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Background: Knee osteoarthritis (KOA) is a prevalent degenerative joint disorder causing significant pain and functional impairment. Intra-articular injections (IAI) under ultrasound (US) guidance have emerged as a key treatment for early-to-mid stage KOA due to enhanced precision and localized therapeutic effects. However, the relative efficacy of various injectable agents remains unclear.

Methods: A Bayesian network meta-analysis (BNMA) was conducted following PRISMA guidelines using the following databases: ClinicalTrials.gov, EMBASE, PubMed, Web of Science, Cochrane Library, and the WHO International Clinical Trials Registry Platform (WHO ICTRP), we searched incorporating 14 randomized controlled trials (RCTs) involving 934 patients. Interventions included US-guided injections of platelet-rich plasma (PRP), hyaluronic acid (HA), corticosteroids (CS), ozone (O3), dexamethasone (DX), autologous adipose tissue (AAT), and placebo (PL). Primary outcomes were Visual Analog Scale (VAS) and WOMAC subscale scores. Model consistency, transitivity, and robustness were rigorously assessed.

Results: The analysis demonstrated that all active interventions provided significant symptom relief. PRP consistently ranked highest across multiple outcomes, with surface under the cumulative ranking curve (SUCRA) values of 85.86% for total WOMAC score, 78.55% for pain, 93.24% for stiffness, and 90.9% for function. HA showed significant superiority over ozone in pain reduction (SMD: −1.48, 95% CI: −2.71 to −0.24). Model consistency was confirmed (p > 0.05 for all node-splitting tests), and sensitivity analyses supported result stability. No significant publication bias was detected.

Conclusion: IAI under US-guided has shown good therapeutic effect in the treatment of KOA in the early and middle stages, and PRP has been proved to have the highest therapeutic possibility, followed by HA and CS. These findings support the use of US-guided biologic interventions as part of a comprehensive KOA management strategy, though standardization of protocols and long-term outcomes require further investigation.
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1 Introduction

Knee osteoarthritis (KOA) is a chronic joint disorder characterized by primary pathological features including degenerative changes in articular cartilage, subchondral bone sclerosis, osteophyte formation, and synovitis (1). As the most prevalent musculoskeletal disorder causing pain and functional impairment worldwide, KOA not only severely impacts patients' quality of life but also imposes substantial economic burdens on healthcare systems (2, 3). With the acceleration of global population aging and rising obesity rates (4, 5), KOA affects over 500 million people worldwide (6), with ~10%−15% of individuals aged 60 and above suffering from symptomatic KOA. The pathophysiology of KOA involves interactions among multiple factors including abnormal mechanical loading, activation of inflammatory responses, and imbalance in cartilage metabolism. These ultimately lead to joint structural damage, subsequently triggering clinical manifestations such as joint pain, stiffness, and functional impairment (7). According to the Kellgren–Lawrence radiographic grading system, KOA can be classified into four stages. Stages I to II represent early to mid-stage disease, characterized by suspected or definite joint space narrowing and mild osteophyte formation; stages III–IV represent advanced disease, characterized by significant joint space narrowing, subchondral bone sclerosis, and formation of large osteophytes (8). Clinical treatment strategies should follow a stepped approach tailored to individual patients based on disease stage. Due to discrepancies between radiographic findings and clinical manifestations, a subset of Stage III patients also meet the treatment indications for early-to-mid stage disease and are therefore categorized as having “mild-to-moderate KOA”.

For advanced KOA patients, total knee arthroplasty (TKA) is considered an effective intervention for pain relief and functional restoration (9). However, TKA is traumatic, costly and carries risks of complications including prosthetic loosening and infection. Therefore, clinical guidelines widely recommend that non-surgical treatments should be pursued for several years before considering TKA. These conservative treatments include oral non-steroidal anti-inflammatory drugs (NSAIDs) (10), analgesic medications such as acetaminophen, intra-articular injection (IAI) therapy, as well as comprehensive interventions like physical therapy, exercise programs, and weight management (11). Among these, intra-articular injections have become an important treatment option for early to mid-stage KOA due to their strong localized effects and minimal systemic side effects. Currently, commonly used intra-articular injectables in clinical practice primarily include hyaluronic acid (HA) (12), glucocorticoids (CS) (13), platelet-rich plasma (PRP) (14) and various stem cell preparations. However, the accuracy of intra-articular injection techniques directly impacts therapeutic efficacy. Anatomical studies reveal that knee joint cavity injections achieve an accuracy rate of only ~70% when performed as “blind punctures” without imaging guidance (15). In severe KOA patients with significant joint deformity, the injection accuracy rate further decreases due to osteophyte proliferation, joint space narrowing, and alterations in surface anatomical landmarks. Inaccurate injections may lead to abnormal drug distribution, reduced therapeutic efficacy, and even increased risk of local tissue damage (16, 17). Image-guided techniques have been gradually adopted in clinical practice to improve injection precision. Among these, ultrasound (US) guidance has gained widespread attention due to its advantages of being radiation-free, providing real-time dynamic imaging, and offering portability with user-friendly operation (18).

In recent years, multiple studies have investigated the impact of US guidance on the efficacy of intra-articular injections (19, 20). Systematic reviews demonstrate that compared with traditional landmark-based techniques, US guidance significantly improves injection accuracy rates. Theoretically, precise drug delivery should enhance local bioavailability and improve clinical efficacy. However, existing evidence exhibits significant heterogeneity: some studies found US-guided injections substantially enhanced the efficacy of HA and CS (21), while others observed no significant differences (22, 23). These inconsistencies may stem from variations in study design, patient selection, injection techniques, and outcome assessments. Furthermore, systematic evaluations are currently lacking regarding: (1) relative efficacy differences among injectable agents under US guidance, and (2) whether US-mediated therapeutic enhancement varies across different injectables.

Traditional pairwise meta-analysis methods struggle to simultaneously compare multiple interventional approaches. In contrast, Bayesian Network Meta-Analysis (BNMA), as an advanced statistical technique, integrates both direct and indirect comparative evidence, enabling the evaluation of the relative efficacy and safety profiles of multiple interventions within a unified framework. Against this background, this study employs BNMA to systematically evaluate the efficacy and safety of different US-guided intra-articular injection agents for treating early-to-mid stage KOA. This study aims to clarify the relative efficacy and safety profiles of different interventions, thereby providing a high-quality evidence base for optimizing clinical treatment strategies, enhancing knee preservation therapy outcomes, and improving the quality of life and functional prognosis of KOA patients.



2 Materials and methods

This study was conducted in strict adherence to the latest PRISMA guidelines and relevant protocol specifications, with prior registration in the PROSPERO database (Registration Number: CRD420251037290).


2.1 Literature search

We systematically searched six English databases and clinical trial registries including ClinicalTrials.gov, EMBASE, PubMed, Web of Science, Cochrane Library, and the WHO International Clinical Trials Registry Platform (WHO ICTRP) to identify clinical studies on US-guided intra-articular injection (US+IAI) therapy for early to mid-stage KOA. The search encompassed records from database inception through January 22, 2025, utilizing a combination of subject headings and free-text terms. Search terms included “Osteoarthritis, Knee”, “knee osteoarthritis”, “Ultrasonography”, “US-guided”, “Injections”, and “randomized controlled trial”. Logical expressions were constructed using MeSH terms combined with keywords.



2.2 Inclusion criteria

• Study type: randomized controlled trials (RCTs)

• Interventional approaches: for two-arm studies, both groups must receive IAI interventions, with at least one group undergoing US+IAI. In multi-arm studies, at least two groups must receive IAI interventions, with at least one group undergoing US+IAI. Medication types used for injections were not restricted.

• Study subjects: (1) human participants; (2) participants must present with radiological or clinical evidence of KOA. Unified inclusion criteria shall follow authoritative references such as the American College of Rheumatology diagnostic criteria for KOA, selecting patients with Kellgren-Lawrence (K-L) grade I-III or those explicitly defined as “mild-to-moderate KOA” in literature with radiologically confirmed staging.

• Outcome measures: included studies must report at least one of the following outcome measures: Visual Analog Scale (VAS), used to assess patients' subjective pain intensity; WOMAC Pain Subscale (WOMAC-P): Quantifies the intensity of joint pain experienced during daily activities; WOMAC Function Subscale (WOMAC-F): Assesses the impact of functional impairment on activities of daily living; WOMAC Stiffness Subscale (WOMAC-S): Measures the subjective severity and duration of joint stiffness; WOMAC total score (WOMAC-T): comprehensively reflects overall joint status by integrating pain, stiffness, and functional impairment.

To control for potential statistical bias introduced by inconsistent scoring directions, all outcome measures underwent positive standardization during data extraction and organization. This process uniformly converted all measures to the direction where “higher values indicate better efficacy,” ensuring consistency in effect size estimation and enhancing comparability of outcome measures across different studies.



2.3 Exclusion criteria

• Non-RCTs, conference abstracts, animal studies, and studies with inaccessible full texts.

• Articles with duplicated data, significant design flaws, or missing critical outcome data.

• Studies where participants did not meet clinical diagnostic or staging criteria for early to mid-stage KOA.

• Non-IAI approaches or those lacking US guidance



2.4 Literature screening and quality assessment

Two reviewers (Zhang, Guo) independently conducted the evaluations, subsequently cross-verifying the assessment outcomes. Discrepancies in evaluations were resolved through adjudication by a third reviewer to ensure objectivity and consistency.

The methodological quality of included studies was systematically evaluated using the Cochrane Risk of Bias tool, assessing five domains: bias in randomization process, deviations from intended interventions, missing outcome data, measurement of outcomes, and selective reporting. The RoB 2.0 tool systematically evaluates the risk of bias in each study through seven specific questions, classifying studies into three tiers-“Low risk,” “High risk,” or “Some concerns”-based on Cochrane-recommended standards. Assessments strictly adhered to this framework to ensure highly credible evaluation of methodological quality in the literature while meeting fundamental requirements of evidence-based medicine.



2.5 Statistical analysis

Network meta-analysis was performed using a Bayesian model. Statistical analyses were conducted in R software (version 4.4.3) utilizing packages including gemtc, rjags, netmeta, dmetar, and BUGSnet. All outcome measures were continuous variables, with effect sizes expressed as Standardized Mean Difference (SMD) and 95% Confidence Interval (CI). This approach ensured comparability across studies despite variations in measurement tools and units.

The evidence network structure was constructed via the mtc.network function, with node size representing the total sample size of interventional approaches and edge thickness reflecting the number of direct comparison studies, thereby visualizing network relationships and evidence strength among interventions. Model construction employed the mtc.model function to establish consistency structures and random-effects parameters. Four distinct models were systematically developed: consistency+ fixed effects, inconsistency + fixed effects, consistency + random effects, and inconsistency + random effects. These were evaluated for model fitting performance and heterogeneity control to identify the optimal model. Posterior sampling was executed using JAGS with four Markov chains (50,000 burn-in iterations+100,000 sampling iterations) and a thinning interval of 1. Model performance evaluation metrics included the Deviance Information Criterion (DIC) and Potential Scale Reduction Factor (PSRF). The DIC comprehensively measures model fit and complexity, while a PSRF ≤ 1.05 indicates that the model has met convergence criteria.

The analysis workflow comprised consistency testing, transitivity assessment, BNMA, Surface Under the Cumulative Ranking Curve (SUCRA) ranking, sensitivity analysis, and publication bias evaluation. Local inconsistency testing employed the Node-Splitting Method for intervention pairs with both direct and indirect comparison pathways. This method analyzed differences between estimated effects and presented direct effects, indirect effects, and network effects through forest plots. Transitivity hypothesis testing was conducted based on baseline characteristics of intervention cohorts (mean age, gender ratio, injection frequency), with distributional balance of covariates presented through composite figures. Following consistency testing and transitivity assessment, BNMA was implemented, and an enhanced league plot was generated to visualize pairwise comparisons between interventions. The SUCRA ranking demonstrated relative superiority probabilities of interventional approaches, while cumulative probability curves and rankograms visualized ranking distributions across different outcome measures. For the primary outcome measure, sensitivity analysis using the stepwise elimination method evaluated individual study influence on effect estimates, with results displayed in heatmaps. Publication bias was assessed via adjusted funnel plots and Egger's regression test. The statistical analysis plan was reviewed and approved by biostatistics experts at Shandong University of Traditional Chinese Medicine, ensuring scientific rigor and methodological validity.




3 Results


3.1 Literature retrieval

Initial searches across six English databases yielded 717 relevant articles. After removing 242 duplicates and excluding 82 articles with mismatched types or topics, 393 articles underwent preliminary screening. Following abstract screening, 241 articles (including animal studies, meta-analyses, and reviews) were excluded, resulting in 152 articles for further assessment. After full-text review, 138 articles were excluded due to unavailability of full texts, mismatched study designs, unusable data, or inability to construct outcome measures. Ultimately, 14 RCT (24–36) articles were included for network meta-analysis. The literature screening process is illustrated in Figure 1.


[image: Flowchart outlining the process of study selection for a meta-analysis. Initially, 717 records were identified through database searches, with no additional records from other sources. After duplicates and irrelevant articles were excluded, 393 records remained. Further exclusions due to reviews or animal studies reduced this to 152 full-text articles. After full-text assessments eliminated 138 more records for reasons such as ineligibility or unavailable data, 14 studies were included in the final meta-analysis.]
FIGURE 1
 Literature search flowchart.




3.2 Basic characteristics of included literature

The 14 included RCTs involved 934 patients (intervention group: 468, control group: 466). All interventional approaches employed IAI therapies using US-guided localization combined with various agents, encompassing seven strategies: US+PL (3 studies), US+HA (4 studies), US+CS (5 studies), US+PRP (9 studies), US+O 3 (3 studies), US+DX (2 studies), and US+AAT (2 studies). The included literature was published between 2017 and 2025. Basic characteristics of the included studies are presented in Supplementary Table 1.



3.3 Quality assessment of included studies

The Cochrane-recommended RoB 2.0 tool was used to assess the risk of bias in the 14 included RCTs. Regarding the randomization process, 7 studies employed computer- or software-assisted randomization methods, 5 used block randomization or other simple non-computer-generated randomization techniques, and 1 combined random sequence generation with sealed envelope allocation-all were rated as low risk of bias; One study failed to clearly report the specific randomization method and was assessed as having some concerns regarding risk of bias. Regarding blinding implementation, three studies adopted a single-blind design, seven utilized a double-blind design, and one employed a triple-blind design; all these studies were rated as having a low risk of bias. One study did not mention blinding implementation, while two other studies did not implement blinding but this did not affect the measurement and inference of primary outcomes; both were rated as having some risk. Regarding allocation concealment, seven studies clearly implemented allocation concealment measures and were rated as having a low risk of bias; the remaining seven studies did not report relevant measures and were rated as having some risk of bias. Regarding outcome data and reporting completeness, all studies provided complete outcome data without exclusions or dropouts, and reported statistical significance for all measures, thus being rated as low risk of bias.

Furthermore, all studies employed appropriate measurement methods to assess outcome measures. No selective outcome reporting bias was identified, with relevant aspects assessed as low risk of bias. Overall, the included studies demonstrated high methodological quality. The primary risk of bias stemmed from insufficient reporting of randomization procedures and blinding implementation details. The distribution and assessment results for each bias domain are presented in Figure 2.


[image: Risk of bias summary table and bar chart for various studies. The table lists study IDs with experimental and comparator groups, evaluated across five domains, each marked as low risk (green), some concerns (yellow), or high risk (red). The bar chart summarizes these categories as percentages, with each bias domain represented. A color key indicates the risk levels: green for low risk, yellow for some concerns, and red for high risk.]
FIGURE 2
 Risk of bias distribution.




3.4 Evidence network and model selection

Figure 3 displays the evidence networks constructed for seven IAI across five Efficacy Outcome Measures. Each node represents an interventional approach, with node size corresponding to the sample size of included studies. Line thickness indicates the number of direct comparison studies between two interventions, while the numeral following each intervention denotes the number of included studies for that specific outcome measure.


[image: Five graphs labeled A to E depict intervention networks for different measures. Each graph shows nodes connected by lines representing interventions. A is for VAS with six nodes, B for WOMAC-T with three nodes, C for WOMAC-P with three nodes, D for WOMAC-S with three nodes, and E for WOMAC-F with three nodes. Each node is labeled with interventions like US+PRP and US+PL.]
FIGURE 3
 Evidence network diagrams for different outcome indicators (A: VAS, B: WOMAC-T, C: WOMAC-P, D: WOMAC-S, E: WOMAC-F).Evidence network diagram.


Comprehensive evaluation of model goodness-of-fit and heterogeneity levels determined the suitability under different model specifications. Supplementary Table 2 summarizes the fitting results for five outcome measures under both fixed-effect and random-effect models, comparing consistency and inconsistency models. Results demonstrated that across all outcome measures, the consistency model with random effects exhibited optimal performance in both model fitting and heterogeneity control, thus being established as the definitive analytical model for subsequent BNMA.



3.5 Consistency assessment

Node-splitting methodology was employed to conduct inconsistency tests on all comparable intervention pairs, evaluating agreement between direct and indirect evidence within the network. Multiple intervention comparisons encompassing five efficacy outcome measures were incorporated. As illustrated in Figure 4, all comparative p-values exceeded 0.05, with no statistically significant inconsistency observed, indicating robust applicability of the consistency model in this network analysis.


[image: A table lists outcomes with exposures, sources, SMD, lower and upper intervals, and P-values. Outcomes include VAS and WOMAC in various categories. Columns denote direct, indirect, and network sources. A forest plot on the right visualizes the data with colored markers representing values along a scale from negative four to four.]
FIGURE 4
 Forest map of inconsistent test results.




3.6 Transitivity assessment

To evaluate potential systematic bias in indirect comparisons, a transitivity assessment was performed on three key effect modifiers affecting outcomes: age, gender, and number of injections, as shown in Figure 5. A composite figure integrating violin plots, box plots, and scatter plots was employed to visualize their distributional characteristics. Results demonstrated that male proportions across interventions ranged from 25% to 75%, mean ages generally distributed between 50 to 65 years, and total injection frequencies were predominantly concentrated within 1 to 5 administrations. The overall distributions exhibited no abnormal trends and did not constitute systematic bias. The transitivity assumption was validated.


[image: Violin plots showing data distribution across different interventions labeled as US-PX, US-HA, US-CS, US-PHP, US-OX, US-DX, and US-ALT. Plot A depicts average age, Plot B shows the proportion of males, and Plot C displays the total number of injections. Each plot includes individual data points and boxplots within the violin shapes, indicating the spread and central tendency of the data.]
FIGURE 5
 Composite distribution map of baseline characteristics of each intervention group (A: average age, B: gender ratio, C: injection frequency).




3.7 Network meta-analysis

Twelve RCTs reported VAS scores involving seven IAI. BNMA demonstrated that only US+O3 vs. US+HA [SMD = −1.48 (−2.71, −0.24), p < 0.05] reached statistical significance, indicating superior efficacy of US+HA over US+O3 in pain alleviation. Although no statistical differences were observed among other intervention cohorts, Five RCTs reported WOMAC-P scores, three RCTs reported WOMAC-F scores, three RCTs reported WOMAC-S scores, and three RCTs reported WOMAC-T scores. These involved four interventional approaches: US+DX (dexamethasone), US+PL (placebo), US+PRP (platelet-rich plasma), and US+HA (hyaluronic acid). BNMA results indicated statistical significance exclusively in the US+HA vs. US+O3 comparison [−1.48 (−2.71, −0.24)], suggesting HA's superior efficacy over O3 in alleviating pain. No statistical significance was demonstrated in the between-group analyses of all other outcome measures. However, consistent SMD directions were observed across most comparisons. The overall trend indicated a potential advantage of US+PRP across multiple WOMAC dimensions, particularly in WOMAC-Pain [−0.47 (−1.09, 0.16)] and WOMAC-Stiffness [−0.33 (−0.84, 0.17)], where notable effect sizes emerged. Nevertheless, the confidence intervals spanning zero imply limited reliability of these findings. The wide confidence intervals in comparisons between other interventional approaches further limit the reliability of the results. Detailed pairwise comparison outcomes are presented in Figure 6.


[image: A colorful comparison matrix showing treatment effects using different metrics, including VAS, WOMAC-F, WOMAC-P, WOMAC-S, and WOMAC-T. Treatments such as US+PL, US+HA, US+PRP, and others are compared. Various cells contain numerical data, with some highlighted in colors like green, yellow, blue, and pink to distinguish metrics. Data includes numeric values with confidence intervals, and some red text highlights negative values. Labels and a color legend are provided at the bottom.]
FIGURE 6
 Enhanced alliance table of intervention measures under multiple outcome indicators.




3.8 SUCRA ranking

We generated the cumulative SUCRA ranking curves and probability distribution diagrams of rank positions for interventions based on five outcome measures, as shown below. Performance variations existed among interventions across different outcome measures. US+PRP demonstrated higher cumulative ranking probabilities in most indicators, suggesting it may yield optimal effectiveness in pain relief and functional improvement. Regarding VAS, US+AAT exhibited the best intervention effect, followed by US+PRP and US+PL, indicating all three approaches effectively alleviated pain. Regarding WOMAC outcomes, US+PRP demonstrated the optimal interventional efficacy across all WOMAC parameters, indicating its superiority over other approaches in alleviating patient pain, improving knee function, and reducing stiffness severity (Figure 7).


[image: A series of eight charts displaying probability distributions and cumulative ranking scores for treatment rankings. The top row shows bar charts labeled VAS, WOMAC-T, WOMAC-P, and WOMAC-C, each with different treatment rankings. The bottom row features line graphs corresponding to each bar chart, illustrating the cumulative ranking scores over time for the same treatments. Each graph uses different colors to represent various treatments and displays trends and changes in rankings. The x-axis typically represents categories or time, while the y-axis indicates probability or ranking scores.]
FIGURE 7
 Rank distribution of interventions and cumulative probability analysis plot based on the SUCRA for each outcome measure.




3.9 Sensitivity analysis

To evaluate the robustness of findings, sensitivity analyses were performed for interventional approaches with at least three included studies. The stepwise elimination method was employed to quantitatively assess individual studies' impact on overall effects, observing directional changes and magnitude variations in SMDs and 95% CIs between intervention pairs. Results indicated that exclusion of any single study did not cause substantial changes in effect estimates or statistical significance, suggesting strong structural stability of the model. Specifically, the effect estimates for US+PRP interventional approaches remained relatively stable after sequential exclusion of multiple studies, further demonstrating the model's robustness against interference under this outcome measure. Following exclusion of studies such as “Ahmad et al. (24)” and “Louis et al. (29)”, although the SMD variation for US+HA interventional pairs exceeded ±1, the significance level showed no substantial alteration and did not constitute conclusive interference. The sensitivity analysis results demonstrate that the BNMA model exhibits high stability (Figure 8).


[image: Heatmap showing standardized mean differences (SMD) from various studies, identified by researchers' names and years. The scale ranges from negative to positive values, depicted in red to blue. Different treatments are compared, indicated by colored dots: dark blue, light blue, teal, and red.]
FIGURE 8
 Sensitivity analysis heatmap. The horizontal axis represents all pairwise comparison combinations of interventional approaches (identified by color legend), while the vertical axis lists individual studies excluded sequentially. Each grid signifies the direction and magnitude of SMD changes for specific intervention comparisons after removing the corresponding study. Gray indicates that the intervention comparison persists after study exclusion but exhibits zero SMD change, whereas white denotes that the intervention comparison disappears from the network following study removal. The color gradient from blue to red reflects the transition of SMD changes from decrease to increase, with deeper hues indicating greater magnitude of change. Values approaching absolute zero appear closer to white.




3.10 Publication bias

This study systematically evaluated publication bias for all outcome measures using Egger's regression test and comparative adjusted funnel plots in Figure 9. The adjusted funnel plot from Egger's test for the primary efficacy outcome showed symmetrically distributed study points (p > 0.05), indicating no significant publication bias. Due to the limited number of included studies, corresponding p-values could not be calculated for some assessments; however, no obvious publication bias was observed according to the adjusted funnel plots.


[image: Five funnel plots labeled A to E, each illustrating comparison-adjusted effects against standard error. Plot A shows a p-value of 0.8275, Plot B 0.1973, and other plots are similarly annotated. Colored dots represent different comparisons, with labels and p-values indicated below each plot. Light gray areas highlight confidence intervals.]
FIGURE 9
 Corrected funnel plots across different outcome measures (A: VAS, B: WOMAC-T, C: WOMAC-P, D: WOMAC-S, E: WOMAC-F).





4 Discussion

This study incorporated 14 RCTs and systematically evaluated the comprehensive efficacy of multiple US-guided IAI therapies for early-to-mid stage KOA through outcome measures including VAS and WOMAC scores using NMA methodology. Through inconsistency tests and transitivity assessment, this study validated the model's stability. Integrating probability ranking and effect size estimates consistently demonstrated the following conclusions: injection interventions such as PRP, HA, and CS all exhibit common therapeutic effects in improving short-term pain and function, indicating that IAI can effectively alleviate symptoms overall. NMA and SUCRA ranking results indicate that US+PRP intervention demonstrated outstanding performance across multiple outcome measures. Its SUCRA rankings place it among the top interventions in all WOMAC dimensions: VAS (41.31%), WOMAC-T (85.86%), WOMAC-P (78.55%), WOMAC-S (93.24%), and WOMAC-F (90.9%), suggesting superior therapeutic potential. These findings align with recent positive evidence from RCTs and translational studies on PRP (37, 38). Moreover, this trend corroborates multiple direct and indirect comparisons incorporated in our study, indicating a high likelihood of US+PRP becoming a preferred strategy for early-to-mid stage knee osteoarthritis. It is crucial to emphasize that this study focuses on the key technical aspect of “US-Guided” intervention: Through real-time visual localization, therapeutic agents can be precisely delivered into the joint cavity or targeted areas such as synovial plica and infrapatellar fat pad regions. This approach minimizes inadvertent infiltration into soft tissues or vasculature, thereby enhancing injection success rates and therapeutic consistency. From a methodological framework perspective, this establishes a more reliable technical foundation for authentic efficacy comparisons across different injection protocols (39, 40).

PRP is a platelet concentrate obtained by centrifuging autologous peripheral blood (41), whose primary bioactive components include high-concentration platelets, platelet-derived growth factors, transforming growth factor-β, vascular endothelial growth factor insulin-like growth factor-1, anti-inflammatory cytokines, fibrinogen, among others (42). The multiple therapeutic advantages of PRP therapy for KOA can be attributed to its enriched bioactive network and comprehensive remodeling capability on the joint microenvironment (43). Regarding anti-inflammatory mechanisms, the interleukin-1 receptor antagonist abundantly present in PRP effectively competitively inhibits IL-1β binding to its receptor, thereby blocking NF-κB signaling pathway activation and reducing the release of pro-inflammatory factors such as TNF-α and IL-6 (44). Moreover, PRP can upregulate the expression of anti-inflammatory cytokines such as IL-10 and IL-4, promoting the transition of macrophages from the M1 to M2 phenotype, thereby improving the inflammatory microenvironment within the joint (45). Regarding cartilage repair, PRP not only stimulates chondrocyte proliferation and enhances the synthesis of extracellular matrix components including collagen II and aggrecan (46), but also activates signaling pathways such as PI3K/Akt and MAPK/Erk to augment cell survival capacity while inhibiting the activity of apoptosis-related proteins like Caspase-3. More importantly, PRP possesses the ability to regulate cartilage metabolic homeostasis by downregulating matrix metalloproteinase expression while simultaneously upregulating the production of tissue inhibitors of metalloproteinases, thereby delaying degradation of the cartilage matrix (47). Pain represents a common clinical symptom in KOA patients. PRP alleviates pain by reducing local inflammatory factors and prostaglandin levels while improving the periarticular environment of synovial nerve endings, consequently attenuating the peripheral sensitization process (48), explaining the sustained improvement in pain scores. These mechanisms collectively enable PRP not only to alleviate clinical symptoms but also potentially delay the structural progression of KOA, providing a foundation for explaining its long-term efficacy advantages (49). In summary, PRP extends beyond “anti-inflammatory and analgesic effects,” likely achieving gradual structural modifications and sustained functional benefits through multiple pathways-a finding consistent with our analytical results. Despite the growing popularity of PRP therapy for OA, its specific mechanisms of action on knee joint tissues remain unclear. A major issue with PRP is the lack of standardization (50), resulting in inconsistencies across studies. Significant variations in platelet counts among individual patients, combined with differences in preparation methods, lead to variable therapeutic outcomes of PRP therapy (51).

Additionally, both HA and CS demonstrated favorable efficacy in the NMA and SUCRA ranking. Particularly, US+HA showed statistically significant superiority over US+O3 in pain relief, with a VAS score reduction of −1.48 (−2.72, −0.24), indicating HA's substantial therapeutic effect in alleviating pain. The therapeutic mechanism of HA primarily manifests in its unique rheological properties and biological regulatory functions (52). As a key component of synovial fluid and the cartilage matrix, high molecular weight HA significantly enhances the viscoelasticity of joint fluid, restoring its lubricating and shock-absorbing functions. This reduces the friction coefficient and impact stress during joint loading, thereby mechanically alleviating pain (53, 54). HA also interacts with cell surface receptors (such as CD44, RHAMM, and TLR) to regulate intracellular signaling pathways, inhibit the production of inflammatory mediators, and stimulate endogenous HA synthesis (55, 56). Studies demonstrate that high molecular weight HA inhibits the NF-κB signaling pathway activated by Toll-like receptors, reducing the production of prostaglandin E2 and nitric oxide, thereby exerting anti-inflammatory and anti-nociceptive effects (57). Furthermore, HA possesses antioxidant properties, scavenging oxygen free radicals and protecting chondrocytes from oxidative stress-induced damage (58). Notably, high molecular weight HA demonstrates superior efficacy to low molecular weight HA in maintaining chondrocyte phenotype stability (59), particularly suitable for KOA patients with obesity or excessive mechanical loading. In recent years, the application of combined PRP and HA therapy has demonstrated synergistically enhanced therapeutic potential. PRP delivers multiple growth factors and cytokines to promote tissue repair, while HA functions as a biological scaffold that prolongs the retention of active factors and provides a conducive microenvironment (60). Collectively, these agents effectively reduce the inflammatory potential of adipocytes in the infrapatellar fat pad (IFP) synovial adipose tissue by downregulating the expression of pro-inflammatory cytokines and adipokines (61, 62). Clinical trials conducted by researchers confirm that the combined use of PRP and HA yields superior efficacy compared to monotherapy with either agent alone (63). However, this combined strategy currently faces challenges including insufficient standardization of formulations, procedural complexity, and relatively high treatment costs. Its widespread clinical application still requires further high-quality studies to provide robust evidence.

As a classic anti-inflammatory agent, CS primarily provides rapid symptomatic relief through potent anti-inflammatory effects and are mainly used for short-term symptom control in KOA management (64). When exogenous CS are injected into the joint cavity, they primarily bind to glucocorticoid receptors, modulate immune cell function, and regulate the expression levels of enzymes and pro-inflammatory cytokines, thereby inhibiting phospholipase A2 activity reduces the generation of inflammatory mediators such as prostaglandins and leukotrienes, and effectively alleviates synovitis by inhibiting the expression of inflammatory factors including IL-1 and TNF-α (65). Clinically, corticosteroid injections can rapidly relieve joint pain and improve joint function, demonstrating particularly significant efficacy in patients experiencing acute symptom exacerbation (66).

However, although corticosteroids provide pain relief comparable to PRP in the short term, long-term follow-up data generally indicate that their therapeutic effects cannot be sustained and may even adversely affect cartilage metabolism (67, 68). A randomized controlled trial demonstrated that knees receiving intra-articular triamcinolone injections every 3 months exhibited more significant cartilage loss compared to those receiving saline injections (27). Furthermore, long-term or repeated glucocorticoid administration suppresses chondrocyte proliferation, reduces collagen and proteoglycan synthesis, and accelerates cartilage matrix degradation, which likely contributes to its suboptimal long-term efficacy.

This NMA confirms that US-Guided IAI of PRP, HA, and CS effectively alleviate pain and improve function in early-to-mid-stage KOA (69). US-guided techniques significantly enhance injection precision and therapeutic reliability, offering an evidence base for selecting individualized treatment strategies in KOA. However, this study is not without limitations. Although we strictly adhered to inclusion criteria, methodological quality variations existed among the included RCTs, particularly as early studies commonly lacked blinding and allocation concealment designs, potentially introducing performance bias. Secondly, most studies featured limited sample sizes and short follow-up periods, constraining our assessment of the long-term efficacy of interventional approaches. Methodologically, the NMA revealed a lack of direct comparative evidence between interventions such as PRP vs. O3 and HA vs. CS, primarily relying on indirect estimates. Although the node-Splitting Method detected no significant inconsistency, the sparse network structure may compromise statistical power. Furthermore, the heterogeneity in clinical practice deserves attention: variations in US-guided injection accuracy, pharmaceutical preparation standards, and injection protocols may impact the generalizability of findings. Future research should address current evidence gaps by conducting more high-quality RCTs with rigorous designs and adequate sample sizes. Extending follow-up periods will systematically evaluate the long-term efficacy and safety profiles of interventional approaches, while simultaneously considering the balance between clinical outcomes and cost-effectiveness. Although these findings hold certain reference value, clinicians should comprehensively consider individual patient characteristics when making treatment decisions, and further high-quality research is needed for validation.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

JZ: Conceptualization, Data curation, Investigation, Methodology, Validation, Writing – original draft, Writing – review & editing. YG: Conceptualization, Software, Validation, Writing – original draft. BL: Investigation, Project administration, Resources, Visualization, Writing – original draft. GL: Data curation, Funding acquisition, Resources, Writing – review & editing. JL: Funding acquisition, Project administration, Resources, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by grants from the National Natural Science Foundation of Shandong Province (No. ZR2022LZY003) and Leading science and technology team-Li Gang (2024sdskctd-02).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1700950/full#supplementary-material



References

 1. Cai Z, Cui Y, Wang J, Qi X, He P, Bu P, et al. A narrative review of the progress in the treatment of knee osteoarthritis. Ann Transl Med. (2022) 10:373. doi: 10.21037/atm-22-818

 2. Wang Z, Efferth T, Hua X, Zhang XA. Medicinal plants and their secondary metabolites in alleviating knee osteoarthritis: a systematic review. Phytomed Int J Phytother Phytopharm. (2022) 105:154347. doi: 10.1016/j.phymed.2022.154347

 3. Litwic A, Edwards MH, Dennison EM, Cooper C. Epidemiology and burden of osteoarthritis. Br Med Bull. (2013) 105:185–99. doi: 10.1093/bmb/lds038

 4. King LK, Waugh E, MacKay C, Stanaitis I, Stretton J, Weisman A, et al. “it's a dance between managing both”: a qualitative study exploring perspectives of persons with knee osteoarthritis and type 2 diabetes mellitus on the impact of osteoarthritis on diabetes management and daily life. BMJ Open. (2022) 12:e061472. doi: 10.1136/bmjopen-2022-061472

 5. Mekariya K, Vanitcharoenkul E, Chotiyarnwong P, Adulkasem N, Unnanuntana A. High prevalence of symptomatic knee osteoarthritis among patients who have fragility hip fractures. J Arthroplasty. (2025) 40:2179–85.e1. doi: 10.1016/j.arth.2025.01.016

 6. GBD 2021 Osteoarthritis Collaborators. Global, regional, and national burden of osteoarthritis, 1990–2020 and projections to 2050: a systematic analysis for the Global Burden of Disease Study 2021. Lancet Rheumatol. (2023) 5:e508–22. doi: 10.1016/S2665-9913(23)00163-7

 7. Giorgino R, Albano D, Fusco S, Peretti GM, Mangiavini L, Messina C. Knee osteoarthritis: epidemiology, pathogenesis, and mesenchymal stem cells: what else is new? An update. Int J Mol Sci. (2023) 24:6405. doi: 10.3390/ijms24076405

 8. Ma J, Zhang K, Ma X, Wang H, Ma C, Zhang Y, et al. Clinical phenotypes of comorbidities in end-stage knee osteoarthritis: a cluster analysis. BMC Musculoskelet Disord. (2024) 25:299. doi: 10.1186/s12891-024-07394-1

 9. Zhang Y, Liu H. Safety of total knee arthroplasty in the treatment of knee osteoarthritis and its effect on postoperative pain and quality of life of patients. Contrast Media Mol Imaging. (2021) 2021:6951578. doi: 10.1155/2021/6951578

 10. Hochberg MC, Carrino JA, Schnitzer TJ, Guermazi A, Walsh DA, White A, et al. Long-term safety and efficacy of subcutaneous tanezumab versus nonsteroidal anti-inflammatory drugs for hip or knee osteoarthritis: a randomized trial. Arthritis Rheumatol. (2021) 73:1167–77. doi: 10.1002/art.41674

 11. Kolisek FR, Jaggard C, Khlopas A, Sultan AA, Sodhi N, Mont MA, et al. Comparative effectiveness study for non-operative treatment methods for knee osteoarthritis. Surg Technol Int. (2018) 32:325–30.

 12. Lisi C, Perotti C, Scudeller L, Sammarchi L, Dametti F, Musella V, et al. Treatment of knee osteoarthritis: platelet-derived growth factors vs. hyaluronic acid A randomized controlled trial. Clin Rehabil. (2018) 32:330–9. doi: 10.1177/0269215517724193

 13. Samuels J, Pillinger MH, Jevsevar D, Felson D, Simon LS. Critical appraisal of intra-articular glucocorticoid injections for symptomatic osteoarthritis of the knee. Osteoarthritis Cartilage. (2021) 29:8–16. doi: 10.1016/j.joca.2020.09.001

 14. Li AK, Stavrakis AI, Photopoulos C. Platelet-rich plasma use for hip and knee osteoarthritis in the United States. Knee. (2022) 39:239–46. doi: 10.1016/j.knee.2022.06.006

 15. Fang WH, Chen XT, Vangsness CT. Ultrasound-guided knee injections are more accurate than blind injections: a systematic review of randomized controlled trials. Arthrosc Sports Med Rehabil. (2021) 3:e1177–87. doi: 10.1016/j.asmr.2021.01.028

 16. Peeters CMM, Leijs MJC, Reijman M, van Osch GJVM, Bos PK. Safety of intra-articular cell-therapy with culture-expanded stem cells in humans: a systematic literature review. Osteoarthritis Cartilage. (2013) 21:1465–73. doi: 10.1016/j.joca.2013.06.025

 17. Saha P, Smith M, Hasan K. Accuracy of intraarticular injections: blind vs. Image guided techniques-a review of literature. J Funct Morphol Kinesiol. (2023) 8:93. doi: 10.3390/jfmk8030093

 18. Gilliland CA, Salazar LD, Borchers JR. Ultrasound versus anatomic guidance for intra-articular and periarticular injection: a systematic review. Physician Sportsmed. (2011) 39:121–31. doi: 10.3810/psm.2011.09.1928

 19. Huang Z, Du S, Qi Y, Chen G, Yan W. Effectiveness of ultrasound guidance on intraarticular and periarticular joint injections: systematic review and meta-analysis of randomized trials. Am J Phys Med Rehabil. (2015) 94:775–83. doi: 10.1097/PHM.0000000000000260

 20. Maricar N, Parkes MJ, Callaghan MJ, Felson DT, O'Neill TW. Where and how to inject the knee–a systematic review. Semin Arthritis Rheum. (2013) 43:195–203. doi: 10.1016/j.semarthrit.2013.04.010

 21. Wang CP, Lee WC, Hsieh RL. Effects of repeated Co-injections of corticosteroids and hyaluronic acid on knee osteoarthritis: a prospective, double-blind randomized controlled trial. Am J Med. (2022) 135:641–9. doi: 10.1016/j.amjmed.2021.11.016

 22. Cole BJ, Karas V, Hussey K, Pilz K, Fortier LA. Hyaluronic acid versus platelet-rich plasma: a prospective, double-blind randomized controlled trial comparing clinical outcomes and effects on intra-articular biology for the treatment of knee osteoarthritis. Am J Sports Med. (2017) 45:339–46. doi: 10.1177/0363546516665809

 23. Han SB, Seo IW, Shin YS. Intra-articular injections of hyaluronic acid or steroids associated with better outcomes than platelet-rich plasma, adipose mesenchymal stromal cells, or placebo in knee osteoarthritis: a network meta-analysis. Arthroscopy. (2021) 37:292–306. doi: 10.1016/j.arthro.2020.03.041

 24. Ahmad HS, Farrag SE, Okasha AE, Kadry AO, Ata TB, Monir AA, et al. Clinical outcomes are associated with changes in ultrasonographic structural appearance after platelet-rich plasma treatment for knee osteoarthritis. Int J Rheum Dis. (2018) 21:960–6. doi: 10.1111/1756-185X.13315

 25. Naderi Nabi B, Sedighinejad A, Mardani-Kivi M, et al. Comparing the effectiveness of intra-articular platelet-rich plasma and corticosteroid injection under ultrasound guidance on pain control of knee osteoarthritis. Iran Red Crescent Med J. (2018) 20:e62157. doi: 10.5812/ircmj.62157

 26. Teymouri A, Birang N, Fakheri M, Nasiri A. Comparison of the efficacy of ultrasound-guided dextrose 25% hypertonic prolotherapy and intra-articular normal saline injection on pain, functional limitation, and range of motion in patients with knee osteoarthritis; a randomized controlled trial. BMC Musculoskelet Disord. (2025) 26:313. doi: 10.1186/s12891-025-08580-5

 27. McAlindon TE, LaValley MP, Harvey WF, Price LL, Driban JB, Zhang M, et al. Effect of intra-articular triamcinolone vs saline on knee cartilage volume and pain in patients with knee osteoarthritis: a randomized clinical trial. JAMA. (2017) 317:1967–75. doi: 10.1001/jama.2017.5283

 28. Dório M, Pereira RMR, Luz AGB, Deveza LA, De Oliveira RM, Fuller R. Efficacy of platelet-rich plasma and plasma for symptomatic treatment of knee osteoarthritis: a double-blinded placebo-controlled randomized clinical trial. BMC Musculoskelet Disord. (2021) 22:822. doi: 10.1186/s12891-021-04706-7

 29. Louis ML, Magalon J, Jouve E, Bornet CE, Mattei JC, Chagnaud C, et al. Growth factors levels determine efficacy of platelets rich plasma injection in knee osteoarthritis: a randomized double blind noninferiority trial compared with viscosupplementation. Arthrosc: J Arthrosc Relat Surg. (2018) 34:1530–40.e2. doi: 10.1016/j.arthro.2017.11.035

 30. Baria M, Barker T, Durgam S, Pedroza A, Flanigan D, Jia L, et al. Microfragmented adipose tissue is equivalent to platelet-rich plasma for knee osteoarthritis at 12 months posttreatment: a randomized controlled trial. Orthop J Sports Med. (2024) 12:23259671241233916. doi: 10.1177/23259671241233916

 31. Zhang Y. Platelet-rich plasma therapy in refractory knee osteoarthritis combined with infection. Int J Clin Exp Med. (2018) 11:4801–7.

 32. Baria M, Pedroza A, Kaeding C, Durgam S, Duerr R, Flanigan D, et al. Platelet-rich plasma versus microfragmented adipose tissue for knee osteoarthritis: a randomized controlled trial. Orthop J Sports Med. (2022) 10:23259671221120678. doi: 10.1177/23259671221120678

 33. Rahimzadeh P, Imani F, Faiz SHR, Entezary SR, Narimani Zamanabadi M, Alebouyeh MR. The effects of injecting intra-articular platelet-rich plasma or prolotherapy on pain score and function in knee osteoarthritis. Clin Interv Aging. (2018) 13:73–9. doi: 10.2147/CIA.S147757

 34. Babaei-Ghazani A, Najarzadeh S, Mansoori K, et al. The effects of ultrasound-guided corticosteroid injection compared to oxygen–ozone (O2–O3) injection in patients with knee osteoarthritis: a randomized controlled trial. Clin Rheumatol. (2018) 37:2517–27. doi: 10.1007/s10067-018-4147-6

 35. Aslan SG, de Sire A, Köylü SU, Tezen Ö, Atar MÖ, Korkmaz N, et al. The efficacy of ultrasonography-guided oxygen-ozone therapy versus corticosteroids in patients with knee osteoarthritis: a multicenter randomized controlled trial. J Back Musculoskelet Rehabil. (2024) 37:1455–66. doi: 10.3233/BMR-240023

 36. Babaei-Ghazani A, Tirandazi B, Azar M, Madani P, Najarzade S. A comparison of ultrasound guided corticosteroid injection versus ozone injection in grade 3 knee osteoarthritis. Tehran Univ Med J. (2019) 77:373–81.

 37. Bansal H, Leon J, Pont JL, Wilson DA, Bansal A, Agarwal D, et al. Platelet-rich plasma (PRP) in osteoarthritis (OA) knee: correct dose critical for long term clinical efficacy. Sci Rep. (2021) 11:3971. doi: 10.1038/s41598-021-83025-2

 38. Sheean AJ, Anz AW, Bradley JP. Platelet-rich plasma: fundamentals and clinical applications. Arthroscopy. (2021) 37:2732–4. doi: 10.1016/j.arthro.2021.07.003

 39. Sheth T, Miranda OM, Johnson B. Assessment of patient satisfaction, functionality, and quality of life after ultrasound-guided knee intervention: a prospective study. Clin Rheumatol. (2021) 40:735–40. doi: 10.1007/s10067-020-05254-6

 40. Chen YT, Yun PH, Sutton AJ. D Silva KM, Kohler MJ. The ultrasound-guided anteromedial joint line approach: a targeted corticosteroid injection technique for patients with medial knee pain. Pain Physician. (2022) 25:E319–29.

 41. Wakayama T, Saita Y, Kobayashi Y, Nishio H, Uchino S, Fukusato S, et al. Quality comparison between two different types of platelet-rich plasma for knee osteoarthritis. Regener Med Res. (2020) 8:3. doi: 10.1051/rmr/200002

 42. Hosseini S, Soltani-Zangbar MS, Zamani M, Yaghoubi Y, Rikhtegar Ghiasi R, Motavalli R, et al. Comparative evaluation of autologous platelet-rich plasma and platelet lysate in patients with knee osteoarthritis. Growth Factors. (2023) 41:165–77. doi: 10.1080/08977194.2023.2227273

 43. Crowley JL, Soti V. Platelet-rich plasma therapy: an effective approach for managing knee osteoarthritis. Cureus. (2023) 15:e50774. doi: 10.7759/cureus.50774

 44. Riewruja K, Phakham S, Sompolpong P, Reantragoon R, Tanavalee A, Ngarmukos S, et al. Cytokine profiling and intra-articular injection of autologous platelet-rich plasma in knee osteoarthritis. Int J Mol Sci. (2022) 23:890. doi: 10.3390/ijms23020890

 45. Xu J, Chen X, Zhang H, Zhang X, Liu R, Li X, et al. Platelet-rich plasma relieves inflammation and pain by regulating M1/M2 macrophage polarization in knee osteoarthritis rats. Sci Rep. (2025) 15:12805. doi: 10.1038/s41598-025-97501-6

 46. Takemura H, Okumo T, Tatsuo T, Izukashi K, Ikemoto H, Adachi N, et al. The preventive effects of platelet-rich plasma against knee osteoarthritis progression in rats. Cureus. (2023) 15:e48825. doi: 10.7759/cureus.48825

 47. Zhang JY, Xiang XN, Wang Q, Wang XX, Guan AJ, He CQ, et al. The effect of platelet-rich plasma on synovial fibrosis and cartilage degeneration in knee osteoarthritis. Am J Sports Med. (2025) 53:1428–39. doi: 10.1177/03635465251324942

 48. Saita Y, Kobayashi Y, Uchino S, Nishio H, Wakayama T, Fukusato S, et al. Platelet-rich plasma therapy for knee osteoarthritis: Insights from real-world clinical data in Japan. Regen Ther. (2025) 29:427–34. doi: 10.1016/j.reth.2025.04.002

 49. Annaniemi JA, Pere J, Giordano S. The effects of platelet-rich plasma injections in different stages of knee osteoarthritis. Eur J Orthop Surg Traumatol. (2023) 33:2611–7. doi: 10.1007/s00590-023-03481-6

 50. Sahi G, Du JT, Abbas A, Dhotar HS. Current state of systematic reviews for platelet-rich plasma use in knee osteoarthritis. Orthop Traumatol Surg Res OTSR. (2024) 110:103735. doi: 10.1016/j.otsr.2023.103735

 51. Parrish WR, Roides B, Hwang J, Mafilios M, Story B, Bhattacharyya S. Normal platelet function in platelet concentrates requires non-platelet cells: a comparative in vitro evaluation of leucocyte-rich (type 1a) and leucocyte-poor (type 3b) platelet concentrates. BMJ Open Sport Exercise Med. (2016) 2:e000071. doi: 10.1136/bmjsem-2015-000071

 52. Ranawat A, Guo K, Phillips M, Guo A, Niazi F, Bhandari M, et al. Health economic assessments of hyaluronic acid treatments for knee osteoarthritis: a systematic review. Adv Ther. (2024) 41:65–81. doi: 10.1007/s12325-023-02691-y

 53. Li J, Zhang H, Han Y, Hu Y, Geng Z, Su J. Targeted and responsive biomaterials in osteoarthritis. Theranostics. (2023) 13:931–54. doi: 10.7150/thno.78639

 54. da Costa SR, da Mota E Albuquerque RF, Helito CP, Camanho GL. The role of viscosupplementation in patellar chondropathy. Ther Adv Musculoskelet Dis. (2021) 13:1759720X211015005. doi: 10.1177/1759720X211015005

 55. Xu Y, Benedikt J, Ye L. Hyaluronic acid interacting molecules mediated crosstalk between cancer cells and microenvironment from primary tumour to distant metastasis. Cancers. (2024) 16:1907. doi: 10.3390/cancers16101907

 56. Hiruthyaswamy SP, Bose A, Upadhyay A, Raha T, Bhattacharjee S, Singha I, et al. Molecular signaling pathways in osteoarthritis and biomaterials for cartilage regeneration: a review. Bioengineered. (2025) 16:2501880. doi: 10.1080/21655979.2025.2501880

 57. Alkhoury H, Hautmann A, Fuhrmann B, Syrowatka F, Erdmann F, Zhou G, et al. Studies on the mechanisms of anti-inflammatory activity of heparin- and hyaluronan-containing multilayer coatings-targeting NF-κB signalling pathway. Int J Mol Sci. (2020) 21:3724. doi: 10.3390/ijms21103724

 58. Yang Y, Li B, Wang M, Pan S, Wang Y, Gu J. Effect of natural polymer materials on skin healing based on internal wound microenvironment: a review. Front Chem. (2023) 11:1257915. doi: 10.3389/fchem.2023.1257915

 59. Phillips M, Vannabouathong C, Devji T, Patel R, Gomes Z, Patel A, et al. Differentiating factors of intra-articular injectables have a meaningful impact on knee osteoarthritis outcomes: a network meta-analysis. Knee Surg Sports Traumatol Arthrosc. (2020) 28:3031–9. doi: 10.1007/s00167-019-05763-1

 60. Gupta A. Platelet-rich plasma one week prior to hyaluronic acid vs. Platelet-rich plasma alone for the treatment of knee osteoarthritis. Biomedicines. (2022) 10:2805. doi: 10.3390/biomedicines10112805

 61. Chen WH, Lin CM, Huang CF, Hsu WC, Lee CH, Ou KL, et al. Functional recovery in osteoarthritic chondrocytes through hyaluronic acid and platelet-rich plasma-inhibited infrapatellar fat pad adipocytes. Am J Sports Med. (2016) 44:2696–705. doi: 10.1177/0363546516651822

 62. Klein-Wieringa IR, Kloppenburg M, Bastiaansen-Jenniskens YM, et al. The infrapatellar fat pad of patients with osteoarthritis has an inflammatory phenotype. Ann Rheum Dis. (2011) 70:851–7. doi: 10.1136/ard.2010.140046

 63. Gupta A, Sharma SP, Potty AG. Combination of platelet-rich plasma and hyaluronic acid vs. Platelet-rich plasma alone for treatment of knee osteoarthritis. Biomedicines. (2023) 11:2759. doi: 10.3390/biomedicines11102759

 64. Bannuru RR, Osani MC, Vaysbrot EE, Arden NK, Bennell K, Bierma-Zeinstra SMA, et al. OARSI guidelines for the non-surgical management of knee, hip, and polyarticular osteoarthritis. Osteoarthritis Cartilage. (2019) 27:1578–89. doi: 10.1016/j.joca.2019.06.011

 65. Guo MY, Chen HK, Ying HZ, Qiu FS, Wu JQ. The role of respiratory flora in the pathogenesis of chronic respiratory diseases. Biomed Res Int. (2021) 2021:6431862. doi: 10.1155/2021/6431862

 66. Wang X, Xu L, Wu Z, Lou L, Xia C, Miao H, et al. Exosomes of stem cells: a potential frontier in the treatment of osteoarthritis. Precis Clin Med. (2025) 8:pbae032. doi: 10.1093/pcmedi/pbae032

 67. Mariani E, Pulsatelli L. Platelet concentrates in musculoskeletal medicine. Int J Mol Sci. (2020) 21:1328. doi: 10.3390/ijms21041328

 68. Irshad S, Waleed U, Zafar MH, Ramzan MT, Tariq MA, Hassan M, et al. The efficacy of intra-articular platelet-rich plasma injection versus corticosteroid injection in the treatment of knee osteoarthritis: a prospective comparative analysis. Cureus. (2024) 16:e61040. doi: 10.7759/cureus.61040

 69. Fusco G, Gambaro FM, Di Matteo B, Kon E. Injections in the osteoarthritic knee: a review of current treatment options. EFORT Open Rev. (2021) 6:501–9. doi: 10.1302/2058-5241.6.210026

Copyright
 © 2025 Zhang, Guo, Lu, Li and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Efficacy of ultrasound-guided intra-articular injection in the treatment of knee osteoarthritis in early and middle stages: a network meta-analysis



		1 Introduction



		2 Materials and methods



		2.1 Literature search



		2.2 Inclusion criteria



		2.3 Exclusion criteria



		2.4 Literature screening and quality assessment



		2.5 Statistical analysis







		3 Results



		3.1 Literature retrieval



		3.2 Basic characteristics of included literature



		3.3 Quality assessment of included studies



		3.4 Evidence network and model selection



		3.5 Consistency assessment



		3.6 Transitivity assessment



		3.7 Network meta-analysis



		3.8 SUCRA ranking



		3.9 Sensitivity analysis



		3.10 Publication bias







		4 Discussion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		Supplementary material



		References























OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Medicine







OPS/images/fmed-12-1700950-g005.gif
///////

xxxxxxx





OPS/images/fmed-12-1700950-g006.gif
& | faiin] o [ —






OPS/images/fmed-12-1700950-g003.gif





OPS/images/fmed-12-1700950-g004.gif
B

TR

S





OPS/images/fmed-12-1700950-g009.gif





OPS/images/fmed-12-1700950-g007.gif





OPS/images/fmed-12-1700950-g008.gif
[F— .

B Co2017

o AINAD-2015

MLk Lewi 2017

Voreng Zang 2018

T —

el ok Ao 2024

T —

e e o 0 o o

[r—

[rR——





OPS/images/cover.jpg
@ frontiers | Frontiers in Medicine

Efficacy of ultrasound-guided
intra-articular injection in the
treatment of knee osteoarthritis
in early and middle stages: a
network meta-analysis





OPS/images/fmed-12-1700950-g001.gif
e e
e 1 e oo

[Pt ot oo ]
g o -0

I

.
e

Rt e
st e e

ity i -

L)
et e






OPS/images/fmed-12-1700950-g002.gif
e

£333°03333°1






