mFV therapy
(three sessions per week). Each session
involved mFV at a frequency of 300Hz
for 15minutes and was administered by an
expert physiotherapist who specialized in
physical therapy. The rectus femoris,
tensor fasciae, and vastus medialis muscles
were treated (Figure 1(a)). During the mFV
treatment, the patient was asked to perform
isometric muscle contractions that had been
previously illustrated by the physiothera-
pist. At the end of the treatment, the
patients underwent a 1-month follow-up
period without treatment.

The mFV was applied using a Vibration
Sound SystemVR (ViSS) physical therapy
device (European patent: Ep1824439–CE
1936, Certificate of Conformity: No. HD
60114019; Unibell, Calco, Lecco, Italy).
The transducers had cups with a diameter
of 80 mm, were rectangle-like with a length
of 140 mm, and were composed of acrylo-
nitrile butadiene styrene (a common ther-
moplastic polymer with mechanical
properties, such as impact and heat resis-
tance and toughness), whereas the lateral
bearing was made of a thermoplastic vulca-
nizate (SantopreneTM; ExxonMobil
Chemical, Houston, TX, USA) (Figure 1
(b)). The ViSS system comprises a 32,000-
revolution turbine with a flow rate of 35m3/
hour that generates air waves with a pres-
sure of up to 250 mbar and a flow modula-
tor that vibrates air with a pressure of up to
630 mbar and a frequency of up to 980Hz
(however, a frequency of up to 300Hz is
recommended) to produce mechanoacous-
tic waves.35
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Statistical analysis

Sample size. Based on the results of a previ-
ous study,36 a target sample size of 40
patients (20 in each group) was calculated
to ensure at least 90% power to detect a
difference of 1.7 points with a 1.3-point
standard deviation in the VAS scores
between the two treatment groups using a
two-sided test and a¼ 0.01 (anticipating an
early discontinuation rate of 20%). Results
are expressed as median (range) for contin-
uous variables. The baseline demographic
and clinical data were age, body mass
index (BMI), and sex (female or male).
Differences in baseline characteristics
between the two treatment groups were
analyzed by Fisher’s exact test or the
Mann–Whitney U test, as appropriate.
Time differences between the two groups
were analyzed by the Friedman test for
repeated measures to determine if there
were differences in evaluation times.
Pairwise comparison was performed for
each parameter with Bonferroni correction.

The Mann–Whitney U test was used for all

parameters to evaluate time differences

between groups, and variations (D) in the

VAS score and KOOS between T0 and

T1, T1 and T2, and T2 and T0 were com-

pared between the two groups. A p value of

<0.05 was considered significant. Statistical

analyses were performed using PASW

Statistics for Windows, Version 18.0

(SPSS Inc, Chicago, IL, USA).

Results

Of 55 patients, the data of 49 patients were

analyzed. The O2O3-mFV group comprised

25 patients (6 men, 19 women), and the

O2O3 group comprised 24 patients (5 men,

19 women) (Figure 2).
Six patients were excluded: two patients

in the O2O3 group did not complete the

treatment (one because of an accidental

fall with a resultant femoral fracture and

one because of commencement of another

physiotherapy treatment), and four patients

Figure 1. Mechanical focal vibration. (a) Positioning of the Vibration Sound SystemVR (ViSS) transducers on
the treated muscles. 1, tensor fasciae muscle; 2, rectus femoris muscle; 3, vastus medialis muscle. (b1, b2)
ViSS transducers of different shapes and sizes.
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in the O2O3-mFV group failed to attend

a minimum of eight sessions of mFV.

No patients took analgesics during the

infiltrative treatment. No adverse events

were reported during the infiltrative treat-

ment or observation period. Descriptive

statistics for age, BMI, and sex were

analyzed. Compared with baseline, the

two groups were homogeneous and

matched for age (mean age in O2O3-mFV

group, 64.48� 5.49 years; mean age in

O2O3 group, 59.3� 11.60 years) but not

BMI (mean BMI in O2O3-mFV group,

25.54� 3.29 kg/m2; mean BMI in O2O3

group, 28.84� 2.37 kg/m2; p¼ 0.006)

(Table 1).

The VAS score, KOOS, and MRC score

were significantly better in the O2O3-mFV

group than O2O3 group (Table 2).
The within-group analysis showed an

improvement in the VAS score, KOOS,

MRC score, and KOOS-ADL score over

time compared with baseline, with good

values being maintained even at T2

(Table 3).
No adverse events were reported.

Discussion

This study was performed to verify the

effects of an integrated rehabilitation pro-

tocol in patients with KOA involving a

Figure 2. Study flow chart in line with the STROBE statement. O2O3, oxygen–ozone; mFV, mechanical
focal vibration.
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short protocol of infiltrations with three

once-weekly O2O3 injections in combina-

tion with mFV. The study results are

encouraging in this regard, with a statisti-

cally significant difference in favor of O2O3-

mFV for pain and function. Additionally,

the intra-articular injections of O2O3

relieved pain as reflected by the improve-

ment in the autonomy of ADL, with good

maintenance of the results even at follow-

up. Both groups showed positive trends,

but the improvement in pain in the O2O3-

mFV group was greater and more stable

over time.

There is evidence of the effectiveness of

O2O3 infiltrations in musculoskeletal dis-

eases, but no uniform treatment protocol

has been established.34,37,38 An O3 concen-

tration of 20 lg/mL (10mL) was suggested

by de Jesus et al.39 for intra-articular injec-

tions of the knee, with a protocol of eight

once-weekly infiltrations. This differs from

our protocol, which involved three once-

weekly infiltrations of 20 lg/mL (20mL).
During the past several years, O2O3 ther-

apy has been successfully used to treat low

back pain in patients with lumbar hernias;

it has also been helpful in reducing pain

Table 1. Descriptive statistics for age, weight, height, and BMI in the two groups (median, minimum, and
maximum, mean� standard deviation).

Clinical aspects O2O3-mFV group O2O3 group p value

Number of patients 25 (6 men, 19 women) 24 (5 men, 19 women) –

Age, years 66 (56–77)

64.48� 5.49

67 (43–71)

59.3� 11.60

0.643

BMI, kg/m2 24.93 (21.19–29.32)

25.54� 3.29

25.24 (22.15–29.72)

28.84� 2.37

0.08

Baseline VAS score 5 (5–7) 5 (5–8) 0.829

Data are presented as n, median (range), or mean� standard deviation.

O2O3, oxygen–ozone; mFV, mechanical focal vibration; BMI, body mass index; VAS: visual analog scale.

Table 2. Time difference (D) between the two groups with respect to treatment.

Scales and D Time O2O3-mFV group O2O3 group p value

D T0–T1 VAS score 2 (1–5) 2 (2–5) 0.720

D T1–T2 VAS score 1 (�2 to 4) 1 (�2 to 1) 0.405

D T0–T2 VAS score 4 (2–6) 3 (2–5) 0.049

D T0–T1 KOOS-Pain �27 (�40 to �21) �22 (�31 to �12) <0.001
D T1–T2 KOOS-Pain 7 (�11 to 21) �1 (�15 to 4) 0.005

D T0–T2 KOOS-Pain �28 (�38 to �9) �21 (�39 to �18) 0.809

D T0–T1 KOOS-ADL 26 (8–44) 16 (8–25) 0.003

D T1–T2 KOOS-ADL �7 (�17 to 14) 14 (�11 to 20) <0.001
D T0–T2 KOOS-ADL 22 (8–40) 27.5 (12–32) 0.154

D T0–T1 MRC score 1 (0–2) 0 (0–1) 0.005

D T1–T2 MRC score 0 (�1 to 1) 0 (0–1) 0.697

D T0–T2 MRC score 1 (0–2) 0 (�1 to 1) 0.007

Boldface p values are statistically significant.

O2O3, oxygen–ozone; mFV, mechanical focal vibration; VAS, visual analog scale; KOOS, Knee Injury and Osteoarthritis

Outcome Score; MRC, Medical Research Council; ADL, activities of daily living; T0, before treatment (baseline); T1, end of

3-week treatment; T2, 1 month after end of treatment.
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after the failure of other conservative treat-

ments.37,38,40,41 Although rare, adverse

effects of O2O3 therapy include sweating,

a drop in blood pressure, dizziness, palpita-

tions, and redness of the face accompanied

by headaches.42–44 Thus, patients should

not be discharged immediately after O2O3

infiltration and should instead be moni-

tored for a safe period. In our protocol,

20 minutes was sufficient to rule out the

onset of these adverse effects.
The mechanism of action of O2O3 is

attributed to its downregulation of the syn-

thesis of proinflammatory prostaglandins

and oxidative stress through the induction

of antioxidant enzymes (superoxide dismut-

ase, glutathione peroxidase, and catalase).

In addition, O2O3 improves the supply of

O2 to tissues through vasodilatation and

the stimulation of angiogenesis.45 O3 acts

as a hormonal prodrug:46,47 the use of a

low-level agent, harmful at high levels,

induces an adaptive and beneficial

response. Thus, an appropriate dose of O3

upregulates antioxidant defenses and

reverses chronic oxidative stress.
Intra-articular O2O3 injections (40 lg/

mL) attenuate synovitis in rats with rheu-

matoid arthritis by inhibiting tumor

necrosis factor (TNF)-a and antibodies to

TNF receptor II and enhancing TNFR I

activity against the articular synovium.

Additionally, O2O3 appears to interact

with cytokines, generating an anti-

inflammatory response that might improve

symptoms.48,49

Our results suggest that an integrated

approach to KOA involving intra-articular

O2O3 infiltration into the knee in associa-

tion with mFV has greater effects in pain

relief (Tables 2 and 3) and improves the

strength of the extensor muscle in the

knee. In the field of rehabilitation, there is

much evidence that mFV improves muscle

strength and proprioception using various

protocols depending on the medical

device.21–23 Although there is no universal

consensus on the ideal protocol, the trans-

mission of high- and low-intensity mechan-

ical signals simulates the physiological

stimuli that the human body encounters in

daily life, ensuring safer effects than those

of mild training programs.50,51 Several

groups have shown that mFV consistently

alters the interaction between the vibrated

muscle and its antagonists and increases

motor coordination, thus likely improving

joint performance.52,53 Furthermore, the

Table 3. Post-hoc within-group analyses over time.

Evaluation times Post-hoc

Scales Groups T0 T1 T2 p value p T0–T1 p T1–T2 p T0–T2

VAS O2O3-mFV 5 (5–7) 3 (0–5) 1 (0–3) <0.001 <0.001 0.967 <0.001
KOOS-Pain O2O3-mFV 25 (19–57) 50 (46–87) 61 (37–78) <0.001 <0.001 0.472 <0.001
KOOS-ADL O2O3-mFV 37 (27–63) 63 (55–85) 66 (43–80) <0.001 <0.001 0.359 <0.001
MRC scale O2O3-mFV 4 (2–5) 5 (3–5) 4 (3–5) <0.001 0.002 1 0.022

VAS O2O3 5 (5–8) 3 (1–4) 2 (1–4) <0.001 <0.001 0.250 <0.001
KOOS-Pain O2O3 26 (17–49) 46.5 (39–70) 57 (35–70) <0.001 <0.001 1 <0.001
KOOS-ADL O2O3 33.5 (28–61) 49.5 (39–78) 59 (49–89) <0.001 <0.001 0.447 <0.001
MRC scale O2O3 4 (3–5) 4 (3–5) 4 (3–5) 0.021 0.014 0.08 0.18

Data are presented as median (range).

Boldface p values are statistically significant.

O2O3, oxygen–ozone; mFV, mechanical focal vibration; VAS, visual analog scale; KOOS, Knee Injury and Osteoarthritis

Outcome Score; MRC, Medical Research Council; ADL, activities of daily living; T0, before treatment (baseline); T1, end of

3-week treatment; T2, 1 month after end of treatment.
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onset of the effects of mFV occurs as soon
as 60 minutes after the end of the interven-
tion.54–56 Thus, mFV should be a valid
strategy in rehabilitation programs for
patients with KOA.

Strengths and weaknesses

This study has some points of strengths. No
previous studies have examined an integrat-
ed rehabilitation protocol that combines
intra-articular infiltrations of O2O3 and
instrument-based physical therapy (mFV),
which generated good results for symptom-
atic KOA in the present study. The clinical
implications of this study can be summa-
rized as follows: (i) O2O3 infiltration into
the painful knees of patients with KOA
has a beneficial effect and can serve as a
good adjunct to other rehabilitation thera-
pies (in our case, mFV) or be used in the
preparatory phase for rehabilitative thera-
peutic exercises, and (ii) the adoption of this
altogether short protocol has low costs for
the patient.

This study also has three main limita-
tions. First, it was a prospective observa-
tional study, not a clinical randomized
controlled study (such as a randomized
controlled trial). Second, it did not include
a third group of control patients who
underwent no treatment. Finally, a longer
follow-up period would have been prefera-
ble. Future studies should ideally include
four groups: placebo, O2O3, mFVþO2O3,
and mFV.

Conclusion

A 3-week integrated rehabilitation protocol
of three once-weekly infiltrations of O2O3

and mFV reduces pain, improves autonomy
in ADL, and recovers the strength of the
quadriceps femoris. This study is the first
attempt to document the effects of mFV
with injections of O2O3 into the knees of
patients with KOA, and the data will

serve as a useful reference in common clin-

ical rehabilitation practice. Future clinical

trials are suggested to further develop our

results and provide evidence of long-term

efficacy.

Acknowledgement

We are grateful to Alessia Bramanti of the

Institute for Treatment, Care and Research,

Center of Neurolesi “Bonino Pulejo.” (Messina,

Italy) for her collaboration and suggestions.

Data availability

The datasets that were used or analyzed during

the present study are available from the corre-

sponding author on reasonable request.

Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

Funding

This research received no specific grant from any

funding agency in the public, commercial, or

not-for-profit sectors.

ORCID iDs

Teresa Paolucci https://orcid.org/0000-0002-

8694-1404

Letizia Pezzi https://orcid.org/0000-0002-

4816-9126

References

1. Scopaz KA, Piva SR, Wisniewski S, et al.

Relationships of fear, anxiety, and depres-

sion with physical function in patients with

knee osteoarthritis. Arch Phys Med Rehabil

2009; 90: 1866–1873.
2. Heuts PH, Vlaeyen JW, Roelofs J, et al.

Pain-related fear and daily functioning in

patients with osteoarthritis. Pain 2004; 110:

228–235.
3. Vincent HK, Lamb KM, Day TI, et al.

Morbid obesity is associated with fear of

movement and lower quality of life in

patients with knee pain-related diagnoses.

PM R 2010; 2: 713–722.

Paolucci et al. 9

https://orcid.org/0000-0002-8694-1404
https://orcid.org/0000-0002-8694-1404
https://orcid.org/0000-0002-8694-1404
https://orcid.org/0000-0002-4816-9126
https://orcid.org/0000-0002-4816-9126
https://orcid.org/0000-0002-4816-9126


4. Jones IA, Togashi R, Wilson ML, et al.

Intra-articular treatment options for knee

osteoarthritis. Nat Rev Rheumatol 2019; 15:

77–90.
5. Bannuru RR, Natov NS, Dasi UR, et al.

Therapeutic trajectory following intra-

articular hyaluronic acid injection in knee

osteoarthritis–meta-analysis. Osteoarthritis

Cartilage 2011; 19: 611–619.
6. Bannuru RR, Natov NS, Obadan IE, et al.

Therapeutic trajectory of hyaluronic acid

versus corticosteroids in the treatment of

knee osteoarthritis: a systematic review and

meta-analysis. Arthritis Rheum 2009; 61:

1704–1711.
7. Migliore A, Paoletta M, Moretti A, et al.

The perspectives of intra-articular therapy

in the management of osteoarthritis. Expert

Opin Drug Deliv 2020; 17: 1213–1226.
8. De Sire A, Stagno D, Minetto MA, et al.

Long-term effects of intra-articular oxygen-

ozone therapy versus hyaluronic acid in

older people affected by knee osteoarthritis:

a randomized single-blind extension study.

J Back Musculoskelet Rehabil 2020; 33:

347–354.
9. Seyam O, Smith NL, Reid I, et al. Clinical

utility of ozone therapy for musculoskeletal

disorders. Med Gas Res 2018; 8: 103–110.
10. Bernetti A, Mangone M, Alviti F, et al. Spa

therapy and rehabilitation of musculoskele-

tal pathologies: a proposal for best practice

in Italy. Int J Biometeorol 2020; 64: 905–914.
11. Masiero S, Litwocenko S, Agostini F, et al.

Rehabilitation in an Italian thermal setting:

a new therapeutic strategy for patients with

musculoskeletal disability-the results of an

Italian survey. Int J Biometeorol 2020; 64:

951–954.
12. Oliviero A, Giordano L and Maffulli N. The

temporal effect of intra-articular ozone

injections on pain in knee osteoarthritis. Br

Med Bull 2019; 132: 33–44.
13. Baranova IV. The use of the functional state

of the joints for the estimation of the effec-

tiveness of the application of oxygen/ozone

therapy for the rehabilitative treatment of

the patients suffering from knee arthritis.

Vopr Kurortol Fizioter Lech Fiz Kult 2018;

95: 42–48.

14. Bernetti A, Mangone M, Paolucci T, et al.

Evaluation of the efficacy of intra-articular

injective treatment with reticular hyaluronic

acid (Mo.Re. Technology) in amateur ath-

letes with over-use gonarthrosis. Med Sport

2020; 73: 127–139.
15. Sconza C, Respizzi S, Virelli L, et al.

Oxygen-ozone therapy for the treatment of

knee osteoarthritis: a systematic review of

randomized controlled trials. Arthroscopy

2020; 36: 277–286.
16. Noori-Zadeh A, Bakhtiyari S, Khooz R,

et al. Intra-articular ozone therapy efficient-

ly attenuates pain in knee osteoarthritic sub-

jects: a systematic review and meta-analysis.

Complement Ther Med 2019; 42: 240–247.
17. Iolascon G, Gimigliano F, Moretti A, et al.

Early osteoarthritis: how to define, diag-

nose, and manage. A systematic review.

Eur Geriatr Med 2017; 8: 383–396.
18. Pietrangelo T, Mancinelli R, Toniolo L,

et al. Effects of local vibrations on skeletal

muscle trophism in elderly people: mechani-

cal, cellular, and molecular events. Int J Mol

Med 2009; 24: 503–512.
19. Brown WF, Strong MJ and Snow R.

Methods for estimating numbers of motor

units in biceps-brachialis muscles and losses

of motor units with aging. Muscle Nerve

1988; 11: 423–432.
20. Aniansson A, Hedberg M, Henning GB,

et al. Muscle morphology, enzymatic activi-

ty, and muscle strength in elderly men: a

follow-up study. Muscle Nerve 1986; 9:

585–591.
21. Souron R, Besson T, Millet GY, et al. Acute

and chronic neuromuscular adaptations to

local vibration training. Eur J Appl Physiol

2017; 117: 1939–1964.
22. Aboutorabi A, Arazpour M, Bahramizadeh

M, et al. Effect of vibration on postural con-

trol and gait of elderly subjects: a systematic

review. Aging Clin Exp Res 2018; 30:

713–726.
23. Cardinale M and Bosco C. The use of vibra-

tion as an exercise intervention. Exerc Sport

Sci Rev 2003; 31: 3–7.
24. Rabini A, De Sire A, Marzetti E, et al.

Effects of focal muscle vibration on physical

functioning in patients with knee

10 Journal of International Medical Research



osteoarthritis: a randomized controlled trial.

Eur J Phys Rehabil Med 2015; 51: 513–520.
25. Altman R, Asch E, Bloch D, et al.

Development of criteria for the classification

and reporting of osteoarthritis. Classification

of osteoarthritis of the knee. Diagnostic and

Therapeutic Criteria Committee of the

American Rheumatism Association.

Arthritis Rheum 1986; 29: 1039–1049.
26. Chapman CR, Casey KL, Dubner R, et al.

Pain measurement: an overview. Pain 1985;

22: 1–31.
27. Santilli V, Mangone M, Paoloni M, et al.

Comment on “Early efficacy of intra-

articular HYADDVR 4 (HymovisVR ) injections

for symptomatic knee Osteoarthritis.” Joints

2018; 6: 131–132.

28. Kellgren JH and Lawrence JS. Radiological

assessment of osteo-arthrosis. Ann Rheum

Dis 1957; 16: 494–502.
29. Nijhawan LP, Janodia MD, Muddukrishna

BS, et al. Informed consent: issues and chal-

lenges. J Adv Pharm Technol Res 2013; 4:

134–140.
30. Von Elm E, Altman DG, Egger M, et al.

The Strengthening the Reporting of

Observational Studies in Epidemiology

(STROBE) statement: guidelines for report-

ing observational studies. Ann Intern Med

2007; 147: 573–577.
31. Roos EM, Roos HP, Lohmander LS, et al.

Knee Injury and Osteoarthritis Outcome

Score (KOOS)–development of a self-

administered outcome measure. J Orthop

Sports Phys Ther 1998; 28: 88–96.
32. Monticone M, Ferrante S, Salvaderi S, et al.

Development of the Italian version of the

knee injury and osteoarthritis outcome

score for patients with knee injuries: cross-

cultural adaptation, dimensionality, reliabil-

ity, and validity. Osteoarthritis Cartilage

2012; 20: 330–335.
33. Ciesla N, Dinglas V, Fan E, et al. Manual

muscle testing: a method of measuring

extremity muscle strength applied to critical-

ly ill patients. J Vis Exp 2011; 50: 2632.

34. Feng X and Beiping L. Therapeutic efficacy

of ozone injection into the knee for the oste-

oarthritis patient along with oral celecoxib

and glucosamine. J Clin Diagn Res 2017;

11: UC01–UC03.

35. Paolucci T, Bellomo RG, Pezzi L, et al. A

novel rehabilitative protocol in the treat-

ment of mixed urinary incontinence in

women: the effects of focused mechano-

acoustic vibration. Biores Open Access

2019; 8: 219–228.
36. Di Sante L, Paoloni M, Dimaggio M, et al.

Ultrasound-guided aspiration and cortico-

steroid injection compared to horizontal

therapy for treatment of knee osteoarthritis

complicated with Baker’s cyst: a random-

ized, controlled trial. Eur J Phys Rehabil

Med 2012; 48: 561–567.
37. Biazzo A, Corriero AS and Confalonieri N.

Intramuscular oxygen-ozone therapy in the

treatment of low back pain. Acta Biomed

2018; 89: 41–46.
38. Apuzzo D, Giotti C, Pasqualetti P, et al. An

observational retrospective/horizontal study

to compare oxygen-ozone therapy and/or

global postural re-education in complicated

chronic low back pain. Funct Neurol 2014;

29: 31–39.
39. de Jesus CCL, Dos Santos FC, de Jesus

LMOB, et al. Comparison between intra-

articular ozone and placebo in the treatment

of knee osteoarthritis: A randomized,

double-blinded, placebo-controlled study.

PLoS One 2017; 12: e0179185.
40. Paoloni M, Di Sante L, Cacchio A, et al.

Intramuscular oxygen-ozone therapy in the

treatment of acute back pain with lumbar

disc herniation: a multicenter, randomized,

double-blind, clinical trial of active and sim-

ulated lumbar paravertebral injection. Spine

(Phila Pa 1976) 2009; 34: 1337–1344.
41. De Sire A, Baricich A, Minetto MA, et al.

Low back pain related to a sacral insufficien-

cy fracture: role of paravertebral oxygen-

ozone therapy in a paradigmatic case of

nociplastic pain. Funct Neurol 2019; 34:

119–122.
42. Borrelli E, Alexandre A, Iliakis E, et al.

Disc herniation and knee arthritis as chronic

oxidative stress diseases: the therapeutic

role of oxygen ozone therapy. J Arthritis

2015; 4: 161.
43. Al-Jaziri AA and Mahmoodi SM.

Painkilling effect of ozone-oxygen injection

on spine and joint osteoarthritis. Saudi Med

J 2008; 29: 553–557.

Paolucci et al. 11



44. Perri M, Grattacaso G, Di Tunno V, et al.
T2 shine-through phenomena in diffusion-
weighted MR imaging of lumbar discs after
oxygen-ozone discolysis: a randomized,
double-blind trial with steroid and O2-O3
discolysis versus steroid only. Radiol Med

2015; 120: 941–950.
45. Latini E, Curci ER, Massimiani A, et al.

Ultrasonography for oxygen-ozone therapy
in musculoskeletal diseases. Med Gas Res

2019; 9: 18–23.
46. Bocci V, Borrelli E, Travagli V, et al. The

ozone paradox: ozone is a strong oxidant as
well as a medical drug. Med Res Rev 2009;
29: 646–682.

47. Calabrese EJ. Paradigm lost, paradigm
found: the re-emergence of hormesis as a
fundamental dose response model in the tox-
icological sciences. Environ Pollut 2005; 138:
379–411.

48. Yu B, Chen HQ, Lu CH, et al. [Effect of
intra-articular ozone injection on serum
and synovial TNF-a, TNFR I, and TNFR
II contents in rats with rheumatoid arthritis].
Nan Fang Yi Ke Da Xue Xue Bao 2011; 31:
1055–1058.

49. Murphy K, Elias G, Steppan J, et al.
Percutaneous treatment of herniated

lumbar discs with ozone: investigation of
the mechanisms of action. J Vasc Interv

Radiol 2016; 27: 1242–1250.e3.
50. Saggini R, Ancona E, Carmignano SM,

et al. Effect of combined treatment with

focused mechano-acoustic vibration and
pharmacological therapy on bone mineral
density and muscle strength in post-
menopausal women. Clin Cases Miner

Bone Metab 2017; 14: 305–311.
51. Celletti C, Fara MA, Filippi GM, et al.

Focal muscle vibration and physical exercise
in postmastectomy recovery: an explorative
study. Biomed Res Int 2017; 2017: 7302892.

52. Filippi GM, Fattorini L, Summa A, et al.
Effects of focal vibration on power and
work in multiple wingate tests. Biol Sport

2020; 37: 25–31.
53. Brunetti O, Botti FM, Roscini M, et al.

Focal vibration of quadriceps muscle enhan-
ces leg power and decreases knee joint laxity
in female volleyball players. J Sports Med

Phys Fitness 2012; 52: 596–660.
54. Marconi B, Filippi GM, Koch G, et al.

Long-term effects on motor cortical excit-
ability induced by repeated muscle vibration
during contraction in healthy subjects.
J Neurol Sci 2008; 275: 51–59.

55. Filippi GM, Brunetti O, Botti FM, et al.
Improvement of stance control and muscle
performance induced by focal muscle vibra-
tion in young-elderly women: a randomized
controlled trial. Arch Phys Med Rehabil

2009; 90: 2019–2025.
56. Cerciello S, Rossi S, Visonà E, et al. Clinical
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