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Methods: The present study was conducted on 30 patients with KOA.
They received weekly intra-articular ozone injections for § sessions for

joint disease that causes significant pain, disability, and impaired
quality of life. Conventional therapies, including analgesics and
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Counc. 2026;9(1):246-52. Results: The study involved 30 participants aged 71.80+8.38 yrs, with
a majority of females (93. 3%). The WOMAC pain subscale was used
to measure pain severity before and after ozone therapy. Significant
improvements post-treatment, decreasing pain scores from 63.77+9.84
to 37.81+14.57 were observed.

Conclusion:Physical functionandstiffnesscomponentsalsoimproved.
The WOMAC Pain Questionnaire showed a significant reduction in
pain intensity, indicating a substantial and reassuring improvement in
pain management after ozone therapy. These results provide confidence
and assurance regarding the possibility of ozone therapy. According to
the existing results, the effectiveness of intra-articular ozone injection
was significant. Therefore, ozone can be recommended as an efficient,
durable treatment for mild or moderate KOA.
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Introduction

Knee Osteoarthritis (KOA) is a degenerative joint
disease that affects millions of people worldwide,
especially those over 50 (1). It causes pain, stiffness,
and reduced mobility due to the gradual deterioration
of articular cartilage. The disease is a leading cause
of disability worldwide, increasing due to aging
populations and obesity. Addressing this degenerative
joint condition is crucial for its adverse effects on
quality of life (2-4).

Traditional  treatment for KOA  includes
pharmacological interventions, such as Nonsteroidal
Anti-Inflammatory Drugs (NSAIDs), physical

therapy, and lifestyle modifications. Ozone therapy
offers an alternative to traditional treatments for
KOA, especially for patients who do not respond to
or experience side effects from conventional options.
However, these treatments often provide temporary
relief and do not address the underlying degenerative
process (5). As the global population ages, mild to
moderate  KOA increases, necessitating surgical
interventions like total knee arthroplasty in advanced
cases (6,7).

KOA symptoms are typically managed with NSAIDs,
but these can be limited and have adverse effects.
Ozone therapy, a minimally invasive treatment, offers
a more effective and minimally invasive approach.
Ozone improves oxygen delivery, reduces oxidative
stress, and promotes tissue regeneration, offering
a promising alternative (7,8). Knee arthroplasty, a
surgical intervention for severe osteoarthritis, poses
risks, particularly in older populations. Ozone, a
molecule with anti-inflammatory, analgesic, and
regenerative properties, is being utilized in ozone
therapy, which is emerging as an alternative treatment
for KOA (8).

Ozone injections have been investigated for their
ability to reduce pain, improve joint function,
and delay KOA progression. The mechanism is
unclear, but it is believed to stimulate antioxidant
defenses, reduce oxidative stress, and modulate joint
inflammatory responses, providing a theoretical
understanding of its possible efficacy (9,10).
Numerous studies have investigated ozone therapy for
KAO. Raeissadat et al conducted a systematic review
and meta-analysis highlighting the possible benefits
of intra-articular ozone therapy in reducing pain and

improving function (11). Similarly, Abreu Barbosa
et al observed that ozone therapy led to significant
functional improvements and symptom relief (12).
This study demonstrated that ozone therapy activates
antioxidant
pathways, and promotes cartilage repair (13).
However, despite these promising findings, significant
gaps remain in the existing literature. Most studies
have been conducted in non-Iranian populations,
leaving a lack of data on the regional efficacy of ozone
therapy in Iran. Moreover, previous research focused
on longer follow-up durations or larger cohorts, while
the effects of short-term ozone therapy on smaller,
specific samples remain less explored. This study
addresses these gaps by providing data on short-term
outcomes in an Iranian population.

defenses, modulates inflammatory

Materials and Methods

Study design

This cross-sectional analytical study, conducted
in 2023 at the Mehr Private Pain Clinic in Guilan
Province, Iran, evaluated the effectiveness of ozone
therapy in KOA.

Study population

The study specifically involved 30 patients diagnosed
with grade 2 or 3 KOA, according to the Kellgren-
Lawrence grading system. This system assesses
the severity of osteoarthritis based on X-ray
findings, making the findings directly applicable to
this patient group. The baseline in this study refers to
the time of the first injection. Assessments using pain,
stiffness, and physical function were measured using
the full Western Ontario and McMaster Universities
Osteoarthritis Index scale (WOMAC) and they were
conducted at this point to evaluate the patients’
knee function before starting ozone therapy. The
follow-up evaluations were carried out one month
after completing the treatment.

Before
immediately before the first ozone injection to
establish the values. One month after the infusion:

injection: measurements were taken

outcome variables were assessed one month
following the ozone therapy injection to evaluate its
effectiveness.

The participants were divided into two age groups

(<72 yrs and >72 yrs) and two weight groups (<78
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kg and >78 kg). The cut-off values for age and weight
were determined based on the **median values of the
study population**, This approach ensured a balanced
distribution of the participants in both categories,
allowing for a more meaningful comparison of the
outcomes. Previous studies on KOA have also used
median-based stratification to analyze treatment
effects across different subgroups.”*

Exclusion criteria for oral painkillers and
physical therapy

The exclusion criteria in the current study included
factors that could interfere with assessing ozone
therapy’s efficacy. Patients who were actively
using oral painkiller agents or undergoing physical
therapy were excluded to ensure that the observed
outcomes could be attributed solely to ozone therapy.
This decision minimized confounding factors and
strengthens the validity of the findings. This aspect
will be clarified in the study to provide better
transparency.

Method and sample size

The study was a Cohort analytical design conducted
in 2023 at the Mehr Pain Clinic in Guilan Province.
Convenience sampling was used to recruit 30 patients
with grade 2 or 3 KOA based on a sample size
calculation with a 5% error margin and 10% attrition
rate, referencing Mishra SK’s research.

Inclusion Criteria: Patients with grade 2 or 3 KOA,
aged 45 to 65, with crepitation during joint movement
and joint stiffness lasting morning stiffness instead.
Exclusion Criteria: Patients with cancer, diabetes,
osteoporosis, pregnancy, balance disorders, or severe
joint space narrowing.

The patients received ozone therapy and were
assessed using the modified WOMAC scale, which
was administered one month before and after
treatment to evaluate knee function and completed
one month after treatment to assess pain severity (11).
All the data (age, gender, weight, WOMAC scores)
were analyzed using SPSS software (version 22). The
participants were not financially burdened, and the
university’s ethics committee approved the study.
Ozone Preparation Details and Device Properties
The ozone used in this study was prepared using
a medical-grade (Ozomed®

0ozone generator
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smartline machine (Kastner-Praxisbedarf GmbH,
Medizintechnik, Germany)which ensured precise
ozone concentration and purity. The
concentration was standardized at (Ozone therapy: 5
ml of ozone at a concentration of 30 u/m/ was injected
into the joint along with half a cc of 2% lidocaine.).
These characteristics are critical for maintaining the
reproducibility and effectiveness of ozone injections,
as supported by prior studies.

The choice of 8 sessions for ozone injections was
based on prior clinical trials and evidence suggesting
that this regimen balances effectiveness and patient
compliance (11) and have
improvements in pain and function with similar
session numbers. This protocol was consistent with
current recommendations for achieving optimal
therapeutic outcomes. This rationale is expanded in
the discussion section of the manuscript.

The pain clinic assesses KAO using the Kallgren-
Lawrence classification. The afflicted joint is
segmented into five regions (4-0). Classification
criteria included the presence of osteophytes, joint
space constriction, and subchondral sclerosis.

Due to the unavailability of the pre-treatment data,
the improvement in patient outcomes was assessed
based on post-treatment scores, compared with
typical clinical expectations and historical data for

ozone

shown significant

the similar treatments.

Results

In this prospective study, 30 patients with KAO
were referred to the Guilan Province Pain Clinic in
2023. The average age of the 30 patients was 72.
Majority of the participants were female. The average
weight of the patients was 78 kg. The lightest patient
weighed 56 kg, and the heaviest patient weighed 96
kg. The patient’s knee function was assessed using
the WOMAC index before and one month after
ozone therapy. The WOMAC score measures three
subdomains: pain, stiffness, and physical function.
The analysis indicated a significant improvement in
all domains after treatment.

The age and weight cut-off points were selected
based on the median values of the sample population
(72 yrs for age and 78 kg for weight). This method
was chosen to ensure that the participants were
evenly distributed across the groups, reducing bias
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and improving statistical reliability. Similar cut-off
strategies have been employed in prior studies
assessing osteoarthritis treatment outcomes. The
initial mean total WOMAC score was 81.37+14.57.
One month after ozone therapy, the mean WOMAC
score significantly decreased to 39.67+£14.25. The
average pain score was 22.57+6.08 before treatment
and declined to 10.9344.83 following the ozone
therapy. The mean stiffness score before treatment was
4.13+2.03, which reduced significantly to 2.00£1.46
after the therapy, indicating a notable improvement
in joint stiffness. Regarding the physical function,
the pre-treatment mean score was 41.47+7.79, which
improved to 19.63+7.18 after the therapy (Table 1).

However, based on the post-treatment mean score
of 37.57, there was a clear indication of pain relief
compared to standard levels. A comparison of
pain intensity after treatment showed a significant
reduction in perceived pain. For patients younger than
72 yrs, the mean WOMAC score before ozone therapy

was 79.20+15.49, which decreased to 35.00+£9.57 one
month after treatment. This change was statistically
significant (p=0.001). For patients older than 72
yrs, the mean WOMAC score before therapy was
83.53+13.77, which dropped to 44.33+16.81 after
one month of treatment. This difference was also
statistically significant (p=0.001) (Table 2).

In the male patients, the mean WOMAC score before
ozone therapy was 48.50+£4.95, which decreased to
19.50+6.36 one month after treatment. However,
this difference was not statistically significant
(p=0.180). In the female patients, the mean WOMAC
score before ozone therapy was 83.71+11.89, which
reduced to 41.11+13.58 after one month. This change
was statistically significant (p<0.001) (Table 3).

Or patients weighing less than 78 kg, the mean
WOMAC score decreased from 83.07+13.39 before
ozone therapy to 41.47£15.21 one month after the
treatment, with a statistically significant difference
(p=0.001). For patients weighing more than 78 kg,

Table 1. WOMAC knee function score and its subscales before and one month after ozone therapy

WOMAC knee function

MeanS.D Median (IQR) Min Max p-value
score
Before ozone therapy 13.20+2.52 13(11.75,14.25) 8 19
Symptom score <0.001
ymp One month after ozone 7 1042.62 7(5.9) 3 13 p
therapy
Before ozone therapy 4.13+2.03 5(3,6) 0 6
Stiffness score <0.001
One month after ozone 2004146 2(1.5,2) 0 5 p
therapy
Before ozone therapy 22.57+6.08 23.5(19,26.25) 9 35
Pain score <0.001
One month after ozone 10.93+4.83 10(9,13.25) 2 23 &
therapy
o Before ozone therapy 41.47+7.79 40.5(38,45.25) 22 56
Daily life o th aft 0<0.001
fnction score ne month after ozone 19.63¢7.18  18(15.75,22.25) 7 38 '
therapy
Before ozone therapy 81.37+14.57 81(74.75,89.75) 45 111
Total WOMAC o st 0<0.001
score ne monih after ozone 39.67+14.25 38(31.75,44) 15 78 '
therapy
Table 2. WOMAC based on ege
WOMAC knee function MeantS.D  Median (IQR) Min Max p-value
score by age
Younger than Before ozone therapy 79.20+15.49 76(67,88) 52 110 0=0.001
72 yrs One month after ozone therapy 35.00+9.57 38(26,43) 15 '
Older than Before ozone therapy 83.53+13.77 84(79,92) 45 111 0.001
p=0.
72 yrs One month after ozone therapy 44.33+16.81 40(34,50) 24
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Effectiveness of Ozone Therapy for Knee Osteoarthritis

Table 3. WOMAC based on gender

WOMAC knee function score by gender

Before ozone therapy
Male
One month after ozone therapy

Before ozone therapy
Female
One month after ozone therapy

Table 4. WOMAC based on weight

WOMAC knee function score by
weight
Less than 78 kg Before ozone therapy
One month after ozone therapy
Before ozone therapy

More than 78 kg
One month after ozone therapy

the mean WOMAC score dropped from 79.67+15.95
to 37.87£13.51, showing a statistically significant
change (p=0.001) (Table 4).

The that therapy
effectively reduces joint stiffness. Ozone therapy

results demonstrate ozone
significantly improves knee function and reduces
pain in grade 2 and 3 osteoarthritis patients. The
reduction in WOMAC scores was based on a single
assessment using one month after injection. While
this provides an initial picture of the patient’s pain
experience, it is essential to recognize that pain levels
fluctuate. A more comprehensive assessment would
require repeated assessments over time to confirm
the sustained effectiveness of the treatment. In this
case, the initial data show a significant reduction,
but further studies with multiple assessments are
recommended to assess the long-term benefits of the
intervention more accurately.

Discussion

The improved WOMAC questionnaire evaluates
knee functionality and the influence of osteoarthritis
treatment on the quality of life. Results indicate
a substantial enhancement in pain levels and
knee functionality, consistent with other research
highlighting the beneficial effects of ozone therapy
(14-10).

Niknejad Hosseini validated the Persian version
of this questionnaire’s validity and reliability in a
PhD project focused on the translation’s efficacy in
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MeantS.D Median (IQR) Min Max p-value
48.50+4.95 48.5(45,52) 45 52
p=0.180
19.50+6.36 19.5(15,24) 15 24
83.71x11.89  82.5(76.2,91.2) 61 111
p<0.001
41.11+13.58 39(33.2,46) 25
Mean*S.D N:r(;l;)n Min Max p-value
83.07+13.39 81(74,92) 61 111
p=0.001
41.47+15.21 38(28,48) 26 78
79.67+£15.95 81(77,86) 45 110
p=0.001
37.87+13.51 38(33,43) 15 75
patients with KAO (17).

Raeissadat et al/ conducted a systematic review and
meta-analysis that highlighted the possible benefits
of intra-articular ozone therapy in patients with
KAO (18). Moreover, the study by Abreu Barbosa
demonstrated similar improvements in functional
and symptomatic outcomes, further supporting the
current study’s conclusions (11,12).

Ozone therapy seems to exert its effects by activating
antioxidant defenses and modulating inflammatory
processes. Bocci et al discussed the physiological
responses to ozone and noted its ability to increase
oxygen metabolism and stimulate the release of growth
factors involved in tissue repair. These mechanisms
likely contribute to the improvements observed in
patients with KOA, particularly in reducing oxidative
stress and enhancing cartilage repair (13).

These findings are consistent with previous research,
including Mishra, who observed similar benefits in
KOA patients treated with intra-articular ozone (11).
Moreover, studies such as that by Elvis and Ekta
support the notion that ozone therapy modulates
inflammatory oxygen
metabolism and tissue repair (19).

Additionally, Bocci explained the dual role of ozone in
promoting oxidative stress and inducing antioxidant
defenses, which could explain its therapeutic effects
in chronic degenerative conditions like osteoarthritis.
This mechanism is further supported by its ability
to increase levels of enzymes such as catalase and

pathways,  enhancing
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Superoxide Dismutase (SOD),
reduced oxidative damage in the joint (20).

contributing to

Conclusion

According to the findings, intra-articular ozone
injection significantly improved pain and knee
function in patients with mild to moderate KAO
during the one-month follow-up period. However, the
absence of a control group and the limited follow-up
duration are significant limitations. This study
contributes to the existing literature by providing
data on the short-term effects of ozone therapy in an
Iranian population, where evidence has been limited.
Future studies with larger sample sizes, control
groups, and extended follow-up durations of one
year or more to evaluate ozone therapy’s long-term
efficacy and safety are recommended.

Limitations

The most significant limitation is the absence of a
control group, which restricts the ability to compare
the effectiveness of ozone therapy with other
treatments or a placebo. Additionally, due to the study
design and data collection constraints, pre-treatment
data were not available for all the patients, which
may affect the accuracy of before-after comparisons.
Another limitation is the sample size, which, despite
being sufficient for initial analysis, may limit the
generalizability of the findings to larger populations.
Further studies
trial (RCT) design and a larger sample size are

with a randomized controlled
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