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Abstract.

BACKGROUND: Osteoarthritis (OA) is a widely-known disease distinguished by the breakdown of joint cartilage, leading to
pain and morning stiffness. In this context, the role of corticosteroids is well known, but there is still a gap of knowledge on the
duty of oxygen-ozone therapy (02-03).

OBJECTIVE: To evaluate for effectiveness of ultrasound-guided O2-O3 injections compared with corticosteroid injections
among patients diagnosed with knee OA.

METHODS: This randomized controlled clinical trial was conducted on participants with knee OA who were randomly sorted
into two groups: group A, undergoing corticosteroid group (n = 47) and group B, undergoing 02-O3 (n = 49) were injected
within the knee joint under ultrasound guidance. The primary outcome measure was the change in the Western Ontario and
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McMaster Universities Osteoarthritis (WOMAC) score between baseline and 12-weeks post-injection. Secondary outcome
measures included visual analog scale scores, joint effusion and a knee flexion ROM. Assessments were recorded at baseline
and 4-weeks and 12-weeks post-injection. For the examination of intra- and inter-group variations at various time points, a
repeated-measure analysis of variance (two-way ANOVA) was employed.

RESULTS: Ninety-six participants completed this study. Based on repeated measurement analysis of variance, a significant effect
of time was found for all outcome measures in both groups. Both groups showed clinically significant improvements in knee
pain, quality of life and, function. Baseline, 4-week post-injection and 12-week post-injection WOMAC scores (mean =+ standard
deviation) were 72.54 £ 18.89, 45,95 4+ 13.30 and 37.10 & 19.87 (p = 0.00, p = 0.00, p = 0.00; respectively) in the corticosteroid
group, respectively and 68.23 £ 20.18, 42.99 + 18.67, and 33.43 £ 18.24 (p = 0.00, p = 0.00, p = 0.00; respectively) in the
ozone group, respectively. However, no significant group x time interaction was determined regarding all outcome measures.
CONCLUSION: The study demonstrates the efficacy of O2-O3 compared to steroid injections regarding functioning and pain

relief among patients with diagnosed knee OA.

Keywords: Ozone, knee osteoarthritis, corticosteroids, rehabilitation, oxygen-ozone therapy

1. Introduction

Knee osteoarthritis (OA) is a ubiquitous leisurely
progressive complaint in which diminished capacity
is resulting in pain and increased joint limitation [1].
Global occurrence of knee OA has been approximated
to 3.8% [2]. Radiographic evidence indicative of knee
OA is identified in approximately 19% of the Framing-
ham adult population aged 50-60 years [3]. Individuals
diagnosed with knee OA customarily demonstrate ten-
derness, pain, loss of flexibility, grating sensation, and
crepitus inside their joints. Diagnosis is fundamentally
derived from this clinical presentation, accompanied by
incorporating radiological imaging modalities.

Non-surgical treatment of KOA commonly includes
pharmacological therapy, nutraceuticals, physical ther-
apy, physical agent modalities, intra-articular injections
of hyaluronic acid (HA), corticosteroids, and oxygen-
ozone therapy (02-03) [4,5,6]. The latter consists of
a concoction of oxygen and ozone and can enhance
cellular oxygenation and expedite the development of
reactive oxygen species, and thereby could attenuate
the secretion saof proinflammatory cytokines, which
frustrates the activation and thus regains the symptoms
of knee OA [7]. In this context, previous studies sug-
gested promising effects of oxygen and ozone injections
contrast to HA injection in patients with knee OA [8,9].

Taken together, these findings underline that there is
still insufficient knowledge concerning the effective-
ness of oxygen and ozone in improving symptoms of
partipicants diagnosed with knee OA. Thus, the primary
objective of this study was to investigate the efficacy
of ultrasound-guided O2-O3 injections with corticos-
teroid injections in terms of functioning in the cohort
of subjects characterized by knee OA. The study hy-
pothesized that ozone therapy will be effective on pain
and the functions of patients with knee OA in long-term
follow-ups.

2. Methods
2.1. Study design

This randomized trial was conducted following the
CONSORT guidelines [10]. All study procedures were
conducted according to the ethical principles derived
from the Declaration of Helsinki and the study re-
searchers guarantee the privacy of all study partici-
pants. Before study initiation, the study protocol was
submitted to the clinical trial registry under number
NCTO04830423. The study protocol and design were
approved by the Duzce University Ethics Committee
(approval number: 2020-7-4) and informed consent was
obtained from all participants.

2.2. Participants

Inclusion criteria: (1) Knee OA following the criteria
established by the American College of Rheumatology;
(2) grade 1, I , and III based on Kellgren-Lawrence
classification system; (3) knee pain persists for more
than 6 months; and (4) people aged 40-75. Exclu-
sion criteria: (1) Individuals diagnosed with inflamma-
tory arthritis (Rheumatoid arthritis, connective tissue
disease, crystal arthropathies) (2) participants include
individuals with a documented history of trauma or
knee operations; (3) history of any infection and malig-
nancy; (4) pregnancy; (5) patients who have undergone
knee injections within the last three months; (6) un-
controlled diabetes or consumption of anticoagulants;
(7) insufficient G6PD, uncontrolled hyperthyroidism,
or leukemia.

A physical medicine and rehabilitation specialist,
who was unaware of the treatment assignments, con-
ducted both the physical examinations and medical his-
tory assessments.
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2.3. Baseline assessment

Participants in the research took part in a baseline
visit at which the following procedures were performed:
medical records (age, gender, body mass index), phys-
ical examination of knee, evaluation of knee radio-
graphs and application of the following assesment sur-
veys: Visual Analogue Scale (VAS) [11], Western On-
tario and McMaster Universities Osteoarthritis Index
(WOMAC) [12,13].

The measurement of active flexion knee range of
motion (ROM) was conducted with patients in a prone
posture, maintaining a neutral hip position. A goniome-
ter was utilized, with its axis positioned on the lat-
eral part of the knee joint. An ultrasound examination
was carried out to evaluation effusion by scanning the
region over the supra-patellar recess. The ultrasono-
graphic evaluations were carried out employing a 5—
12 MHz curvilinear transducer (Logice portable; GE
Healthcare, China), administered by the same physi-
atrist with a decade of experience in musculoskeletal
ultrasonography.

Patients were positioned in a supine posture, with
their knees flexed at 20° and underpinned by a rolled
towel. Initially, the transducer was longitudinally placed
on the quadriceps muscle and tendon and the suprap-
atellar recess was demonstrated, situated between the
pre-femoral fat-pad posteriorly and the quadriceps ten-
don and suprapatellar fat-pad at the anterior edge, pre-
senting as a hypoechoic or anechoic fluid-containing
area through high-frequency ultrasound.

2.4. Randomization

Individuals who fulfilled the inclusion criteria were
randomized into two groups with a computer-assisted
program. This concluded in groups with evenly dis-
tributed samples and balanced distribution of important
controlled variables (age, gender, timeframe of knee
pain). The physician who evaluates the results after
treatment; was blinded from data analysis and which
group the participants were in.

Participicants diagnosed with knee OA who met the
study participation criteria were randomized into two
groups: group A received corticosteroids and group B
received oxygen—ozone injection. With the objective of
avoiding selection bias, all included participants were
sequentially assigned to the oxigen-ozone group or cor-
ticosteroid group by a predetermined method. An inde-
pendent physiatrist that evaluated the implications did
not know which group the patients were distributed to.

The participants and the physiatrist that administered
the injection were not blinded to group allocation due
to the inherent nature of the interventions (liquid versus
gas).

2.5. Intervention

Injections in both groups were performed under US
guidance (with a 5-12 MHz linear transducer [Logic e
portable; GE Healthcare, Jiangsu, China]) by the same
physiatrist. The injections were administered into the
femorotibial articular interline 1.5 cm laterally to the
patellar tendon and 1.5 cm below the apex of patella
with an in-plane superolateral approach, mixture of
1 mL corticosteroid (betamethasone 3 mg/mL) and 1 ml
of 2% lidocaine solution (without vasoconstrictor) in
the corticosteroid injection group. Three sessions (1 ses-
sion/week) of 10 mL of ozone (02-O3) (with a concen-
tration of 10 pg/mL in the first session, 15 pg/mL in
the second session, and 20 pg/mL in the third session)
were injected in the ozone (O2-O3) injection group. The
ozone for medical use was obtained from an ozone gen-
erator (EVOZONE, Reutlingen, Germany). The iden-
tified ozone (O2-O3) concentration was selected, and
a 10 mL volume of ozone (02-03) was filled into the
syringe from the generator.

Prior to the injection, all patients received instruc-
tions to engage in quadriceps muscle strengthening ex-
ercises. Each participant was supplied written instruc-
tions these exercises, which included, hamstring stretch,
seated hip march, and quad sets. They were instructed
to perform these exercises ten times, three times per day
over the study period. Following the injection, patients
were advised to apply a cold pack to the knee for a
duration of 5 to 10 minutes. This cold pack application
could be repeated three to four times a day. After the
knee injection, patients were advised to avoid making
efforts for at least 24 hours.

2.6. Outcome measures

The primary endpoint parameter was the change in
the WOMAC score between the pre-treatment and 12-
weeks post-treatment. Secondary endpoint parameter
enrolled the VAS at rest and activity scores. Observa-
tions were recorded at pre-treatment and at 4-weeks
and 12-weeks post-treatment. Patients were questioned
for side effects at each assessment. A self-conducted
assessment, tool, the WOMAC, has been used for knee
ostheoarthritis [13]. The WOMAC is frequently em-
ployed in the evaluation of hip and knee OA [12]. It is
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a self-conducted questionnaire consisting of three sub-
scales: Pain, Stiffness and Physical Function. Turkish
validity and reliability study was conducted [13].

For the VAS, patients were asked to circle the number
between 0 and 10 that fits best to their pain intensity.
Pain affliction was determined using the standard 10 cm
(at rest, at motion and at night) [11].

The mentioned indices were reassessed based on the
study criteria at the baseline, as well as at one month
and three months afterward, with the evaluations being
conducted by an investigator who was blinded to the
study. At the 3rd month follow-up, the patients’ joint
ROM and the presence of effusion in the joint were
evaluated with ultrasonography.

2.7. Statistical analysis

Sample size calculation was performed with GPower
software. Based on Choi et al., a potency of 0.80 with
an alpha of 0.05 and accounting for 10% dropout, a
subset of 96 participants was sufficient to detect a 15%
difference in the change in VAS between control and
RF group respectively (baseline-1 week: 33.7 & 13.8,
41.2 4+ 18.3; baseline-4 week: 4.2 + 16.1, 44.7 + 17.7;
baseline-12 weeks: —1.1 4+ 6.5, 35.9 + 23.2) with
appropriate adjustments for repeated measures [14].

SPSS version 25 was used to analyse data, using de-
scriptive statistics including means and standard de-
viations where applicable. Preliminary evaluation in-
volved subjecting the data to a Shapiro-Wilk test to as-
sess the normality of its distribution. Results indicated
non-significance, affirming the data’s adherence to a
normal distribution. Continuous data were represented
by the mean = standard deviation, as well as the median
(interquartile range) to present the central tendency and
dispersion. Conversely, categorical data were expressed
as percentages.

Nominal data were subjected to analysis using the
Pearson 2 test. In instances involving the comparison
of two groups, utilized either the Mann-Whitney U test
or the independent samples ¢-test, contingent on data
characteristics.

The primary outcome (WOMAC) displayed a nor-
mal distribution, thereby warranting employment of the
independent samples ¢-test for between-group compar-
isons. For the examination of intra- and inter-group
variations at various time points, a repeated-measure
analysis of variance (two-way ANOVA) was employed.
Subsequent post-hoc analyses entailed the application
of the Bonferroni test to ascertain specific inter-group
disparities. Statistical significance was predetermined

at P < 0.05, denoting that outcomes attaining p-values
below this threshold were deemed statistically signifi-
cant.

3. Results

One hundred and twenty-six patients were initially
assessed for study eligibility, and ultimately 100 partic-
ipants were assigned randomly to either the corticos-
teroid group or the ozone (02-O3) group. In the first
month of follow-up, 4 patients were unable to partici-
pate in the study, while 96 patients successfully com-
pleted it. The graphical representation of participant
flow is shown in Fig. 1, utilizing the CONSORT dia-
gram.

At baseline (study initiation), no significant differ-
ences in demographic, ultrasonographic, or clinical
characteristics were evident between the corticosteroid
and ozone (O2-O3) injection groups, as tabulated in
Table 1.

The outcomes obtained from the repeated-measure
analysis of variance are presented comprehensively in
Table 2 and graphically displayed in Fig. 3. A notewor-
thy temporal effect was identified for all outcome mea-
sures within both groups (Table 2). When comparing
the baseline measurements to those taken at 4 weeks
post-injection (P < 0.001 for all outcome measures)
and 12 weeks after first injection (P < 0.001 for all
principal outcomes), it was evident that all outcome
measures exhibited significant improvement over time
in the oxygen-ozone group.

Moreover, regarding the VAS at rest, VAS on move-
ment and WOMAC scores, no significant interaction
between the groups and time was ascertained (P =
0.31, p = 0.13 and P = 0.79, sequentially) (Table 2,
Fig. 3). These results and analysis imply that the im-
provements witnessed in both treatment groups were
not notably divergent from one another. It is pertinent
to note that no adverse effects were reported by the
patients in either treatment group throughout the entire
duration of the study.

In the steroid group, initially, effusion was observed
in 38.3% of patients during ultrasound evaluation. Sub-
sequent evaluations at weeks 4 and 12 revealed effu-
sion in 12.8% of the patients. Conversely, in the ozone
group, effusion was initially detected in 55.1% of pa-
tients’ knees. However, by the conclusion of weeks 4
and 12, the percentage of patients with knee effusion
had decreased to 10.2%.
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Fig. 1. CONSORT diagram.

4. Discussion

In the realm of OA, the tandem occurrence of ad-
vancing articular cartilage degeneration and inflamma-
tory processes precipitates the emergence of both pain
and joint deformities. The paramount therapeutic goals
revolve around the mitigation of pain and the preserva-
tion of joint mobility. In pursuit of these objectives, an
array of intra-articular injection modalities has been uti-
lized. Within this spectrum, the preeminent options fre-
quently employed in clinical practice encompass non-
steroidal anti-inflammatory drugs, glucocorticoids, HA,
platelet-rich plasma (PRP), and ozone [9].

The aim of the present investigation was to assess
and check against the effects of two treatment ap-
proaches, ultrasound-guided knee corticosteroid injec-
tion and ozone (02-03) injection, in patients suffer-
ing from knee OA. The study’s results indicated that
both corticosteroid and ozone (02-03) injections led
to meaningful and clinically significant improvements
in various aspects, including knee pain, disability, and
overall knee function. However, the study found signifi-
cant differences between the outcomes of a single corti-
costeroid injection and the application of three consec-
utive ozone (02-03) injections. In summary, this study
suggests that both treatments (corticosteroid injection
and ozone (O2-O3) injection) offer comparable bene-
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Table 1

Participant characteristics and clinical attributes of the corticosteroid and ozone (02-O3)

groups at baseline

Corticosteroid group

Ozone (O2-03) group

Parameters (n = 47) (n = 49)
Age (years) 62.5148.59 62.5949.52 0.965
Gender, n (%)

Female 42 (89.4) 41 (83.7)

Male 5(10.6) 8 (16.3)
Occupation, n (%)

Retired 5(10.6) 23 (46.9)

Working 8(17) 4(8.2)

Never worked 34 (72.3) 22 (44.9)
BMI (kg/m?) 30.02 £5.34 29.62 £ 4.62 0.697
Flexion ROM (Right) (°) 126.80 £ 18.07 127.04 £+ 22.31 0.956
Flexion ROM (Left) (°) 130.21 = 11.93 127.12 +21.39 0.387
Kellgren-Lawrence (right) 2.80 + 0.495 2.87 £+ 0.633 0.554
Kellgren-Lawrence (left) 291 £ 0.458 2.95£0.78 0.739
VAS-rest (0-10) 553 +£2.15 5.26 £+ 2.03 0.535
VAS-move (0-10) 7.87+£13 7.32 £+ 1.40 0.059
WOMAC (0-100) 5791 £ 18.97 69.03 £ 15.89 0.052

Data are showcased as mean 4+ SD. VAS: Visual analog scale; WOMAC: The western
ontario and McMaster universities osteoarthritis index.

fits in alleviating symptoms and enhancing the overall
well-being of patients with knee OA.

Ozone, chemically denoted as O3, constitutes the
allotropic manifestation of oxygen. Its application ex-
tends to the administration of diverse situations, encom-
passing infections, autoimmune disorders, and ortho-
pedic ailments [15]. Notably, ozone is characterized by
analgesic, anti-inflammatory, modulator of the immune
system, and trophic attributes [16]. It is imperative to
acknowledge that ozone does not fall within the cate-
gory of homeopathic drugs. In contrast, ozone distinctly
adheres to a dose-effect relationship, thus departing
from the principles of homeopathy [17].

Ozone exhibits the ability to impede the formation of
inflammatory bradykinin and prostaglandins, thereby
promoting a decrease in pain perception and promot-
ing the reabsorption of edema [18]. A pivotal aspect
of the adjustable response to the sustained oxidative
state induced by ozone is the stimulation of antioxidant
enzyme synthesis, encompassing superoxide dismutase,
catalase, and glutathione peroxidase. This rationale un-
derscores the initial administration of ozone at lower
dosages [19]. Diverse therapeutic applications neces-
sitate varying dosages to attain optimal effects, falling
within a therapeutic range of 10 to 80 pg/mL [20].

Nevertheless, O2-O3 injection is considered a rela-
tively safe and effective therapeutic approach. Several
studies have highlighted the safety of ozone injections
in musculoskeletal disorders [21,22,23]. However, to
guarantee safety, it is essential to set ozone concentra-
tions within a prescribed range. Within the scope of this

study, the ozone concentrations used were determined
based on the recommendations provided by the Interna-
tional Scientific Committee of Ozonotherapy (ISCO3)
for musculoskeletal treatment [24]. Using convenient
and carefully controlled ozone concentrations can con-
tribute to the safety and effectiveness of ozone injec-
tion therapy, making it a promising option for certain
medical conditions.

Ozone intervention has a longstanding history in the
handling of OA treatment [18]. Moreover, experimental
evidence substantiates that it does not reveal a substan-
tial inflammatory process or contribute to cartilage cor-
ruption [20]. Several investigations have been under-
taken to determine the impact of ozone (02-O3) therapy
in the context of knee disorders [25,26,27]. These stud-
ies exhibit changeability with respect to all-important
parameters, including the concentration and volume of
ozone (0O2-0O3) administered, the frequency of injec-
tion sessions, and the specific injection methodology
employed.

Ozone constitutes a triatomic variant of oxygen, pre-
dominantly harnessed for its application in rheumatoid
arthritis and OA [16]. Additionally, ozone therapy en-
genders the favorable outcome of stimulating angio-
genesis and vasodilation, thereby enhancing the oxygen
supply to tissues [16]. The practice of intra-articular
administration of oxygen-ozone has spanned several
decades. Numerous investigations have acknowledged
that ozone represents an efficacious and safe alterna-
tive for addressing knee OA. However, it is noteworthy
that these studies have encompassed diverse treatment
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protocols, and the duration of follow-up have exhibited
variability.

Ozone’s mechanisms encompass the initiation of cel-
lular metabolism and the impediment of prostaglandin
synthesis, which collectively engender antioxidative,
anti-inflammatory, and analgesic effects [28]. In the
study conducted by Babaei-Ghazani et al. [29], which
involved 62 patients, the efficacy of corticosteroid and
ozone treatments was compared. The evaluation at the
conclusion of the 3rd month of the study revealed that
the enhancements in VAS scores were similar in both
groups (steroid group p = 0.001, ozone group p-value
> 0.001). In this study, both ozone and steroid injec-
tions were administered as single sessions and the en-
hancements in VAS scores were similar to those ob-
served. Ozone injections were administered to patients
three times. It is thought that this treatment protocol
may potentially be more effective.

The optimal therapeutic protocol for ozone treatment
remains shrouded in uncertainty, particularly concern-
ing ozone concentration, injection volume, frequency
of injections, and intervals between administrations.
Indeed, the possibility exists that suboptimal outcomes
observed in ozone therapy, as compared to control
groups, might stem from a lack of uniformity in the
injection protocol employed. Inconsistencies in these
procedural parameters could potentially contribute to
divergent results in the efficacy of ozone therapy [30].

Giombini et al. [31] compared the consequences of
intra-articular injections of HA, oxygen-ozone, and a
integration of both for the management of knee OA.
Their findings demonstrated that each subset of the
three groups exhibited improvements in Knee Injury
and Osteoarthritis Outcome Scores (KOOS) for up to
two months after the treatment. These applications were
administered once per week for a total of five weeks.
The outcome measures assessed were limited to KOOS
and VAS, conducted prior to the treatment, after the fifth
injection, and at the two-month post-treatment mark.
These results were similar to the findings of this study.
The patients in this study applied to a third injection
of oxygen-ozone and a single injection corticosteroid
using four endpoint parametres and conducted a three-
month follow-up.

Duymus et al. [32] carried out a randomized con-
trolled study on patients with knee OA and compared
the efficiency of intra-articular injection of PRP, HA
and ozone (02-03) injection. Intra-articular injection
of PRP was applied twice to group 1, a single dose of
HA was administered to group 2, and group 3 (Ozone
group) received ozone at a concentration of 30 pg/mlfor

four times. The most remarkable outcome of their study
was the superior clinical results achieved with PRP
compared to HA or ozone utilized in the therapy of
knee OA. Although there was no statistically signifi-
cant difference in the PRP and HA groups as a result of
the study, they found that the evaluation with outcome
measures in both treatment groups was better than the
ozone group. However, during the first six months of the
study, there were no clinically meaningful discrepancies
observed between the HA and PRP groups. In the con-
text of this study, there were no statistically meaningful
discrepancies detected between the corticosteroid and
02-03 injection groups with respect to pain alleviation,
disability mitigation, and functional enhancement. Prior
research has already established the impact of corticos-
teroid injections in providing short-term pain relief and
enhancing functional capacity [33,34].

The authors accredit the considerable improvements
observed in endpoint parametres within the O2-O3
group to the affirmative biological attributes inherent
to the O2-O3 molecule. Potential mechanisms of ac-
tion for O2-0O3 therapy in managing musculoskele-
tal conditions include the initiation of tissue-level re-
pair processes, augmentation of analgesic and anti-
inflammatory effects, and promotion of cellular oxy-
genation through the activation of anti-nociceptive sys-
tems [21,35]. The utilization of intra-articular glucocor-
ticoids offers advantages in extenuating symptomatic
relief [36]. However, their usage warrants deliberate-
ness, as recurrent administration may aggravate damage
to the articular cartilage [37].

HA symbolizes a multifaceted polysaccharide en-
compassing glucosamine and glucuronic acid, com-
ponents intrinsic to joint fluid [38]. Notably, the pain
mitigation achieved via HA injections in individuals
afflicted by knee OA is on par with that derived from
glucocorticoid injections [39].

A study conducted by Zhang et al. [40] found that the
intra-articular administration of PRP did not conspic-
uously surpass HA in the context of knee OA. Conse-
quently, the outcomes garnered from the application of
these three therapeutic approaches often exhibit com-
parability. Side effects of intra-articular administered
corticosteroid injection may include subchondral insuf-
ficiency fracture, tendon rupture, accelerated of pain,
skin hypopigmentation and infectious arthritis.

A study comparing the effects of ozone and HA [8]
found that the VAS scores in the ozone group were sig-
nificantly lower in the first month. In the sixth month,
the VAS scores were not statistically different between
the two groups, and the authors found a similar preva-
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lence of patients requiring a second treatment cycle
(VAS > 4) in both groups. In this study, although the
VAS scores were significantly lower in the ozone group
at the 12th week compared to baseline, there was no sta-
tistically significant difference between the two groups
in the 12th-week evaluations.

The findings derived from the present study suggest
that O2-03 injections could be contemplated as an di-
versified treatment modality to corticosteroid injections
for patients afflicted with knee OA, underscoring the
clinical significance of this research. It is essential to ac-
knowledge that, given the 12-week post-treatment time
frame in this study, further investigations employing
extended follow-up intervals and diverse outcome mea-
sures are warranted to exhaustively ascertain whether
02-03 therapy may Illustrate superior long-term effi-
cacy when compared to corticosteroids.

To maintain the effectiveness of O2-O3 injection and
achieve long-term clinical recuperation, it is necessary
to carry out the injections three times a week at regular
intervals on average. This approach may help main-
tain the positive effects of O2-O3 treatment over an ex-
tended period. Furthermore, weight control of patients
should be taken into account, as lifestyle changes (e.g.,
increasing physical activity, exercise, etc.), including
weight management, can have a meaningful impact on
the management of OA.

The study is not free from noticeable limitations that
warrant consideration while construing the findings.
Firstly, a significant restriction of this study is the defi-
ciency in a suitable control group that would receive no
injection. The inclusion of such a control group would
have allowed for a more extensive comparison of the
intervention effects. Secondly, the essential character-
istics of the interventions led the injecting physiatrist
and the participants were unable to be blinded. The in-
adequacy of blinding introduces the possibility of bias
influencing the study outcomes. The third restriction of
is the comparison between a three-time ozone injection
and a one-time steroid injection, along with variations
in injectate volume between the two groups, may intro-
duce bias and confound the consequences. Lastly, there
was a relatively short follow-up duration utilized in this
study may limit the ability to thoroughly analyze the
long-term effects and sustainability of the interventions.

5. Conclusions

Overall, the findings of this study indicate that three
times ozone (O2-03) injection is not superior to one-

time corticosteroid injection for improving function and
providing pain relief in patients with knee OA. It may
be as effective as corticosteroid injection in terms of
relieving pain and improving quality of life and function
at four weeks and twelve weeks post-injection.
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