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Objectives: The effectiveness of low-load blood flow restriction training (LL-BFRT) in alleviating symptoms in patients with knee osteoarthritis (KOA) remains inconclusive. This systematic review and meta-analysis aim to comprehensively assess the effects of LL-BFRT compared to conventional resistance training on pain, muscle strength, and functional capacity in individuals with KOA.Data sources: PubMed, Embase, Web of Science, EBSCO, Scopus, and Cochrane trails were searched.Study selection: We included randomized controlled trials involving patients with KOA, in which the intervention group underwent LL-BFRT.Data extraction: Literature quality and risk of bias were assessed using the Physiotherapy Evidence Database (PEDro) scale and the Cochrane Risk-of-Bias Tool (ROB 2). Data were extracted using a predefined table, including outcomes such as pain, quadriceps muscle strength, 30-s sit-to-stand test (30STS) and Timed Up and Go test (TUG).Result: Ten studies were included in the meta-analysis. The pooled results indicated that, compared to conventional resistance training, LL-BFRT significantly improved knee joint pain [SMD = 0.25, 95%CI (0.02, 0.48), P = 0.03], increased quadriceps muscle strength [SMD = 0.46, 95%CI (0.04, 0.88), P = 0.03], and enhanced performance on the 30s sit-to-stand test (30STS) [WMD = 1.71, 95%CI (0.30, 3.11), P = 0.02]. However, no significant difference was observed in the improvement of the Timed Up and Go test (TUG) [WMD = −0.13, 95%CI (−0.51, 0.24), P = 0.49]. Subgroup analysis revealed that interventions with an occlusion pressure >100 mmHg and a duration ≤6 weeks had a significant impact on pain relief, quadriceps muscle strength, and the 30STS performance. For patients with KOA aged >65 years, LL-BFRT was more effective in alleviating pain, while for patients aged ≤65 years, it demonstrated more significant improvements in quadriceps strength and 30STS performance.Conclusion: Limited evidence suggests that LL-BFRT may be more effective than conventional resistance training in improving pain, quadriceps muscle strength, and 30STS performance in patients with KOA, while exhibiting a comparable effect on TUG test.Systematic Review Registration: https://www.crd.york.ac.uk/prospero/#myprospero, identifier CRD42024603542Keywords: blood flow restriction training, pain, rehabilitation, knee osteoarthritis, physical function
INTRODUCTION
Pain is a primary symptom of knee osteoarthritis (KOA) and a major reason why patients seek treatment (Jackson et al., 2023). The prevalence of KOA increases with age, with a global estimated prevalence of 3.8% (Cross et al., 2014; Ji et al., 2023). The pain associated with KOA can result in functional limitations and a loss of independence (Giorgino et al., 2023; Hawker, 2019). As KOA progresses, joint replacement surgery may become necessary, further exacerbating the societal and healthcare burden (Riddle and Jiranek, 2015; Costa et al., 2023). The annual costs associated with treating osteoarthritis total approximately 185.5 billion dollars (Kotlarz et al., 2009). With the growing elderly population, KOA presents significant challenges to both society’s economy and individuals' daily lives. Therefore, alleviating pain, preventing disease progression, and improving the daily functioning of patients with KOA are crucial for reducing the social and economic burden of the disease.
Weakness in knee extensor muscles is strongly associated with the worsening of pain and functional impairment in KOA (Oiestad et al., 2022; Muraki et al., 2015). To prevent a vicious cycle of escalating clinical symptoms, patients with KOA require appropriate interventions targeting both pain and muscle strength (Ruhdorfer et al., 2017). Resistance training has been shown to improve muscle strength, reduce joint loading stress, alleviate pain, and enhance overall functional capacity in these patients (Bartholdy et al., 2017; Turner et al., 2020). However, significantly improvements in osteoarthritis pain and physical function typically require 8–12 weeks of resistance training (Turner et al., 2020). For optimal muscle strength gains, the training load should reach 60%–70% of the one-repetition maximum (1RM) (American College of Sports Medicine, 2009). Excessive resistance load can increase knee joint pressure during training, making it intolerable for long-term patients with KOA and knee joint pain (Buford et al., 2015; Messier et al., 2021; Cassidy et al., 2023). While low-resistance training (LRT) may be better tolerated by patients with KOA, it does not provide substantial benefits over high-resistance training (HRT) in terms of improving pain, function, or quality of life, and may even be less effective in enhancing muscle strength (Hua et al., 2023; Regnaux et al., 2015; Schoenfeld et al., 2016). Consequently, there is a need to identify a treatment modality that can concurrently address pain and muscle strength.
LL-BFRT is a therapeutic approach that combines LRT with blood flow restriction therapy. By restricting blood flow to the limbs, LL-BFRT induces a hypoxic environment, promoting the accumulation of metabolites, stimulating type III and IV afferent fibers, and inhibiting alpha motor neurons, leading to recruitment of type II muscle fibers and ultimately enhancing muscle strength (Watson et al., 2022; Meyer, 2006; Rossi et al., 2018). Research has demonstrated that LL-BFRT is as effective as LRT in reducing pain and produces similar improvements in muscle strength as HRT (Peng et al., 2024; Li et al., 2021). Additionally, a study has indicated that 2 weeks of LL-BFRT has positive effects on symptoms, function, and lower limb muscle strength in patients with KOA, suggesting that LL-BFRT may be a more suitable treatment option for these patients (Kim et al., 2024). However, two previous systematic reviews have shown no significant differences in the improvement of pain, muscle strength, muscle size, and physical function between LL-BFRT and resistance training (Wang et al., 2022a; Grantham et al., 2021). This lack of significance may be attributed to the limited number of studies included and the substantial variation in intervention protocols across the included studies. Over the past 3 years, several randomized controlled studies related to LL-BFRT and KOA have been published (Hu et al., 2023; MAI et al., 2018; Dugis et al., 2023a; Dugis et al., 2023b; Pramana et al., 2023a; Pramana et al., 2023b; Sari et al., 2023; Shakeel et al., 2021). Therefore, we have incorporated these newly published studies to conduct a comprehensive systematic review and meta-analysis.
The primary objective of this study is to conduct a systematic review and meta-analysis to assess the effectiveness of LL-BFRT in the rehabilitation of patients with KOA. To this end, this study compared the effects of LL-BFRT with conventional resistance training on pain, muscle strength, and functional activity in individuals with KOA. We hypothesize that LL-BFRT will exert a more pronounced effect in improving pain, muscle strength, and functional activity than conventional resistance training.
MATERIALS AND METHODS
Search strategy
This systematic review and meta-analysis was conducted following the guidelines provided in the PRISMA statement (Prospero registration number: CRD42024603542). A search was conducted across six electronic databases, including PubMed, Embase, Web of Science, EBSCO, Scopus, and Cochrane trails. The literature search covered all relevant studies published from the inception of the databases up to 1 August 2024. The search terms for literature retrieval consisted of “knee osteoarthritis,” “blood flow restriction training,” and their synonyms. The specific search process was as follows: firstly, the search was conducted using the MeSH terms “Osteoarthritis, Knee,” and the keywords “Knee Osteoarthritides,” “Knee Osteoarthritis,” “Osteoarthritis of the Knee,” “Osteoarthritis of Knee,” and “KOA” linked with the operator “OR”. Secondly, the search was performed using the MeSH terms “Blood Flow Restriction Therapy” and the keywords “BFR Therapy,” “Blood Flow Restriction Training,” “Therapy, BFR,” “Blood Flow Restriction Exercise,” “BFR Therapies,” “Kaatsu,” “Vascular Occlusion Training,” and “Occlusion Training” linked with the operator “OR.” The results of the two search parts were then linked using the operator “AND”. The detailed search strategy is provided in Supplementary Material S1. In addition, the reference lists of similar studies were carefully reviewed to identify additional relevant articles. Two researchers (YP and XT) independently conducted the article search, with any discrepancies resolved by a third researcher (DB).
Inclusion and exclusion criteria
All studies were selected based on inclusion and exclusion criteria formulated according to the PICOS framework. The inclusion criteria were as follows: 1. Patients with knee osteoarthritis; 2. The intervention group received low-intensity blood flow restriction training, while the control group received resistance training without blood flow restriction; 3. Outcome measures included pain-related assessment indicators (WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; VAS: Visual Analog Scale; NRS: Numerical Pain Rating Scale; KOOS: Knee Injury and Osteoarthritis Outcome Score), quadriceps strength-related indicators, and functional performance-related indicators (30STS: 30s sit to stand test; TUG: timed up and go test); 4. Randomized controlled trials; 5. publications in English. The exclusion criteria were as follows: 1. Duplicate publications; 2. Conference abstracts; 3. Full-text articles not accessible; 4. Protocols.
Study selection and data extraction
Two reviewers (YZ and XC) independently reviewed the titles, abstracts, and full texts of retrieved articles, screened them according to inclusion and exclusion criteria, and extracted data into a pre-designed electronic spreadsheet. The extracted data included the following: 1. Publication year; 2. Sample size; 3. Age; 4. Training protocol (including exercise mode, Occlusion pressure, Exercise load, duration, frequency); 5. Outcome measures; 6. Adverse events. Data extraction focused on pain scores, quadriceps muscle strength, and functional mobility. In cases of incomplete original data, we contacted the corresponding author of the manuscript. If the author could not be reached, we used software such as GetData Graph Digitizer 2.25 to extrapolate data from graphs. When samples from different studies originated from the same institution, duplicate outcome measure were excluded from the meta-analysis. After data screening, a cross-checking process was conducted, and discrepancies were resolved through discussion or by consulting a third reviewer (DY).
Methodological quality assessment and risk of bias
The Physiotherapy Evidence Database (PEDro) scale was used to assess the quality of the included literature (Cashin and McAuley, 2020). The PEDro scale consists of 11 items, with a total score of 10 points (the first item is not scored). Scores below 4 are considered poor, 4-5 are fair, 6-8 are good, and 9-10 are excellent. Additionally, the revised Cochrane Risk of Bias Tool for Randomized Trials (RoB-2, version 2) was used to assess potential bias across five domains: randomization, deviation from interventions, missing data, outcome measurement, and selective reporting. Each domain can be scored for low, moderate, or high bias risk (Jac et al., 2019). Quality assessment was independently conducted by two researchers (QL and JQ), with discrepant results being discussed and resolved; in cases of disputes, a third reviewer (FW) was consulted to achieve consensus.
Statistical analysis
Meta-analysis was conducted using Stata 17 software. All data in this study were continuous variables, and a random-effects model was applied for data synthesis. Effect sizes were reported as standardized mean difference (SMD) or weighted mean difference (WMD), and 95% confidence intervals (CI) were calculated. Heterogeneity among the included studies was analyzed using a χ2 test (with a significance level of α = 0.1) and quantitatively assessed using I2; I2 ≥ 50% indicates moderate to high heterogeneity among studies (Higgins et al., 2003). Sensitivity analysis was performed using the leave-one-out method to assess the stability of the results and identify potential sources of heterogeneity. Subgroup analysis was performed based on the intervention protocol (occlusion pressure, training duration) and patient characteristics (age). Considering the possibility that some studies used individualized occlusion pressures, reviewers grouped samples based on the mean occlusion pressure converted to the same units. Publication bias was assessed using the Egger’s test.
RESULTS
Literature screening results
A total of 1959 articles were retrieved from 6 databases using relevant MeSH terms and keywords, with an additional 1 article obtained from other resources, bringing the total number of articles to 1960. After using Zotero 7 to eliminate 328 duplicate articles, the final number of articles included for review was 1,632. Upon screening titles and abstracts, a total of 1,612 articles were excluded as they were found to be systematic reviews, animal experiments, case reports, protocols, or irrelevant content, leaving 20 articles for further consideration. Following full-text review, 4 articles with incongruent research content, 1 conference abstract, 1 article with inaccessible full text, 1 non-randomized controlled trial, and 2 articles with unsuitable study subjects were excluded. Ultimately, 11 articles were selected for qualitative analysis, and 10 studies proceeded to meta-analysis. The literature screening process is depicted in Figure 1.
[image: Figure 1]FIGURE 1 |  Literature Screening Flow Chart.
Study characteristics
This study included a total of 11 studies (Hu et al., 2023; MAI et al., 2018; Dugis et al., 2023a; Dugis et al., 2023b; Pramana et al., 2023a; Pramana et al., 2023b; Sari et al., 2023; Shakeel et al., 2021; Bryk et al., 2016; Ferraz et al., 2018; Harper et al., 2019), all of which had experimental groups receiving LL-BFRT and control groups receiving conventional resistance training. 2 studies were conducted in Brazil (Bryk et al., 2016; Ferraz et al., 2018), 5 studies were conducted in Indonesia (Dugis et al., 2023a; Dugis et al., 2023b; Pramana et al., 2023a; Pramana et al., 2023b; Sari et al., 2023), 1 study was conducted in America (Harper et al., 2019), 1 study was conducted in China (Hu et al., 2023), 1 study was conducted in Egypt (MAI et al., 2018), and 1 study was conducted in Pakistan (Shakeel et al., 2021). The average age of participants in the intervention group ranged from 48.85 to 67.2 years, while the average age of participants in the control group ranged from 48.55 to 69.1 years. The intervention group consisted of 153 participants (37 males and 116 females), and the control group consisted of 174 participants (39 males and 135 females). Data from 5 studies came from the same institution (Dugis et al., 2023a; Dugis et al., 2023b; Pramana et al., 2023a; Pramana et al., 2023b; Sari et al., 2023). All studies were randomized controlled trials. Refer to Table 1 for more details.
TABLE 1 | Study characteristics.
[image: Table 1]Intervention protocol
All 11 studies included knee joint muscle strength training (Hu et al., 2023; MAI et al., 2018; Dugis et al., 2023a; Dugis et al., 2023b; Pramana et al., 2023a; Pramana et al., 2023b; Sari et al., 2023; Shakeel et al., 2021; Bryk et al., 2016; Ferraz et al., 2018; Harper et al., 2019). Three studies also incorporated hip joint muscle strength training and stretching exercises (Hu et al., 2023; MAI et al., 2018; Bryk et al., 2016), one study included trunk core muscle group training and movement perception trainin (Bryk et al., 2016), and one study involved range of motion (ROM) training (Hu et al., 2023). In the experimental groups, 8 studies used resistance at 30% of 1RM (MAI et al., 2018; Dugis et al., 2023a; Dugis et al., 2023b; Pramana et al., 2023a; Pramana et al., 2023b; Sari et al., 2023; Bryk et al., 2016; Ferraz et al., 2018), one study used 20% of 1RM (Harper et al., 2019), and 2 studies did not report the resistance intensity (Hu et al., 2023; Shakeel et al., 2021). Among the control groups, 6 studies used resistance at 30% of 1RM (Dugis et al., 2023a; Dugis et al., 2023b; Pramana et al., 2023a; Pramana et al., 2023b; Sari et al., 2023; Ferraz et al., 2018), 2 studies used 60% of 1RM (MAI et al., 2018; Harper et al., 2019), one study used 70% of 1RM (Bryk et al., 2016), and one study used 80% of 1RM (Ferraz et al., 2018), while 2 studies did not report the resistance intensity (Hu et al., 2023; Shakeel et al., 2021). One study calculated occlusion pressure using a formula (Harper et al., 2019), one study used 70% of limb occlusion pressure (LOP) with a mean value of 97.4 mmHg, (Ferraz et al., 2018), and one study used 80% of LOP (Hu et al., 2023). Five studies used 50 mmHg as the occlusion pressure (Dugis et al., 2023a; Dugis et al., 2023b; Pramana et al., 2023a; Pramana et al., 2023b; Sari et al., 2023), 2 studies used 200 mmHg (MAI et al., 2018; Bryk et al., 2016), and one study did not report occlusion pressure (Shakeel et al., 2021). The duration of training in 2 studies was 4 weeks (MAI et al., 2018; Shakeel et al., 2021), 6 studies trained for 6 weeks (Dugis et al., 2023a; Dugis et al., 2023b; Pramana et al., 2023a; Pramana et al., 2023b; Sari et al., 2023; Bryk et al., 2016), and 3 studies trained for 12 weeks (Hu et al., 2023; Ferraz et al., 2018; Harper et al., 2019). Training frequency varied, with 3 studies reporting training twice a week (Dugis et al., 2023a; Dugis et al., 2023b; Ferraz et al., 2018), 3 studies three times a week (MAI et al., 2018; Bryk et al., 2016; Harper et al., 2019), one study training four times a week (Shakeel et al., 2021), and 4 studies not reporting training frequency (Hu et al., 2023; Pramana et al., 2023a; Pramana et al., 2023b; Sari et al., 2023). Refer to Table 1 for more details.
Outcome measures
Seven studies evaluated the degree of knee joint pain, with 3 studies using WOMAC pain (Sari et al., 2023; Ferraz et al., 2018; Harper et al., 2019), 2 studies using VAS, (Dugis et al., 2023b; Shakeel et al., 2021), 1 study using NRS (Bryk et al., 2016), and 1 study using KOOS pain (Hu et al., 2023). Two studies had data from the same sample (Dugis et al., 2023b; Sari et al., 2023). Four studies compared the maximum muscle strength of the quadriceps, with 2 studies assessing isokinetic peak torque (Dugis et al., 2023a; Harper et al., 2019), 1 study evaluating maximum isometric muscle strength (Bryk et al., 2016), and 1 study assessing 1RM (Ferraz et al., 2018). Three studies evaluated 30-STS (Hu et al., 2023; Pramana et al., 2023a; Ferraz et al., 2018). Three studies assessed TUG (MAI et al., 2018; Bryk et al., 2016; Ferraz et al., 2018), 1 study assessed angle reproduction difference (Pramana et al., 2023b), and 1 study assessed 400 m walking speed (Harper et al., 2019). Refer to Table 1 for more details.
Adverse events
Two studies reported adverse events during the training process, with most of the adverse events occurring in the high-load training group (Ferraz et al., 2018; Harper et al., 2019). One study reported an exacerbation of pain related to LL-BFRT in three cases (Harper et al., 2019). Additionally, nine studies did not report any adverse events. Refer to Table 1 for more details.
Meta-analysis results
Effects of LL-BFRT on pain
Included in the study were 6 comparisons of the effects of LL-BFRT and conventional resistance training on knee joint pain, with a total of 287 participants (Hu et al., 2023; Sari et al., 2023; Shakeel et al., 2021; Bryk et al., 2016; Ferraz et al., 2018; Harper et al., 2019). The overall analysis revealed low heterogeneity across the 6 studies (p = 0.59, I2 = 0%), indicating that LL-BFRT significantly alleviated knee joint pain [SMD = 0.25, 95%CI (0.02, 0.48), P = 0.03], as shown in Figure 2. Leave-one-out sensitivity analysis revealed that the results became non-significant when each of the 3 studies was removed individually, indicating instability in the results, as shown in Table 3 (Hu et al., 2023; Shakeel et al., 2021; Higgins et al., 2003). Egger’s test yielded a P value of 0.7140, indicating no significant publication bias among the 6 studies.
[image: Figure 2]FIGURE 2 | Forest plot of the impact of LL-BFRT on pain.
Subgroup analyses revealed that, for occlusion pressures ≤100 mmHg, results showed low heterogeneity (p = 0.73, I2 = 0%) and no significant difference in pain improvement between the groups [SMD = 0.00, 95% CI (−0.37, 0.38), p = 0.98]. For occlusion pressures >100 mmHg, results showed low heterogeneity (p = 0.84, I2 = 0%) with a significantly greater reduction in pain compared to the control group [SMD = 0.41, 95% CI (0.11, 0.70), p = 0.01]. For a training duration of ≤6 weeks, results showed low heterogeneity (p = 0.79, I2 = 0%) with more significant pain improvement compared to the control group [SMD = 0.41, 95% CI (0.01, 0.82), p = 0.04]. In contrast, for a training duration >6 weeks, results showed low heterogeneity (p = 0.31, I2 = 25.27%) and no significant pain improvement between groups [SMD = 0.14, 95% CI (−0.20, 0.48), p = 0.42]. For individuals aged ≤65 years, results showed low heterogeneity (p = 0.52, I2 = 0%) and no significant difference in pain improvement between the groups [SMD = 0.15, 95% CI (−0.23, 0.53), p = 0.43]. For individuals aged >65 years, results showed low heterogeneity (p = 0.37, I2 = 0%) with a significantly greater reduction in pain compared to the control group [SMD = 0.32, 95% CI (0.02, 0.61), p = 0.03], as shown in Table 2.
TABLE 2 | Summary table of overall and subgroup analysis results.
[image: Table 2]Effect of LL-BFRT on quadriceps muscle strength
Including 4 studies comparing LL-BFRT and conventional resistance training on the maximal quadriceps muscle strength, with a total of 145 participants (Dugis et al., 2023a; Bryk et al., 2016; Ferraz et al., 2018; Harper et al., 2019). The overall analysis revealed low heterogeneity across the 4 studies (p = 0.18, I2 = 38.05%). LL-BFRT was found to significantly improve quadriceps muscle strength [SMD = 0.46, 95%CI (0.04, 0.88), P = 0.03], as shown in Figure 3. Leave-one-out sensitivity analysis revealed that the results became non-significant when each of the 2 studies was removed individually, indicating instability in the results, as shown in Table 3 (Dugis et al., 2023a; Bryk et al., 2016). Egger’s test yielded a P value of 0.07, indicating that there was no significant publication bias among the 4 studies.
[image: Figure 3]FIGURE 3 | Forest plot of the impact of LL-BFRT on quadriceps muscle strength.
TABLE 3 | Leave-one-out sensitivity analysis results.
[image: Table 3]Subgroup analyses revealed that, for occlusion pressures ≤100 mmHg, results showed low heterogeneity (p = 0.19, I2 = 37.17%) and no significant improvement in quadriceps strength between the groups [SMD = 0.34, 95% CI (−0.14, 0.83), p = 0.16]. For occlusion pressures >100 mmHg, results showed a significantly greater improvement in quadriceps strength compared to the control group [SMD = 0.82, 95% CI (0.14, 1.50), p = 0.02]. For a training duration of ≤6 weeks, results showed low heterogeneity (p = 0.83, I2 = 0%) with a significant improvement in quadriceps strength compared to the control group [SMD = 0.87, 95% CI (0.36, 1.38), p < 0.01]. For studies with a training duration >6 weeks, results showed low heterogeneity (p = 0.80, I2 = 0%) but no significant difference in quadriceps strength between the groups [SMD = 0.12, 95% CI (−0.32, 0.56), p = 0.59]. For individuals aged ≤65 years, results showed low heterogeneity (p = 0.21, I2 = 37.25%) with significantly greater improvement in quadriceps strength compared to the control group [SMD = 0.60, 95% CI (0.11, 1.09), p = 0.02]. For individuals aged >65 years, results showed no significant difference in quadriceps strength improvement between the groups [SMD = 0.06, 95% CI (−0.59, 0.71), p = 0.86]. , as shown in Table 2.
Effect of LL-BFRT on 30STS
Including 3 studies comparing the effects of LL-BFRT and conventional resistance training on 30STS, involving a total of 188 participants (Hu et al., 2023; Pramana et al., 2023a; Ferraz et al., 2018). The overall analysis revealed high heterogeneity among the 3 studies (p = 0.06, I2 = 71.79%). LL-BFRT was found to significantly increase the number of 30STS repetitions compared to conventional resistance training [WMD = 1.71, 95% CI (0.30, 3.11), P = 0.02], as shown in Figure 4. Leave-one-out sensitivity analysis revealed that the results became non-significant when each of the 2 studies was removed individually, indicating instability in the results, as shown in Table 3 (Hu et al., 2023; Pramana et al., 2023a). Egger’s test yielded a P value of 0.4579, indicating that there was no significant publication bias among the 3 studies.
[image: Figure 4]FIGURE 4 | Forest plot of the impact of LL-BFRT on 30STS.
Subgroup analyses revealed that, for occlusion pressures ≤100 mmHg, results showed high heterogeneity (p = 0.03, I2 = 79.91%) with no significant difference in 30STS performance between the groups [SMD = 1.29, 95% CI (−1.52, 4.09), p = 0.37]. For occlusion pressures >100 mmHg, results showed a significantly greater effect on 30STS performance compared to the control group [SMD = 2.10, 95% CI (0.63, 2.57), p < 0.01]. For a training duration of ≤6 weeks, results showed a significantly greater effect on 30STS performance compared to the control group [SMD = 2.64, 95% CI (1.13, 4.15), p < 0.01]. For studies with a training duration >6 weeks, results showed high heterogeneity (p = 0.03, I2 = 79.39%) with no significant difference in 30STS performance between the groups [SMD = 1.15, 95% CI (−1.09, 3.39), p = 0.31]. For individuals aged ≤65 years, results showed high heterogeneity (p = 0.01, I2 = 85.57%) with no significant difference in 30STS performance between the groups [SMD = 0.57, 95% CI (−0.73, 1.87), p = 0.39]. For individuals aged >65 years, results showed a significantly greater effect on 30STS performance compared to the control group [SMD = 1.65, 95% CI (1.23, 2.08), p < 0.01], as shown in Table 2.
Effect of LL-BFRT on TUG
Including 3 studies comparing the effects of LL-BFRT and conventional resistance training on TUG, involving a total of 122 participants (MAI et al., 2018; Bryk et al., 2016; Ferraz et al., 2018). The overall analysis revealed low heterogeneity among the 3 studies (p = 0.97, I2 = 0%), indicating that LL-BFRT did not significantly reduce TUG time compared to conventional resistance training [WMD = −0.13, 95%CI (−0.51, 0.24), P = 0.49], as shown in Figure 5. Egger’s test yielded a P value of 0.8390, indicating that there was no significant publication bias among the 3 studies.
[image: Figure 5]FIGURE 5 | Forest plot of the impact of LL-BFRT on TUG.
Subgroup analysis revealed that the pooled results of one study with occlusion pressure ≤100 mmHg and training duration ≤6 weeks showed no significant reduction in TUG time [SMD = −0.15, 95%CI (−0.62, 0.32), P = 0.53]. The results of two studies with occlusion pressure >100 mmHg and training duration >6 weeks demonstrated low heterogeneity between the 2 studies (p = 0.83, I2 = 0%), and did not significantly shorten TUG time [SMD = −0.10, 95%CI (−0.73, 0.53), P = 0.75], as shown in Table 2.
Methodological quality assessment and risk of bias
Among the 11 studies included, the overall PEDro scores ranged from 5 to 8, with 2 studies scoring 5 (Pramana et al., 2023a; Ferraz et al., 2018), 4 studies scoring 6 (Dugis et al., 2023b; Pramana et al., 2023b; Sari et al., 2023; Shakeel et al., 2021), 4 studies scoring 7 (Hu et al., 2023; MAI et al., 2018; Dugis et al., 2023a; Harper et al., 2019), and 1 studies scoring 8 (Bryk et al., 2016). 9 studies were rated as good quality literature (Hu et al., 2023; MAI et al., 2018; Dugis et al., 2023a; Dugis et al., 2023b; Pramana et al., 2023b; Sari et al., 2023; Shakeel et al., 2021; Bryk et al., 2016; Harper et al., 2019), while 2 studies were rated as fair quality literature (Pramana et al., 2023a; Ferraz et al., 2018). Please refer to Supplementary Material S2. The ROB2 assessment indicated that 7 studies were rated with some concerns regarding the risk of bias (Hu et al., 2023; MAI et al., 2018; Dugis et al., 2023a; Pramana et al., 2023b; Sari et al., 2023; Bryk et al., 2016; Harper et al., 2019), while 4 studies were classified as having a high risk of bias (Dugis et al., 2023a; Pramana et al., 2023a; Shakeel et al., 2021; Ferraz et al., 2018). For randomization bias, 4 studies were rated as low risk (Hu et al., 2023; MAI et al., 2018; Bryk et al., 2016; Harper et al., 2019), 6 as having some concerns (Dugis et al., 2023a; Dugis et al., 2023b; Pramana et al., 2023b; Sari et al., 2023; Shakeel et al., 2021; Ferraz et al., 2018), and 1 as high risk (Pramana et al., 2023a). Regarding bias due to deviations from intended interventions, 9 studies were rated as having some concerns (Hu et al., 2023; MAI et al., 2018; Dugis et al., 2023a; Pramana et al., 2023a; Pramana et al., 2023b; Sari et al., 2023; Bryk et al., 2016; Ferraz et al., 2018; Harper et al., 2019), and 2 as high risk (Dugis et al., 2023b; Shakeel et al., 2021). In terms of bias related to missing data, all studies were assessed as having low risk (Hu et al., 2023; MAI et al., 2018; Dugis et al., 2023a; Dugis et al., 2023b; Pramana et al., 2023a; Pramana et al., 2023b; Sari et al., 2023; Shakeel et al., 2021; Bryk et al., 2016; Ferraz et al., 2018; Harper et al., 2019). With respect to outcome measurement bias, 6 studies were rated as low risk (Hu et al., 2023; Dugis et al., 2023a; Pramana et al., 2023b; Sari et al., 2023; Shakeel et al., 2021; Bryk et al., 2016), 3 as having some concerns (MAI et al., 2018; Pramana et al., 2023a; Harper et al., 2019), and 2 as high risk (Dugis et al., 2023b; Ferraz et al., 2018). Finally, in the assessment of selective reporting bias, 10 studies were rated as low risk (Hu et al., 2023; MAI et al., 2018; Dugis et al., 2023b; Pramana et al., 2023a; Pramana et al., 2023b; Sari et al., 2023; Shakeel et al., 2021; Bryk et al., 2016; Ferraz et al., 2018; Harper et al., 2019), and 1 as having some concerns (Dugis et al., 2023a). Please refer to Supplementary Material S3.
DISCUSSION
The primary aim of this review and meta-analysis was to evaluate the effect of LL-BFRT compared to conventional resistance training on pain, muscle strength, and functional mobility in patients with KOA. The overall results indicate that LL-BFRT significantly improves pain, muscle strength of the quadriceps, and 30STS performance compared to conventional resistance training. Subgroup analyses of the intervention protocol indicated that, compared to traditional training, LL-BFRT with occlusion pressure >100 mmHg and a training duration ≤6 weeks led to significantly greater improvements in pain, muscle strength, and 30STS performance. Subgroup analysis by patient age revealed that, compared to traditional training, LL-BFRT resulted in significantly greater improvements in pain and 30STS performance for patients aged >65 years with KOA, and more significant improvement in muscle strength for patients aged ≤65 years with KOA. However, no significant differences were found in the effects of LL-BFRT and conventional resistance training on the TUG test, both in the overall and subgroup analyses. It is noteworthy that the leave-one-out sensitivity analysis revealed instability in the overall results, which may arise from heterogeneity in intervention protocols, patient characteristics, and study quality among the 10 included studies. Therefore, the results of this study should be interpreted with caution.
Previous systematic reviews have indicated that the effects of LL-BFRT on improving pain, muscle strength, and functional mobility in patients with KOA are similar to those of conventional resistance training (Li et al., 2021; Wang et al., 2022a; Grantham et al., 2021). This finding is inconsistent with the results of our study, which may be attributed to the limited number of studies included in previous systematic reviews and the inclusion of asymptomatic patients with KOA, potentially leading to an underestimation of the clinical efficacy of LL-BFRT in patients with symptomatic KOA. Furthermore, our study demonstrated that LL-BFRT exhibited superior efficacy in improving the 30STS performance compared to conventional resistance training among patients with KOA, while its effects on the TUG test were comparable between the two interventions. This observation may be attributed to the stronger correlation between the 30STS performance and both pain perception and muscle strength, suggesting that LL-BFRT not only demonstrates more pronounced efficacy in pain alleviation and muscular strengthening but also leads to significantly greater improvements in 30STS performance compared to conventional interventions (Khuna et al., 2024). The effects of LL-BFRT and conventional resistance training on improving TUG are similar, likely due to the stronger association of TUG with postural and balance functions (Türk et al., 2024). Two studies demonstrated that LL-BFRT exhibited comparable effects to conventional resistance training in improving proprioception and 400-meter walking speed among patients with KOA, indicating that LL-BFRT does not confer superior efficacy in enhancing balance function (Pramana et al., 2023b; Harper et al., 2019).
LL-BFRT may be more effective than conventional resistance training in significantly improving pain for three possible reasons. Firstly, LL-BFRT induces a conditional pain modulation effect by creating an ischemic environment through blood flow restriction, which subsequently inhibits joint pain (Fujii et al., 2006; Tuveson et al., 2006). Secondly, the exercise status during LL-BFRT and the local ischemic environment may enhance the release of substances such as nitric oxide, which contribute to inducing analgesia (Faiss et al., 2013; Galdino et al., 2015). Thirdly, blood flow restriction resistance training leads to higher levels of fatigue compared to conventional resistance training (de Queiros et al., 2023). Achieving a state of volitional fatigue post exercise may result in a decreased perception of pain (Yang et al., 2024). Higher occlusion pressure better activates muscles, induces higher levels of neuromuscular fatigue, stimulates endogenous opioid production, and enhances conditional pain modulation, resulting in a stronger and longer-lasting analgesic effect (Fatela et al., 2016; Hughes and Patterson, 2020). For patients with KOA, LL-BFRT with occlusion pressure >100 mmHg was found to significantly alleviate pain more effectively than conventional resistance training. It is important to note that age may be a limiting factor in pain improvement. Our analysis indicated that LL-BFRT was more effective in reducing pain in KOA patients aged >65 years compared to those aged ≤65 years. Considering the correlation between age and the severity of KOA, LL-BFRT may provide greater benefits for patients with more severe symptoms of KOA (Kim et al., 2016).
LL-BFRT also exhibited a more significant effect on muscle strength. This may be due to the ischemic environment and metabolite accumulation environment generated by blood flow restriction training, which enhances protein synthesis and type II muscle fiber recruitment (Vopat et al., 2020). Additionally, moderate occlusion pressure can increase cortical activity, recruit larger motor units, and elevate the neural discharge rate to enhance muscle strength output (Jia et al., 2024). A previous cross-sectional study indicated that LL-BFRT at an occlusion pressure of 70% of LOP (>100 mmHg) effectively increases quadriceps muscle strength and alleviates knee joint pain (Mahmoud et al., 2021). This finding is consistent with the conclusions of our subgroup analysis, which showed that LL-BFRT with occlusion pressure >100 mmHg was more effective than conventional resistance training in improving quadriceps strength in patients with KOA. LL-BFRT demonstrated superior effectiveness in enhancing quadriceps strength in KOA patients aged ≤65 years compared to those aged >65 years. This result aligns with the findings of a previous systematic review, which further indicated that LL-BFRT targeting lower limb muscle strength had particularly significant effects in the 55–64 age group (Li et al., 2023).
Based on a subgroup analysis by training duration, we found that when the training period was 4–6 weeks, LL-BFRT was more effective in alleviating pain and enhancing muscle strength than conventional resistance training. Previous studies have demonstrated that LL-BFRT can reduce the time required for patients to regain mobility, whereas traditional resistance training typically requires 8–12 weeks to achieve significant improvements in osteoarthritis-related pain and physical function (Turner et al., 2020; Jack et al., 2023). These findings suggest that LL-BFRT has the potential to shorten the rehabilitation period for patients with KOA. It is important to note that the clinical benefits of LL-BFRT are not limited to the treatment of KOA. This intervention may also have potential value in other conditions that require low-load training, such as early postoperative rehabilitation and osteoporosis (Hughes et al., 2017; Wang et al., 2023).
Among the 11 studies included in this systematic review, only one study reported three adverse events associated with LL-BFRT, while two studies reported adverse events related to conventional resistance training (Ferraz et al., 2018; Harper et al., 2019). These findings suggest that LL-BFRT is not associated with a higher risk of adverse events compared to conventional resistance training (Hughes et al., 2017). It is important to note that for patients with hypertension, BFRT may temporarily elevate blood pressure, potentially increasing the risk of cerebrovascular events (Zota et al., 2023). Therefore, hypertension risk screening should be conducted before using LL-BFRT. Furthermore, previous case reports have documented the occurrence of rhabdomyolysis following LL-BFRT (Clark and Manini, 2017). It is recommended that initial application of BFRT should commence with low intensity and short duration, gradually increasing to allow for adaptation. Particular attention should be paid to precursors of rhabdomyolysis, such as delayed onset muscle soreness and abnormal urine color.
This study has several limitations, and the results should be interpreted with caution. First, the control group intervention in this study was non-blood flow restricted resistance training, and comparisons between LL-BFRT and resistance training with different intensities may yield different results, potentially affecting the meta-analysis outcomes. Second, most of the included studies had small sample sizes (<40), and there were significant differences in the intervention protocols across studies, which could lead to instability in the results observed in the sensitivity analysis. Third, some studies did not provide detailed methodological descriptions of their interventions, including occlusion pressure, resistance intensity, and training frequency, which could introduce potential observer bias. Finally, all included studies were published in English, which may introduce language bias.
Future research should further optimize the intervention protocols of LL-BFRT for patients with knee osteoarthritis, particularly in terms of individualized occlusion pressure settings, resistance intensity, and training frequency. Several studies are currently exploring the effects of intermittent BFR and low-load training at different occlusion pressure levels on KOA (Cerqueira and de Brito Vieira, 2019; Hong et al., 2024; Jardim et al., 2022; Wang et al., 2022b), but the long-term effects and optimal parameters still require validation through high-quality randomized controlled trials. Future studies should focus on developing standardized LL-BFRT protocols, individualized treatment plans, and long-term follow-up to assess the sustainability of LL-BFRT in improving muscle strength and function, ultimately providing more effective rehabilitation options for patients with KOA.
CONCLUSION
This systematic review and meta-analysis provide new insights into the effects of LL-BFRT on pain and muscle strength in patients with KOA. The results suggest limited evidence supporting the superior effects of LL-BFRT over conventional resistance training in reducing pain and improving muscle strength in patients with KOA. Subgroup analysis suggests that LL-BFRT may accelerate improvements in pain and muscle strength, with more significant effects when the occlusion pressure exceeds 100 mmHg.
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
QL: Writing–original draft, Writing–review and editing. DY: Data curation, Methodology, Writing–review and editing. YZ: Conceptualization, Data curation, Writing–review and editing. XC: Conceptualization, Writing–review and editing. JQ: Methodology, Writing–review and editing. FW: Data curation, Funding acquisition, Methodology, Project administration, Writing–review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by the Natural Science Foundation of Fujian Province (2021J01391), the Youth Talent Training Project of Fujian Provincial Health Commission (2020GGA001) and Joint Funds for theInnovation of Science and Technology, Fujian Province (Grant number: 2024Y9052).
ACKNOWLEDGMENTS
We would like to express our gratitude to everyone who participated in this study.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
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/fphys.2025.1524480/full#supplementary-material
REFERENCES
 American College of Sports Medicine (2009). American College of Sports Medicine position stand. Progression models in resistance training for healthy adults. Med. Sci. Sports Exerc 41, 687–708. doi:10.1249/MSS.0b013e3181915670
 Bartholdy C., Juhl C., Christensen R., Lund H., Zhang W., Henriksen M. (2017). The role of muscle strengthening in exercise therapy for knee osteoarthritis: a systematic review and meta-regression analysis of randomized trials. Semin. Arthritis Rheum. 47, 9–21. doi:10.1016/j.semarthrit.2017.03.007
 Bryk F. F., Dos Reis A. C., Fingerhut D., Araujo T., Schutzer M. Cury R. d. P. L., et al. (2016). Exercises with partial vascular occlusion in patients with knee osteoarthritis: a randomized clinical trial. Knee Surg. Sports Traumatol. Arthrosc. Off. J. ESSKA 24, 1580–1586. doi:10.1007/s00167-016-4064-7
 Buford T. W., Fillingim R. B., Manini T. M., Sibille K. T., Vincent K. R., Wu S. S. (2015). Kaatsu training to enhance physical function of older adults with knee osteoarthritis: design of a randomized controlled trial. Contemp. Clin. Trials 43, 217–222. doi:10.1016/j.cct.2015.06.016
 Cashin A. G., McAuley J. H. (2020). Clinimetrics: Physiotherapy evidence database (PEDro) scale. J. Physiother. 66, 59. doi:10.1016/j.jphys.2019.08.005
 Cassidy R. P., Lunt K. M., Coppack R. J., Bennett A. N., Bilzon J. L. J. Mcguigan M. P., et al. (2023). ADAPTations to low load blood flow restriction exercise versus conventional heavier load resistance exercise in UK military personnel with persistent knee pain: protocol for the ADAPT study, a multi-centre randomized controlled trial. BMC Musculoskelet. Disord. 24, 580. doi:10.1186/s12891-023-06693-3
 Cerqueira M. S., de Brito Vieira W. H. (2019). Effects of blood flow restriction exercise with very low load and low volume in patients with knee osteoarthritis: protocol for a randomized trial. Trials 20, 135. doi:10.1186/s13063-019-3238-2
 Clark B. C., Manini T. M. (2017). Can KAATSU exercise cause rhabdomyolysis?Clin. J. Sport Med. Off. J. Can. Acad. Sport Med. 27, e1–e2. doi:10.1097/JSM.0000000000000309
 Costa D., Lopes D. G., Cruz E. B., Henriques A. R., Branco J. Canhão H., et al. (2023). Trajectories of physical function and quality of life in people with osteoarthritis: results from a 10-year population-based cohort. BMC Public Health 23, 1407. doi:10.1186/s12889-023-16167-9
 Cross M., Smith E., Hoy D., Nolte S., Ackerman I. Fransen M., et al. (2014). The global burden of hip and knee osteoarthritis: estimates from the global burden of disease 2010 study. Ann. Rheum. Dis. 73, 1323–1330. doi:10.1136/annrheumdis-2013-204763
 de Queiros V. S., Rolnick N., Dos Santos Í. K., de França I. M., Lima R. J. Vieira J. G., et al. (2023). Acute effect of resistance training with blood flow restriction on perceptual responses: a systematic review and meta-analysis. Sports Health 15, 673–688. doi:10.1177/19417381221131533
 Dugis P. A. F., Tinduh D., Pawana I. P. A., Utomo D. N., Melaniani S. (2023a). The effect of blood flow restriction in low-intensity load exercise on isokinetic strength of the quadriceps muscles in knee osteoarthritis. Bali Med. J. 12, 2532–2537. doi:10.15562/bmj.v12i3.4703
 Dugis P. A. F., Tinduh D., Pawana I. P. A., Utami D. A., Melaniani S. (2023b). The effect of blood flow restriction in low-intensity load exercise on visual analog scales in knee osteoarthritis patients at dr. Soetomo general hospital surabaya. J. Med. Chem. Sci. 6, 3004–3011. doi:10.15562/bmj.v12i3.4703)
 Faiss R., Pialoux V., Sartori C., Faes C., Dériaz O., Millet G. P. (2013). Ventilation, oxidative stress, and nitric oxide in hypobaric versus normobaric hypoxia. Med. Sci. Sports Exerc 45, 253–260. doi:10.1249/MSS.0b013e31826d5aa2
 Fatela P., Reis J. F., Mendonca G. V., Avela J., Mil-Homens P. (2016). Acute effects of exercise under different levels of blood-flow restriction on muscle activation and fatigue. Eur. J. Appl. Physiol. 116, 985–995. doi:10.1007/s00421-016-3359-1
 Ferraz R. B., Gualano B., Rodrigues R., Kurimori C. O., Fuller R. Lima F. R., et al. (2018). Benefits of resistance training with blood flow restriction in knee osteoarthritis. Med. Sci. Sports Exerc 50, 897–905. doi:10.1249/MSS.0000000000001530
 Fujii K., Motohashi K., Umino M. (2006). Heterotopic ischemic pain attenuates somatosensory evoked potentials induced by electrical tooth stimulation: diffuse noxious inhibitory controls in the trigeminal nerve territory. Eur. J. Pain Lond Engl. 10, 495–504. doi:10.1016/j.ejpain.2005.07.002
 Galdino G. S., Xavier C. H., Almeida R., Silva G., Fontes M. A. Menezes G., et al. (2015). The Nitric oxide/CGMP/KATP pathway mediates systemic and central antinociception induced by resistance exercise in rats. Int. J. Neurosci. 125, 765–773. doi:10.3109/00207454.2014.970256
 Giorgino R., Albano D., Fusco S., Peretti G. M., Mangiavini L., Messina C. (2023). Knee osteoarthritis: epidemiology, pathogenesis, and mesenchymal stem cells: what else is new? An update. Int. J. Mol. Sci. 24, 6405. doi:10.3390/ijms24076405
 Grantham B., Korakakis V., O’Sullivan K. (2021). Does blood flow restriction training enhance clinical outcomes in knee osteoarthritis: a systematic review and meta-analysis. Phys. Ther. Sport Off. J. Assoc. Chart Physiother. Sports Med. 49, 37–49. doi:10.1016/j.ptsp.2021.01.014
 Harper S. A., Roberts L. M., Layne A. S., Jaeger B. C., Gardner A. K. Sibille K. T., et al. (2019). Blood-flow restriction resistance exercise for older adults with knee osteoarthritis: a pilot randomized clinical trial. J. Clin. Med. 8, 265. doi:10.3390/jcm8020265
 Hawker G. A. (2019). Osteoarthritis is a serious disease. Clin. Exp. Rheumatol. 37 (Suppl. 120), 3–6.
 Higgins J. P. T., Thompson S. G., Deeks J. J., Altman D. G. (2003). Measuring inconsistency in meta-analyses. BMJ 327, 557–560. doi:10.1136/bmj.327.7414.557
 Hong Q.-M., Wang H.-N., Liu X.-H., Zhou W. Q., Luo X. B. (2024). Intermittent blood flow restriction with low-load resistance training for older adults with knee osteoarthritis: a randomized, controlled, non-inferiority trial protocol. Trials 25, 352. doi:10.1186/s13063-024-08203-9
 Hu C., Zhu B., Wang Y., Yang F., Zhang J. Zhong W., et al. (2023). Effectiveness of blood flow restriction versus traditional weight-bearing training in rehabilitation of knee osteoarthritis patients with MASLD: a multicenter randomized controlled trial. Front. Endocrinol. 14, 1220758. doi:10.3389/fendo.2023.1220758
 Hua J., Sun L., Teng Y. (2023). Effects of high-intensity strength training in adults with knee osteoarthritis: a systematic review and meta-analysis of randomized controlled trials. Am. J. Phys. Med. Rehabil. 102, 292–299. doi:10.1097/PHM.0000000000002088
 Hughes L., Paton B., Rosenblatt B., Gissane C., Patterson S. D. (2017). Blood flow restriction training in clinical musculoskeletal rehabilitation: a systematic review and meta-analysis. Br. J. Sports Med. 51, 1003–1011. doi:10.1136/bjsports-2016-097071
 Hughes L., Patterson S. D. (2020). The effect of blood flow restriction exercise on exercise-induced hypoalgesia and endogenous opioid and endocannabinoid mechanisms of pain modulation. J. Appl. Physiol. 128, 914–924. doi:10.1152/japplphysiol.00768.2019
 Jac S., J S., Mj P., Elbers R. G., Blencowe N. S. Boutron I., et al. (2019). RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ 366, l4898. doi:10.1136/bmj.l4898
 Jack R., Lambert B., Hedt C., Delgado D., Goble H., McCulloch P. C. (2023). Blood flow restriction therapy preserves lower extremity bone and muscle mass after ACL reconstruction. SPORTS Health- Multidiscip. APPROACH 15, 361–371. doi:10.1177/19417381221101006
 Jackson P., Spector A. L., Strath L. J., Antoine L. H., Li P. Goodin B. R., et al. (2023). Epigenetic age acceleration mediates the relationship between neighborhood deprivation and pain severity in adults with or at risk for knee osteoarthritis pain. Soc. Sci. Med. 331, 116088. doi:10.1016/j.socscimed.2023.116088
 Jardim R. A. C., de Sousa T. S., Dos Santos W. N. N., Matos A. P., Iosimuta N. C. R. (2022). Blood flow restriction with different load levels in patients with knee osteoarthritis: protocol of a randomized controlled trial. Trials 23, 41. doi:10.1186/s13063-022-05998-3
 Ji S., Liu L., Li J., Zhao G., Cai Y. Dong Y., et al. (2023). Prevalence and factors associated with knee osteoarthritis among middle-aged and elderly individuals in rural Tianjin: a population-based cross-sectional study. J. Orthop. Surg. 18, 266. doi:10.1186/s13018-023-03742-4
 Jia B., Lv C., Li D., Lv W. (2024). Cerebral cortex activation and functional connectivity during low-load resistance training with blood flow restriction: an fNIRS study. PloS One 19, e0303983. doi:10.1371/journal.pone.0303983
 Khuna L., Soison T., Plukwongchuen T., Tangadulrat N. (2024). Reliability and concurrent validity of 30-s and 5-time sit-to-stand tests in older adults with knee osteoarthritis. Clin. Rheumatol. 43, 2035–2045. doi:10.1007/s10067-024-06969-6
 Kim H.-T., Kim H.-J., Ahn H.-Y., Hong Y. H. (2016). An analysis of age-related loss of skeletal muscle mass and its significance on osteoarthritis in a Korean population. Korean J. Intern Med. 31, 585–593. doi:10.3904/kjim.2015.156
 Kim K.-H., Kang S.-H., Kim N., Choi J. (2024). Short-term impact of low-intensity exercise with blood flow restriction on mild knee osteoarthritis in older adults: a pilot study. Healthc. Basel Switz. 12, 308. doi:10.3390/healthcare12030308
 Kotlarz H., Gunnarsson C. L., Fang H., Rizzo J. A. (2009). Insurer and out-of-pocket costs of osteoarthritis in the US: evidence from national survey data. Arthritis Rheum. 60, 3546–3553. doi:10.1002/art.24984
 Li S., Shaharudin S., Abdul Kadir M. R. (2021). Effects of blood flow restriction training on muscle strength and pain in patients with knee injuries: a meta-analysis. Am. J. Phys. Med. Rehabil. 100, 337–344. doi:10.1097/PHM.0000000000001567
 Li S., Wang P., Xin X., Zhou X., Wang J. Zhao J., et al. (2023). The effect of low intensity resistance training with blood flow restriction on fall resistance in middle-aged and older adults: a meta-analysis. Int. J. Environ. Res. Public Health 20, 4723. doi:10.3390/ijerph20064723
 Mahmoud W. S., Osailan A., Ahmed A. S., Elnaggar R. K., Radwan N. L. (2021). Optimal parameters of blood flow restriction and resistance training on quadriceps strength and cross-sectional area and pain in knee osteoarthritis. Isokinet. Exerc Sci. 29, 393–402. doi:10.3233/ies-200235
 Mai M. A. A., Nadia A. F., Maha M. M., Mohie E. M. F. (2018). Effect of low load resistance blood flow restriction training on knee osteoarthritis. Med. J. Cairo Univ. 86, 4297–4306. doi:10.21608/mjcu.2018.62817
 Messier S. P., Mihalko S. L., Beavers D. P., Nicklas B. J., DeVita P. Carr J. J., et al. (2021). Effect of high-intensity strength training on knee pain and knee joint compressive forces among adults with knee osteoarthritis: the START randomized clinical trial. JAMA 325, 646–657. doi:10.1001/jama.2021.0411
 Meyer R. A. (2006). Does blood flow restriction enhance hypertrophic signaling in skeletal muscle?J. Appl. Physiol. Bethesda Md 100, 1443–1444. doi:10.1152/japplphysiol.01636.2005
 Muraki S., Akune T., Teraguchi M., Kagotani R., Asai Y. Yoshida M., et al. (2015). Quadriceps muscle strength, radiographic knee osteoarthritis and knee pain: the ROAD study. BMC Musculoskelet. Disord. 16, 305. doi:10.1186/s12891-015-0737-5
 Oiestad B. E., Juhl C. B., Culvenor A. G., Berg B., Thorlund J. B. (2022). Knee extensor muscle weakness is a risk factor for the development of knee osteoarthritis: an updated systematic review and meta-analysis including 46 819 men and women. Br. J. Sports Med. 56, 349–355. doi:10.1136/bjsports-2021-104861
 Peng P., Lu Y., Wang Y., Sui X., Yang Z. Xu H., et al. (2024). Effect of low-intensity bloodflow restriction training on nontraumatic knee joint conditions: a systematic review and meta-analysis. Sports Health , 19417381241235147. doi:10.1177/19417381241235147)
 Pramana I. G. A. A. S. W., Subadi I., Wardhani I. L., Andriana M., Utomo D. N., Melaniani S. (2023b). Effect of blood flow restriction in low-intensity resistance training of the quadriceps femoris muscle on joint position sense and Threshold to detect passive motion in patients with knee osteoarthritis. Bali Med. J. 12, 2565–2571. doi:10.15562/bmj.v12i3.4717
 Pramana I. G. A. A. S. W., Wardhani I. L., Sulastri N., Melaniani S. (2023a). Effect of blood flow restriction in low-intensity resistance training of quadriceps femoris on lower extremity strength in patients with knee osteoarthritis. J. Med. Chem. Sci. 6, 2994–3003. doi:10.26655/JMCHEMSCI.2023.12.14)
 Regnaux J.-P., Lefevre-Colau M.-M., Trinquart L., Nguyen C., Boutron I. Brosseau L., et al. (2015). High-intensity versus low-intensity physical activity or exercise in people with hip or knee osteoarthritis. Cochrane Database Syst. Rev. 2015, CD010203. doi:10.1002/14651858.CD010203.pub2
 Riddle D. L., Jiranek W. A. (2015). Knee osteoarthritis radiographic progression and associations with pain and function prior to knee arthroplasty: a multicenter comparative cohort study. Osteoarthr. Cartil. 23, 391–396. doi:10.1016/j.joca.2014.12.013
 Rossi F. E., de Freitas M. C., Zanchi N. E., Lira F. S., Cholewa J. M. (2018). The role of inflammation and immune cells in blood flow restriction training adaptation: a review. Front. Physiol. 9, 1376. doi:10.3389/fphys.2018.01376
 Ruhdorfer A., Wirth W., Eckstein F. (2017). Association of knee pain with a reduction in thigh muscle strength - a cross-sectional analysis including 4553 osteoarthritis initiative participants. Osteoarthr. Cartil. 25, 658–666. doi:10.1016/j.joca.2016.10.026
 Sari A., Pawana I. P. A., Utami D. A., Melaniani S. (2023). Effect of low-intensity resistance training with blood flow restriction on functional status in knee osteoarthritis. Bali Med. J. 12, 2604–2611. doi:10.15562/bmj.v12i3.4683
 Schoenfeld B. J., Wilson J. M., Lowery R. P., Krieger J. W. (2016). Muscular adaptations in low-versus high-load resistance training: a meta-analysis. Eur. J. Sport Sci. 16, 1–10. doi:10.1080/17461391.2014.989922
 Shakeel R., Khan A. A., Ayyub A., Masood Z. (2021). Impact of strengthening exercises with and without blood flow restriction on quadriceps of knee osteoarthritis patients. JPMA J. Pak Med. Assoc. 71, 2173–2176. doi:10.47391/JPMA.377
 Türk E., Yurdakul F. G., Güler T., Bodur H. (2024). Posture, balance and gait in axial spondyloarthritis: a case-control study. Rheumatol. Int. 44, 2527–2538. doi:10.1007/s00296-024-05710-5
 Turner M. N., Hernandez D. O., Cade W., Emerson C. P., Reynolds J. M., Best T. M. (2020). The role of resistance training dosing on pain and physical function in individuals with knee osteoarthritis: a systematic review. Sports Health 12, 200–206. doi:10.1177/1941738119887183
 Tuveson B., Leffler A.-S., Hansson P. (2006). Time dependent differences in pain sensitivity during unilateral ischemic pain provocation in healthy volunteers. Eur. J. Pain Lond Engl. 10, 225–232. doi:10.1016/j.ejpain.2005.03.010
 Vopat B. G., Vopat L. M., Bechtold M. M., Hodge K. A. (2020). Blood flow restriction therapy: where we are and where we are going. J. Am. Acad. Orthop. Surg. 28, E493–E500. doi:10.5435/JAAOS-D-19-00347
 Wang H.-N., Chen Y., Cheng L., Cai Y. H., Li W., Ni G. X. (2022a). Efficacy and safety of blood flow restriction training in patients with knee osteoarthritis: a systematic review and meta-analysis. Arthritis Care Res. 74, 89–98. doi:10.1002/acr.24787
 Wang H.-N., Chen Y., Cheng L., Wang S. T., Hu D. X. Wang L. N., et al. (2022b). Effect of low-load resistance training with different degrees of blood flow restriction in patients with knee osteoarthritis: study protocol for a randomized trial. Trials 23, 6. doi:10.1186/s13063-021-05946-7
 Wang X., Wang Y., Yang X., Mohd Nasiruddin N. J. B., Dong D. Samsudin S. B., et al. (2023). Effects of blood flow restriction training on bone metabolism: a systematic review and meta-analysis. Front. Physiol. 14, 1212927. doi:10.3389/fphys.2023.1212927
 Watson R., Sullivan B., Stone A., Jacobs C., Malone T. Heebner N., et al. (2022). Blood flow restriction therapy: an evidence-based approach to postoperative rehabilitation. JBJS Rev. 10 (10). doi:10.2106/JBJS.RVW.22.00062
 Yang J., O’Keeffe R., Shirazi S. Y., Mehrdad S., Atashzar S. F., Rao S. (2024). Muscle activity and hypoalgesia in blood flow restricted versus unrestricted effort-matched resistance exercise in healthy adults. Physiol. Rep. 12, e16037. doi:10.14814/phy2.16037
 Zota I. M., Ghiciuc C. M., Cojocaru D. C., Dima-Cozma C. L., Leon M. M. Gavril R. S., et al. (2023). Changes in arterial stiffness in response to blood flow restriction resistance training: a narrative review. J. Clin. Med. 12, 7602. doi:10.3390/jcm12247602
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.
Copyright © 2025 Lin, Yu, Zhang, Chen, Qin and Wu. 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/images/fphys-16-1524480-g005.gif





OPS/images/fphys-16-1524480-t001.jpg
Years Country ~Research Sample  Meanage  Exercise Exercise  Occlusion  Duration; ~ Outcome  Adverse
group size orage mode load pressure  frequency events
(male/female  range, y
Bryketal 6 Brail | TLLBRRT T | Tessno HS; CORE TRy WommMg | Gwddysw | NRS Lequesne NR
Qe GHLKT GO | Ge4s67 | winegHp | CONIRM questonniie,
ABD and ADD; UG,
o CE; Quadriceps
Sensori-motor maximum
ining:KE isometric
olunary
contraction
Dugisetal | 2023 | Indonesa | TLLBRRT e | Tszesas KE . 30%IRM S0 mmbg w2dayw | Maximum KE R
e cuRr cuen) | cem:sn C30mIRM e
Dugsetal | 2025 | Indonesn | TALBERT THEM | Tmess KE T30IRM sommig w2y vas NR
023 CLRT cuen) | cen:sn Co30%IRM
Ferzal, | 8 Brail | TLLBERT 16 0/16) 59924 LPand KE T 30%IRM oniop Ww2dysw | IRM,20STS, cu
o) Cls T €2 criso) | Cre7ss ClisoNIRM TUG,SF36,
e Cuisne | Cxeses Ca:30%IRM WOMAC,
Quadriceps
csa
Huperd | 019 | Ameria | TALBERT TI6EN0 | T@2:52 | IRLELGad | T20MIRM 052 hw3dysy hokinetic T3CH
Qo9) C:MIRT G | 1 o iRy (high suengihof KE,
circumference) 300m walk gait
+s speed,SPPB,
WOMAC pain,
LiFDI,
Blomarkers
Huealoomy) | 203 Chim | TLLBERT TSI | TE2:sl SE.ROM e soniop 120Nk KOS, ROM, NR
Grr G | Gz exenise, 10RM,505TS
Quadriceps
musde
acivaton,
Loverlimb
losechin
wining
MATeal s By | TLLBRRT T0O20 | TSI | SIRKEHp | T0RIRM Wommbg | days UG N
018) C:HLRT €:20 (0/20) C:4855 4338 ABDand C: 60%IRM.
ADDCRHS
Pamametal | 22| Indonesi | TLLBFRT TUeM | Tmess KE T 30IRA S0 mmitg R s0s1S R
Qo23a) curr Gu@n | cemzsn ComIRM
Pamamaesl | 22 | Indonesin | TLLBFRT TGN | Tz KE T 30IRA Sommig R 05, TIDRM NR
) GURT Cu@ny) | Celassn IRy
SwidalQu) | 202 | ndonesa | TALBERT e | Tenesas KE . 30%1RM S0 mmig SuNR womac NR
GLRT Gu@n) | cem:sn C0mIRM
Swkecetal | 221 | Pakisan | TLLBERT s @ 665265 Suenghening NR R awddays | VAS Kujla R
o crr C15(69) execiesof scoing
quadriceps, questonnie,
Hamstingsand Musde gith
alf musdes measurement

LLBERT, Low Load Blood Flow Restriction Traning: LIRT, Low Intensiy Resistane Trining: MIRT, Moderate ntensty resisance trining; HIRT, High-intenity Resstance Traning; KT, esstance raining T, ratment group: C,contrl group: HS,hamsting musce
et KE, knee extensions SLR,sraght leg raiss; ABD, abdcion; ADD, adducton; CORE, training: Bridge with isomeric contraction of the transersus abominis; CR, calf rases CE,cam exercss: P e pres: LE, e extension; LC, g curk CF,calf flexion
SE, tetching execise NR, noreport O, b occlusion pressures NRS, pumericl pain rating cales 3STS, 305 it 1 stand est; TUG, tmed up snd go ests VAS, visual analog scals RM, repetitio masimunss WOMAC, Western Ontaro and MeMastr Uriversts
Osteoarthriis Index; P, sysolc lood pressur CSA,cross-setional are: SF-36,Short Form Health Survey; PP, shortphysial performance batery; LD thelate e function and disabily instrument ROM,range f motion; KOOS, Knee njoryand osteoarthis
outcome scoce: JPS, Jolant position senses TTDPM, Threshold to detect passive motion.






OPS/images/fphys-16-1524480-g003.gif





OPS/images/fphys-16-1524480-g004.gif





OPS/images/fphys-16-1524480-t002.jpg
Overall and subgroup No. of study Sample size MD (95% CI) Heterogeneity

analysis
I P-value
Ovenll s w 025(002,048) 003 oom% 059
2100w 3 m 00(-07,039) 098 o0 07
100 mimkg 3 76 041011,070) oo oom o8t
Pain <6 week 3 92 041001082 o0t oom% 079
Subgroup
6 wecks 3 195 014(-020048) 022 2527% o3
<65 years 3 o 015(-023,059) 03 oo 052
565 years H 7 032(002.061) 003 oo 037
Overall 4 s 046(004,088) 003 3805% 018
<100 mmHg 3 m 034(-014,083) 016 7% 019
5100 mmkg ' a 082(014,150) 002 e =
Stecngth Sbwecks 2 @ 087(036,138) <001 o0 083
Subgroup
6 wecks 2 © 012(-032,056) 039 o0 o8
<65 yeans 3 1o 060(011,109) 002 s25% on
565 years ' s 006 (-039,071) 036 - -
Overall 3 155 171030,311) 002 9% 006
<100 g 3 %% 129(-152,409) 037 7991% 003
100 mmtlg ' 2 2100163,257) w0 - -
sosts S6wecks 1 2 264(113,415) <001 - -
Subgroup
6 wecks 2 160 115 (-109,339) o 39% 00y
<65 years 2 %6 057 (-073,1.87) 039 8s57% oo
565 years 1 1w 165(123,208) <001 = -
Overall 3 e -013(-051024) 019 o0 097
<100 mm ' s 015 (-062032) 053 = -
w6 100 mimkg 2 " -010(-073,053) 075 o0 083
Subgroup
S6wedks 2 " -010(-073053) 075 o0 o8
6 wecks 1 s 015 (-062032) 033 = =

SOETS: 505 bk b0 soandted TUNG, dlmbed b s 5 it MID. e diliiinces L confilince iaerval





OPS/images/fphys-16-1524480-t003.jpg
(95% CI)

P-value

Pain
Bryk etal. (2016) 023 (-0.01,048) 0.063
Ferraz etal. (2018) 0.32(0.07,0.57) 0.013
Harper etal. (2019) 0.30 (0.05,0.55) 0.018
Hu etal. (2023) 0.18(-0.11,0.48) 0223
Sari et al. (2023) 0.25(0.01,0.50) 0.042
Shakeel etal. (2021) 021 (-0.03,046) 0.089
Strength
Bryk etal. (2016) 034 (-0.14,083) 0.162
Dugis et al. (2023a) 033 (-0.11,077) 0.137
Ferraz etal. (2018) 0.58 (0.03,1.13) 0.038
Harper etal. (2019) 0.60 (0.11,1.09) 0.017
30STS
Ferraz et al. (2018) 2.15(1.70,2.59) <001
Hu etal. (2023) 129 (-1.52,4.09) 0.369
Pramanaetal. 20232) | 1.15(-1.09,3.39) 0315

30STS, 30s sit to stand test: MD. mean difference: CL confidence interval.






OPS/xhtml/nav.xhtml
Contents

		Cover

		Impact of low-load blood flow restriction training on knee osteoarthritis pain and muscle strength: a systematic review and meta-analysis of randomized controlled trials		Objectives

		Data sources

		Study selection

		Data extraction

		Result

		Conclusion

		Systematic Review Registration

		Introduction

		Materials and methods		Search strategy

		Inclusion and exclusion criteria

		Study selection and data extraction

		Methodological quality assessment and risk of bias

		Statistical analysis





		Results		Literature screening results

		Study characteristics

		Intervention protocol

		Outcome measures

		Adverse events

		Meta-analysis results

		Methodological quality assessment and risk of bias





		Discussion

		Conclusion

		Data availability statement

		Author contributions

		Funding

		Acknowledgments

		Generative AI statement

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
’ frontiers | Frontiers in Physiology

Impact of low-load blood flow
restriction training on knee
osteoarthritis pain and muscle
strength: a systematic review
and meta-analysis of
randomized controlled trials





OPS/images/fphys-16-1524480-g001.gif





OPS/images/fphys-16-1524480-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
¥ frontiers | Frontiers in Physiology





