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Blood Flow Restriction Training (BFRT) has emerged as an innovative conditioning strategy that allows
athletes to achieve muscular and cardiovascular adaptations at significantly lower intensities than
traditional training. While its efficacy in enhancing muscular hypertrophy and strength is well
documented, recent research highlights its potential benefits in improving aerobic performance and
fatigue resistance. This review synthesizes current evidence on the physiological mechanisms, training
protocols, and outcomes associated with BFRT in endurance and team-sport athletes. Findings indicate
that BFRT can enhance oxygen utilization efficiency, stimulate angiogenesis, and elevate aerobic
capacity even at submaximal intensities. Moreover, adaptations in muscle oxidative capacity,
mitochondrial biogenesis, and lactate tolerance contribute to delayed onset of fatigue. Despite promising
results, methodological variability across studies and limited long-term data warrant further research to
standardize protocols and optimize training outcomes.
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1. Introduction

Blood Flow Restriction Training (BFRT) involves the application of external pressure—
typically via pneumatic cuffs or elastic bands—around the proximal portion of a limb to
partially restrict venous return while maintaining arterial inflow. Initially developed for
rehabilitation and low-load strength training, BFRT has gained popularity among athletes
seeking to augment performance adaptations while minimizing mechanical stress. In recent
years, its potential application in enhancing aerobic performance and fatigue resistance has
drawn increasing attention. The physiological rationale lies in the hypoxic environment created
during exercise, which triggers a cascade of metabolic and cellular responses conducive to
endurance enhancement (Ferguson et al., 2021) 4,

2. Physiological Mechanisms Underpinning Aerobic Adaptations

2.1 Enhanced Oxygen Utilization and Efficiency

Under restricted blood flow, working muscles experience reduced oxygen availability, leading
to an increased oxygen extraction ratio and recruitment of type Il fibers. This adaptive stress
stimulates improvements in oxygen delivery and utilization efficiency, crucial determinants of
aerobic performance (Yang et al., 2022) 12,

2.2 Mitochondrial Biogenesis and Oxidative Enzyme Activity

BFRT induces an up-regulation of peroxisome proliferator-activated receptor gamma
coactivator 1-alpha (PGC-la), a key regulator of mitochondrial biogenesis. Enhanced
mitochondrial density and oxidative enzyme activity contribute to improved endurance and
energy efficiency (Ferguson et al., 2021) [,

C ding Author: . . . .
orresponeing S hor 2.3 Angiogenesis and Capillary Density

Ambuja Bhardwaj 4 . . .

PhD Scholar, RIMT University, The hypoxic stress from BFRT promotes increased expression of vascular endothelial growth

Punjab, India factor (VEGF), resulting in increased capillary density.

~ 684~


https://www.kheljournal.com/
https://doi.org/10.22271/kheljournal.2025.v12.i5j.4049

International Journal of Physical Education, Sports and Health

Improved microcirculation enhances oxygen delivery to
working muscles during prolonged activity.

2.4 Hormonal and Metabolic Responses

Elevations in growth hormone, nitric oxide production, and
lactate accumulation during BFRT contribute to improved
metabolic  flexibility and buffering capacity. These
adaptations collectively enhance fatigue resistance and
recovery kinetics (Yang et al., 2022) [,

3. Application of BFRT in Aerobic and Endurance
Training

3.1 Low-Intensity Aerobic Exercise with BFR

Studies demonstrate that walking or cycling at 40-50% of
VO:max with BFR can elicit similar or superior aerobic
improvements compared to high-intensity training. This is
particularly beneficial during rehabilitation or tapering phases
when high mechanical load is undesirable. For example,
aerobic training with BFR improved VO:max over control
conditions (SMD = 0.27) in young adults. (Meta-analysis by
Yang et al., 2022) [,

3.2 Interval and High-Intensity Training with BFR
Incorporating BFRT into interval or sprint training can confer
amplified metabolic stress, leading to enhanced mitochondrial
adaptations and lactate clearance. Athletes in intermittent
sports such as football, basketball, and rugby have shown
improved repeated-sprint ability following short-term BFR
interventions (Zhang et al., 2025) [,

3.3 Sport-Specific Endurance Applications

Endurance athletes, including runners and cyclists, have
obtained benefits from BFR through enhanced oxygen
economy and time-to-exhaustion improvements. However,
sport-specific protocols require careful cuff calibration to
balance efficacy and safety.

4. Influence on Fatigue Resistance

4.1 Lactate Tolerance and Buffering Capacity

BFRT promotes adaptations in muscle buffering capacity,
enabling sustained performance under conditions of high
metabolic stress. Repeated exposure enhances tolerance to
lactate accumulation, delaying the onset of muscular fatigue
(The Systemic Effects of BFR Training review) [,

4.2 Neuromuscular and Central Adaptations

Beyond peripheral mechanisms, BFRT induces central
adaptations including improved motor-unit recruitment
efficiency and central drive, contributing to greater fatigue
resistance during prolonged activity.

5. Safety and Practical Considerations

While generally safe under supervised conditions, BFRT
requires appropriate cuff selection, pressure monitoring, and
individualized protocols to minimize risks such as numbness,
excessive discomfort or vascular complications. The
hemodynamic responses during BFRT highlight the need for
caution, especially when combining with aerobic training
(Hemodynamic analysis of BFRT, 2025) 51,

6. Limitations and Future Directions

Despite encouraging findings, inconsistencies in cuff
pressures, exercise intensities and study durations hinder
direct comparison of results. For example, a recent meta-
analysis found moderate effects on VO2max but noted wide
heterogeneity among protocols (Zhang et al., 2025) [, Future
research should focus on long-term adaptations, optimal
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pressure ranges and sport-specific performance outcomes.
Integrating BFRT with endurance periodization models may
yield deeper insights into its sustained effect on aerobic
performance.

7. Conclusion

Blood Flow Restriction Training represents a novel and
efficient modality to enhance aerobic capacity and fatigue
resistance among athletes. By eliciting adaptations in oxygen
utilization, mitochondrial function and metabolic efficiency,
BFRT offers a valuable adjunct to traditional endurance
training. When applied judiciously, it holds promise for
improving both performance and recovery in competitive
settings. However, standardized methodologies and athlete-
specific protocols are imperative to fully harness its potential.
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