THE MEDICAL BULLETIN OF

SISLI ETFAL HOSPITAL

DOI: 10.14744/SEMB.2025.52460
Med Bull Sisli Etfal Hosp 2026;60(1):30-35

Sisli Etfal
astanesi
Tip Biilteni
Medical Bulleti

Sisli Etfal Hosp

Comparison of the Therapeutic Effects of Intra-Articular
Injection of Ozone and Corticosteroid in Knee Osteoarthritis

Aylin Ayyildiz," © Selda Ciftci Inceoglu,? ©© Beril Dogu,? ©© Banu Kuran?
'Department of Physical Medicine and Rehabilitation, Cam and Sakura City Hospital, Istanbul, Tiirkiye
2Department of Physical Medicine and Rehabilitation, University of Health Sciences, Sisli Hamidiye Etfal Training and Research Hospital,

Istanbul, Tiirkiye

Abstract

Objectives: Knee osteoarthritis (KOA) is a chronic condition that gradually reduces functional capacity and limits daily activities.
Treatment methods in the early stages of the disease are still under discussion. The efficacy of ozone therapy versus corticosteroid
injection in treating KOA is examined in this study.

Methods: This randomized clinical trial involved 60 patients aged 40-85 years who had been experiencing knee pain for at least
6 months and had received a clinical diagnosis of knee osteoarthritis through radiologic imaging. The patients were randomly as-
signed to two groups. One group received an intra-articular injection of 10 mL 15 pg/ml ozone for three sessions with a one-week
interval, while the second group received a 1 mL intra-articular injection of betamethasone. All patients were evaluated before
treatment, as well as 4 and 12 weeks after the first dose of treatment. The study evaluated treatment efficacy using the Visual Ana-
log Scale (VAS) and the Western Ontario and McMaster Universities Arthritis Index (WOMAC).

Results: The study participants had a mean age of 62.2+10 years, and 90% of them were female. Upon comparing the VAS and
WOMAC scores with their respective pretreatment scores, both groups showed significant decreases at week 4 and week 12. Nota-
bly, the ozone group exhibited a significantly greater improvement in VAS and WOMAC scores at week 4.

Conclusion: Intra-articular ozone injections have a rapid effect and provide better short-term results for KOA. In later periods, it
has a similar effect to corticosteroids.
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Osteoarthritis (OA) is the most prevalent form of ar-
thritis globally. It is characterized by the gradual loss
of articular cartilage, subchondral bone sclerosis, osteo-
phyte formation, and changes in the synovial fluid and
joint membranes.! OA affects over 240 million adults
worldwide.” Frequently observed in the geriatric popula-
tion, this disease reduces quality of life and causes serious

functional losses.® The knee joint is one of the most fre-
quently affected joints.”! While 30% of patients over the
age of 45 have radiological findings of knee osteoarthritis
(KOA), half of them experience symptomatic knee pain.
251 The most prevalent symptoms of knee osteoarthritis
(KOA) are pain, stiffness, swelling, and joint crepitation,
which can lead to joint deformities over time. The disease
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is diagnosed clinically and supported by radiological ev-
idence.

Total knee arthroplasty is currently the only proven and de-
finitive treatment for KOA.”! However, there is no definitive
treatment method for patients who do not meet the surgi-
cal indications. Nonetheless, medical professionals may at-
tempt to improve the pain and functional status of patients
through changes in daily living activities, physical therapy,
and intra-articular injections.®! In KOA, intra-articular injec-
tions are increasingly popular due to their effectiveness in
reducing pain and minimal adverse effects.”? Intra-articu-
lar injections commonly used include corticosteroids, hy-
aluronic acid, ozone, platelet-rich plasma (PRP), dextrose,
and prolotherapy./:1011

Ozone gas is a structurally unstable molecule that contains
three oxygen atoms. When mixed with oxygen, it can in-
crease tissue oxygenation and reduce the production of
proinflammatory cytokines by reactive oxygen and lipid
oxidation products. This can lead to an increase in the num-
ber of chondrocytes and fibroblasts, as well as the release
of antioxidant enzymes and immunosuppressive cytokines
synthesized in the lesion area. Additionally, ozone has an
analgesic effect by blocking phosphodiesterase A2.1'%
However, there is still a lack of consensus on the effective-
ness of ozone therapy in treating KOA. Chronic oxidative
stress is considered a cornerstone in the pathogenesis of
KOA. It is argued that ozone can be used as an important
treatment modality by reducing the damage caused by
oxidative stress.™ Unlike corticosteroid injections, which
carry risks such as chondrotoxicity and septic arthritis with
repeated use, ozone injections may offer a safer alternative
for intra-articular therapy in KOA. Although intra-articular
corticosteroid injection has been proven to be effective
in treating KOA with anti-inflammatory mechanisms, the
risks of joint cartilage damage and septic arthritis caused
by frequent injections always cast doubt on the injection's
effectiveness.'*'”? Ozone therapy has emerged as a prom-
ising minimally invasive option due to its proposed anti-in-
flammatory, analgesic, and antioxidant effects, as well as
its favorable safety profile. While there have been several
studies that have evaluated ozone therapy or corticoste-
roid injections separately, direct randomized comparisons
between these two agents using standardized dosing and
follow-up protocols remain limited.

Intra-articular steroid injections are among the proven and
effective injection treatments outlined in the guidelines
created by the European Society for Clinical and Economic
Aspects of Osteoporosis, Osteoarthritis and Musculoskele-
tal Diseases (ESCEO) and the Osteoarthritis Research Soci-
ety International (OARSI) for the treatment of KOA.'"® In our

study, we sought to compare this treatment with a strong
level of evidence with intra-articular ozone injection treat-
ment in terms of pain and functionality in the treatment of
KOA. This study uniquely investigates both the rapid early
effects and 12-week outcomes of ozone therapy compared
to corticosteroids, employing a repeated three-dose ozone
protocol to address gaps in the current literature.

The primary objective of this randomized clinical trial was to
compare the short-term and mid-term effects of intra-artic-
ular ozone injections and corticosteroid injections on pain
and functional outcomes in patients with knee osteoarthri-
tis. The hypothesis was that intra-articular ozone therapy
would provide a more rapid improvement in pain and func-
tional scores in the early period, while demonstrating com-
parable efficacy to corticosteroids at 12-week follow-up.

Methods

This prospective randomized clinical study was conducted
between September 2020 and March 2022 at the Depart-
ment of Physical Medicine and Rehabilitation (PMR) of our
hospital. Ethics committee approval was authorized from
the Clinical Research Ethics Committee of University of
Health Sciences, Sisli Hamidiye Etfal Training and Research
Hospital (Date: 03.09.2019, Decision no: 1326), (Clinical-
Trials.gov identifier: NCT06328270). All patients were in-
formed and their written informed consent was obtained.
The study was conducted in accordance with the Declara-
tion of Helsinki. This trial was organized by the criteria of
the CONSORT guideline.

Ninety patients were screened for inclusion in the PMR out-
patient clinic based on inclusion and exclusion criteria. To
be included, patients had to be between 40-85 years old,
have experienced knee pain and/or limited joint range of
motion for at least 6 months, and have a diagnosis of KOA
supported by radiographic imaging. This study excluded
patients who had undergone knee joint surgery, had a his-
tory of previous intra-articular injections in the last 1 year,
had a history of physical therapy in the last 6 months, had
any rheumatological disease or malignancy, were preg-
nant, or had pain radiating to the knee and leg. Before the
randomization, patients with glucose-6-phosphate dehy-
drogenase deficiency, for whom ozone therapy was con-
traindicated, and similarly, patients with contraindications
to corticosteroids, such as uncontrolled diabetes mellitus
or infection, were excluded from the study.

The study included 60 patients who were randomly as-
signed to receive either intra-articular ozone injection
(n=30) or intra-articular corticosteroid injection (n=30).
Block randomization was used as the randomization meth-
od. The corticosteroid injection was administered as a
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single dose, while the ozone injection was given in three
sessions with a one-week interval between each session. In
their study, Babaei-Ghazani et al."”? administered ozone in-
jection to the knee joint in a volume of 10 ml and a dosage
of 15 pg/mL. In response, our team implemented an adjust-
ed protocol. The ozone treatment group received 0.45 mg
ozone by way of 10 mL ozonated oxygen at 15 pg/mL at
three weekly sessions. The control group received a single
injection of 1 mL betamethasone. The ozone was obtained
using the Turkozone Blue S Medical Ozone Device from Tiir-
kiye. The intra-articular injection procedure was performed
with the patient in a sitting position and the knee flexed
to 90 degrees using an inferolateral approach. Both groups
participated in the exercise program for KOA.

The patients underwent evaluation by a physician who was
blinded to the intervention before treatment, 4 weeks after
treatment, and 12 weeks after the final dose. Treatment ef-
ficacy was evaluated using the Visual Pain Score (VAS) and
the Western Ontario and McMaster Universities Arthritis
Index (WOMAC).

Statistical Analysis

The descriptive statistics of the data included mean, stan-
dard deviation, median, lowest, highest, and ratio values.

The distribution of variables was measured using the
Kolmogorov-Smirnov test. For the analysis of quantitative
independent data, the Mann-Whitney U test was used.
The Wilcoxon test was used for the analysis of dependent
quantitative data. The Chi-square test was used to analyze
qualitative independent data, and the Fisher's exact test
was used when the conditions for the Chi-square test were
not met. The values of p<0.05 were considered significant.
At 95% power and 0.05 alpha significance level, the total
sample size was determined as 54. The data were analyzed
using SPSS software version 26 (Chicago, IL: SPSS Inc.).

Results

Our study included sixty patients, and Figure 1 shows the
corresponding flow chart. No adverse effects were ob-
served during the injection or follow-up period.

When examining demographic characteristics, the study
found that the mean age of the patients was 62.2+10 years,
and 90% of them were female. Based on the Kellgren-Law-
rence Staging, 45% of the patients were in stage 2, 46.7%
were in stage 3, and 8.3% were in stage 4. As demonstrat-
ed in Table 1, there was no significant difference between
groups in demographic data (p>0.05).

[ Enrollment ]

Assessed for eligibility (n=90)

Excluded (n=30)
+ Mot meeting inclusion criteria (n=12)
|« Declined to participate (n=18)

Randomized (n=63)

}

|

Allocation ¥

J

Ozone Group (n=32)

+ Received allocated intervention (n=32)

+ Did not receive allocated intervention (give
reasons) (n=0)

Corticosterold Group (n=31)
+ Received allocated intervention (n=31)

+ Did not receive allocated intervention (give
reasons) (n=0)

[ Follow-Up ]

S

Lost to follow-up (drop out) (n=2)

Discontinued intervention (n=0)

Analysis l f

Lost to follow-up (drop out) (n=1)

Discontinued intervention (n=0)

Analysed (n=30)
+ Excluded from analysis (n=0)

Analysed (n=30)
+ Excluded from analysis (n=0)

Figure 1. Flow chart of study.
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Table 1. Comparisons of two groups

Corticosteroid

group p
Mean£SD / n-%

Ozone group
Mean+SD / n-%

Age 60.2+7.9 64.1£11.6 0.139m
Sex
Male 5+16.7 1433 0.085**
Female 25+83.3 29+96.7
Kellgren lawrence staging
I 15+50.0 12+40.0 0.065*
M 15+50.0 13+43.3
v 0+0.0 5+16.7
VAS
Pre-treatment 8.0+0.7 7.9+1.0 0.975™
Post-treatment 5.7£1.7 6.6+1.2 0.026"
4 weeks
Post-treatment 6.4£1.8 6.4£1.2 0.575™
12 weeks
PreT/PoT 4w -2.3+1.5 -1.3+1.3 0.014™
change
Intra-group <0.001" <0.001"
change p
PreT/PoT 12w -1.5+1.7 -1.5+1.3 0.784™
change
Intra-group <0.001" <0.001"
change p
WOMAC
Pre-treatment 51.0£17.2 44.7+8.7 0.287™
Post-treatment 36.5+16.6 39.6+10.7 0.332m
4 weeks
Post-treatment 41.3+17.0 37.9+8.4 0.515™
12weeks
PreT/PoT 4w -14.5£14.8 -5.1+6.8 0.001™
change
Intra-group <0.001% <0.001%
change p
PreT/PoT 12w -9.8+12.7 -6.8+3.4 0.302m
change
Intra-group <0.001% <0.001%
change p

mMann-whitney u test; “Wilcoxon test; X* Ki-kare test; VAS: Visual Analog
scale; WOMAC: Western Ontario and McMaster Universities Arthritis index.

Significant decreases in VAS and WOMAC scores were ob-
served in both groups at the 4" and 12* weeks when com-
pared to pre-treatment (p<0.05). In particular, during the
fourth week, the ozone group exhibited a significant im-
provement in VAS and WOMAC scores (p<0.05).

Discussion

The trial's most significant finding is that intra-articular
ozone-oxygen injection has a rapid effect in the early stag-
es, which is not observed with corticosteroid injection. In
the long term, it is advisable to choose the fast-acting op-
tion since both injection types have similar efficacy levels.
This rapid early response highlights the potential of ozone
therapy as a first-line option for immediate symptom relief
in KOA.

Duymus et al." compared the effects of ozone injection,
hyaluronic acid injection, and PRP injection in KOA. It is im-
portant to note that this study only compared the short-
term effects of these treatments and further research is
needed to determine their long-term efficacy. Their study
showed that ozone injection had a rapid effect in the early
period but lost its effect in the 6™ month. It is believed that
the short-term effect of ozone is responsible for its strong
anti-inflammatory properties, reducing pain by decreas-
ing edema and swelling in the joint. However, since ozone
does not remain in the joint for a long time, its effects are
thought to be short-lived. Therefore, it is recommended
that it be supplemented with more frequent or alternative
injections.2% To address this limitation, our study imple-
mented a repeated-dose protocol, with ozone adminis-
tered three times at weekly intervals, which demonstrated
sustained efficacy over 12 weeks. Similarly, Mishra et al.2"
found that the ozone effect lasted for six months. They
have also demonstrated that ozone is superior to cortico-
steroids, particularly due to its potent anti-inflammatory
effect and lack of side effects.

In a study conducted by Babaei-Ghazani et al.['” ozone
and corticosteroid injections were compared in KOA. Both
groups showed a significant improvement in VAS and
WOMAC values in the early period, with the ozone group
showing continued improvement compared to the corti-
costeroid group in the WOMAC evaluation at the 3 month.
However, the authors argue that steroid injection is more
effective and fast-acting in the 1-week controls. While
there is no definitive consensus on the frequency of ozone
injection in the literature, it is believed that a single dose
application is not sufficient. Our study expands on this by
directly comparing both treatments using standardized
protocols and investigating their effects over a 12-week
period, filling a critical gap in the literature.

There is no consensus in the literature regarding the dose
of ozone application, just as with the frequency of injec-
tion. Raeissadat et al.”? and Duymus et alt™ used a dose of
30 pg/mlin KOA, while Babaei-Ghazani et al.'” used a dose
of 15 pg/mL. Oliviero et al.?? emphasized in their review ar-
ticle that 20 pg/mL was frequently preferred in the studies
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evaluated. Therefore, further studies are necessary to de-
termine the optimal ozone application dose and duration
of follow-up. Our findings provide a preliminary framework
for refining these protocols. Raeissadat et al.”®! adminis-
tered PRP, plasmarich in growth factor, hyaluronic acid, and
ozone injections to patients with KOA and followed up for
12 months. The study demonstrated that ozone injection
was beneficial in the short term, but its long-term efficacy
remains uncertain.

A 2019 meta-analysis recommended ozone application for
short-term anti-inflammatory effects in KOA. The therapeu-
tic effect of ozone is similar to corticosteroid injection, but
repeated intra-articular steroid administration is chondro-
toxic.” To prevent cartilage damage and reduce other cor-
ticosteroid side effects, we recommend ozone injection for
the early anti-inflammatory effect in KOA when conducting
a cost-benefit analysis.

The strength of this study lies in its pragmatic design and di-
rect comparison with a guideline-recommended reference
treatment. The findings of this study demonstrate a faster
early clinical response with ozone therapy and comparable
mid-term outcomes. This provides practical evidence to the
limited body of randomized data evaluating ozone as an
alternative intra-articular treatment in knee osteoarthritis.
This may be of relevance for patients requiring rapid symp-
tom relief, or for whom concerns regarding repeated use of
corticosteroids limit their utilization. This study has several
limitations. Firstly, the group size is small, and the patient
follow-up period is short-term (3 months). Another limita-
tion is the lack of a control group with a sham. On the other
hand, there are several studies in the literature comparing
these two types of injection. For the future, trials with larg-
er numbers and longer follow-up periods are needed.

Conclusion

Intra-articular ozone injection has a rapid effect and better
short-term results in KOA; in later periods, it has a similar
effect to corticosteroids.
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