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Abstract
Background: Osteoarthritis (OA) of the knee is a degenerative joint disease that significantly impacts quality of life and mobility. Recent advances in regenerative medicine have introduced intra-articular therapies like platelet-rich plasma (PRP) and ozone, both known for their anti-inflammatory and healing properties. This study aims to evaluate the efficacy of a combined intra-articular injection of PRP and ozone in managing symptoms of knee osteoarthritis.
Methods: This prospective observational study included 60 patients diagnosed with Grade II–III knee OA according to Kellgren-Lawrence classification. All participants received a single intra-articular injection comprising autologous PRP combined with medical-grade ozone. Patients were evaluated at baseline, 1 month, 3 months, and 6 months post-injection. Pain and functional outcomes were assessed using the Visual Analogue Scale (VAS) and Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC).
Results: There was a statistically significant reduction in mean VAS scores from baseline to each follow-up point (p < 0.05), along with significant improvement in WOMAC scores, indicating better joint function and reduced stiffness. The most marked improvements were observed at 3 and 6 months post-injection. No serious adverse events were reported.
Conclusion: Intra-articular injection of combined PRP and ozone is a safe and effective treatment modality for patients with knee osteoarthritis, resulting in significant improvements in pain and joint function. This combination may offer a synergistic approach for symptom relief and cartilage preservation.
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Introduction
Osteoarthritis (OA) is the most common form of degenerative joint disease, particularly affecting weight-bearing joints such as the knees. It is characterized by progressive articular cartilage loss, subchondral bone remodeling, and synovial inflammation, leading to chronic pain, stiffness, and reduced mobility. Globally, OA is a significant cause of disability, especially in aging populations, with increasing prevalence due to longer life expectancy and rising obesity rates【1】.
Conventional management of OA includes nonsteroidal anti-inflammatory drugs (NSAIDs), physiotherapy, intra-articular corticosteroids, hyaluronic acid injections, and ultimately joint replacement surgery in advanced cases. However, these approaches often offer temporary relief and do not modify the course of the disease【2】. This has led to a growing interest in regenerative and biological therapies aimed at restoring joint homeostasis and halting disease progression.
Platelet-rich plasma (PRP) is an autologous concentration of platelets suspended in plasma, rich in growth factors such as platelet-derived growth factor (PDGF), transforming growth factor-beta (TGF-β), and vascular endothelial growth factor (VEGF). These factors are known to promote chondrogenesis, tissue regeneration, and modulation of inflammation within the joint【3】. Several studies have demonstrated the beneficial effects of intra-articular PRP injections in improving pain and joint function in patients with mild to moderate knee OA【4】.
Ozone (O₃), a naturally occurring molecule composed of three oxygen atoms, has been used in medical therapy for its analgesic, anti-inflammatory, and immunomodulatory effects. When administered intra-articularly in low concentrations, ozone is believed to stimulate antioxidant defenses, improve oxygen metabolism, and modulate oxidative stress, thus contributing to symptomatic relief in OA patients【5】.
The integration of platelet-rich plasma (PRP) and ozone therapy presents an innovative therapeutic strategy with potential synergistic effects【14,15】. PRP promotes tissue regeneration and cartilage repair through its concentration of growth factors, while ozone therapy may enhance these effects by reducing inflammation and improving local oxygenation【14,15】. This concept is supported by Lu et al.,【14】. who demonstrated that oxygen-rich PRP significantly improved facial rejuvenation outcomes, emphasizing the role of enhanced oxygenation in tissue repair mechanisms. However, clinical evidence regarding the combined use of PRP and ozone remains limited and necessitates further investigation.
This prospective observational study aims to evaluate the efficacy and safety of intra-articular injections combining PRP and ozone in patients with knee osteoarthritis. The primary objectives include assessment of pain relief and functional improvement using validated scoring systems over a six-month follow-up period.

Materials and Methods
Study Design and Setting:
This was a prospective observational study conducted at Government JLNM Hospital, Rainawari, Srinagar, J&K from July 2023 to January 2025 after obtaining institutional ethical committee approval and written informed consent from all participants.
Study Population:
A total of 60 patients diagnosed with primary knee osteoarthritis were enrolled in the study. The diagnosis was based on clinical evaluation and radiographic findings in accordance with the Kellgren-Lawrence (K-L) grading system. Only patients with Grade II and III OA were included.
Inclusion Criteria:
Age between 40 and 75 years
Radiologically confirmed Grade II or III knee OA
Persistent knee pain for more than 3 months despite conservative management
Willingness to participate and follow-up
Exclusion Criteria:
Severe OA (K-L Grade IV)
Prior intra-articular injection in the past 6 months
Systemic inflammatory diseases (e.g., rheumatoid arthritis, gout)
Active joint infection or skin infection near the injection site
Immunocompromised state or coagulation disorders
Platelet count <150,000/mm³
Preparation of PRP and Ozone Injection:
A 20 mL sample of autologous venous blood was drawn into a sterile tube containing anticoagulant and centrifuged using a two-step process. The resulting 10 mL of platelet-rich plasma (PRP) was aspirated under sterile conditions.
Medical-grade ozone was generated using a certified ozone generator at a concentration of 20 µg/mL, and 10 mL was prepared immediately before administration.
Injection Procedure:
Under strict aseptic precautions and using anatomical landmarks, a total of 20 mL solution (10 mL PRP + 10 mL ozone) was injected intra-articularly into the affected knee using a lateral mid-patellar approach. All procedures were performed by a trained physician in the same clinical setting.
Post-Injection Protocol:
Patients were advised relative rest for 24–48 hours, avoidance of strenuous activity for one week, and continuation of prescribed physiotherapy exercises. No NSAIDs were allowed post-injection; only acetaminophen was permitted as rescue analgesia.
Outcome Measures:
Patients were evaluated at baseline, 1 month, 3 months, and 6 months after the injection. Outcome measures included:
Visual Analogue Scale (VAS) for pain (0–10 scale)
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) for pain, stiffness, and functional limitation
Any adverse effects related to the injection were also recorded.
Statistical Analysis:
Data were analyzed using [Insert Software, e.g., SPSS version 25]. Continuous variables were expressed as mean ± standard deviation. Paired t-tests or Wilcoxon signed-rank tests were used to compare baseline and follow-up scores. A p-value of <0.05 was considered statistically significant.
Results
A total of 60 patients were included in the study, with a mean age of 58.3 ± 7.9 years. Of these, 36 (60%) were female and 24 (40%) were male. All participants completed follow-up assessments at 1, 3, and 6 months following a single intra-articular injection of platelet-rich plasma (PRP) combined with ozone.
Table 1: Demographics and Baseline Characteristics
	Parameter
	Value

	Number of patients
	60

	Mean age (years)
	58.3 ± 7.9

	Sex (Female/Male)
	36 / 24

	Kellgren-Lawrence Grade II
	38 (63.3%)

	Kellgren-Lawrence Grade III
	22 (36.7%)



Pain Scores (VAS)
There was a statistically significant reduction in pain scores at all follow-up intervals compared to baseline. The mean VAS score decreased from 7.8 ± 1.1 at baseline to 5.1 ± 1.0 at 1 month, 3.9 ± 0.9 at 3 months, and 2.8 ± 0.8 at 6 months (p < 0.001 for all comparisons with baseline).
Table 2: VAS Score Over Time
	Time Point
	VAS Score (Mean ± SD)
	p-value vs Baseline

	Baseline
	7.8 ± 1.1
	–

	1 Month
	5.1 ± 1.0
	<0.001

	3 Months
	3.9 ± 0.9
	<0.001

	6 Months
	2.8 ± 0.8
	<0.001



Figure 1: VAS Score Over Time
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Functional Outcomes (WOMAC)
WOMAC scores also demonstrated significant improvement over time. The baseline mean total WOMAC score was 62.5 ± 6.4, which reduced to 48.7 ± 5.9 at 1 month, 38.2 ± 5.5 at 3 months, and 29.6 ± 4.8 at 6 months post-injection (p < 0.001 for all intervals compared to baseline). Improvements were noted across all WOMAC subdomains, including pain, stiffness, and physical function.
Table 3: WOMAC Scores Over Time
	Time Point
	WOMAC Total Score (Mean ± SD)
	Pain Subscore (Mean ± SD)
	Stiffness Subscore (Mean ± SD)
	Function Subscore (Mean ± SD)
	p-value vs Baseline

	Baseline
	62.5 ± 6.4
	13.4 ± 1.9
	5.8 ± 0.9
	43.3 ± 4.8
	–

	1 Month
	48.7 ± 5.9
	10.2 ± 1.7
	4.5 ± 0.7
	34.0 ± 4.5
	<0.001

	3 Months
	38.2 ± 5.5
	8.2 ± 1.5
	3.6 ± 0.6
	26.4 ± 4.1
	<0.001

	6 Months
	29.6 ± 4.8
	6.7 ± 1.4
	3.0 ± 0.6
	19.9 ± 3.1
	<0.001



Figure 2: WOMAC Scores Over Time
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Patient satisfaction was assessed at 6 months post-injection. Out of 60 patients, 48 (80%) reported being 'very satisfied' with the treatment, 9 (15%) were 'moderately satisfied,' and 3 (5%) reported minimal or no improvement.
Table 4: Patient Satisfaction Summary
	Patient Satisfaction Level
	Number of Patients
	Percentage (%)

	Very Satisfied
	48
	80.0

	Moderately Satisfied
	9
	15.0

	Minimally/Not Improved
	3
	5.0








Figure 3: Patient Satisfaction summary 
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Safety and Tolerability
The treatment was well tolerated. Two patients (3.3%) experienced mild local swelling and transient discomfort within 24 hours post-injection, which resolved spontaneously without intervention. No major adverse events or infections were reported.
Discussion
The findings of this prospective observational study suggest that the combination of platelet-rich plasma (PRP) and ozone therapy administered intra-articularly is a promising therapeutic option for patients with knee osteoarthritis (OA). Significant reductions in pain scores and improvements in joint function were observed at all follow-up intervals, with the most pronounced effects noted at three and six months post-injection. These results support the growing interest in regenerative medicine as a viable alternative to conventional pharmacologic and surgical interventions in early to moderate OA.
The pathophysiology of osteoarthritis is multifactorial, involving progressive cartilage degeneration, synovial inflammation, subchondral bone changes, and oxidative stress. Conventional treatments such as NSAIDs, corticosteroids, and hyaluronic acid injections are largely symptomatic and do not influence the underlying disease process【6】. Furthermore, long-term use of NSAIDs is associated with gastrointestinal, renal, and cardiovascular side effects, making them unsuitable for chronic management【7】. In this context, biological and autologous therapies are gaining attention for their potential to modify the disease environment and promote joint repair.
PRP, an autologous concentration of platelets suspended in plasma, delivers a high concentration of growth factors such as transforming growth factor-beta (TGF-β), platelet-derived growth factor (PDGF), and insulin-like growth factor (IGF-1), which play a crucial role in tissue regeneration, cartilage repair, and modulation of inflammation【8】. Several clinical studies and meta-analyses have demonstrated the efficacy of PRP in reducing OA symptoms and improving joint function, particularly in patients with early-stage disease【9,10】.
Ozone (O₃), a molecule consisting of three oxygen atoms, has demonstrated anti-inflammatory, antioxidant, and immunomodulatory properties when used in medical therapy. Intra-articular ozone therapy is thought to inhibit pro-inflammatory cytokines, enhance oxygen delivery to tissues, and reduce oxidative stress within the joint space【11】. Studies comparing ozone to placebo or other injectables have shown clinical benefits in reducing OA-related pain and stiffness【12】.
The rationale for combining PRP and ozone lies in their potentially synergistic mechanisms: while PRP promotes healing and regeneration through growth factor release and cellular recruitment, ozone contributes to the modulation of the inflammatory and oxidative milieu. The favorable outcomes observed in our study, including progressive VAS and WOMAC score improvements without major complications, suggest that this combination may enhance and sustain clinical benefits compared to either modality alone.
Importantly, the therapy was well tolerated, with only two patients experiencing mild, self-limiting adverse effects. This supports previous literature describing the safety of both PRP and ozone when used intra-articularly【13】.
However, the study has certain limitations. The observational design lacks a control or comparison group, which precludes definitive conclusions about the superiority of the combined therapy. The relatively small sample size and short-term follow-up period also limit generalizability. Nevertheless, the positive trends observed warrant further exploration in larger, randomized controlled trials comparing PRP alone, ozone alone, and their combination.
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