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ABSTRACT 

Background: Blood Flow Restriction Training (BFRT) has gained considerable attention in both clinical 

and athletic settings for its ability to promote muscle hypertrophy and strength gains using low-load 

resistance. This is particularly relevant in powerlifting, where athletes are prone to overuse injuries due to 

high mechanical loading. 

Objective: This review aims to evaluate the effectiveness of BFRT in enhancing muscle strength and 

hypertrophy among powerlifters. 

Methodology: A narrative literature search was conducted using databases including PubMed, Google 

Scholar, and Cochrane Library from 2015 to 2024. Ten peer-reviewed studies were selected based on 

inclusion criteria focusing on trained individuals, particularly powerlifters, and outcomes related to muscle 

strength and hypertrophy. 

Results: The review found that BFR training, when performed with low to moderate loads, can produce 

strength and hypertrophy gains similar to those achieved with traditional heavy-load training. Notable 

benefits included improved muscle activation, increased hormonal response, and reduced mechanical 

stress on joints. These effects were especially evident when individualized protocols were applied, such 

as adjusting cuff pressure and training volume. 

Conclusion: BFR training presents a safe and effective alternative or complement to conventional high-

load resistance exercises in powerlifters. It allows for continued muscle development while minimizing 

the physical strain associated with heavy lifting. Future research should focus on optimizing BFR 

protocols and exploring its long-term effects in strength athletes. 

 

Keywords: Blood Flow Restriction training, Hypertrophy, Low load training, Muscle Strength, 

Powerlifting, Resistance Training. 

 

INTRODUCTION 

Blood Flow Restriction Training (BFRT) is an emerging technique in the field of resistance training that 

has gained attention due to its ability to help muscle growth and strength gains using relatively low external 
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load [1]. The technique involves applying pressure - via cuffs or elastic bands - to the proximal portion of 

a limb, thereby partially restricting arterial flow and considerably limiting venous return [2]. This creates 

a localized hypoxic state in the working muscles, which leads to metabolic stress and activates 

physiological pathways normally associated with high-load resistance training [3]. 

Initially developed in Japan (KAATSU training), BFRT has changed from a limited rehabilitation training 

into mainstream strength and conditioning programs [4]. The method is particularly beneficial for 

individuals who are unable to lift heavy loads due to injury, surgery, or medical conditions, and is 

increasingly being examined for its usage in athletic populations seeking performance enhancement 

without excessive joint stress [5]. 

Several key studies have demonstrated that BFRT performed at loads as low as 20–30% of one-repetition 

maximum (1RM) can produce muscle hypertrophy and strength gains comparable to traditional high-load 

training (>65% 1RM) [6, 7]. Therefore, this effect is thought to arise from increased recruitment of fast-

twitch muscle fibers, elevation in anabolic hormone levels (such as growth hormone and IGF-1), and 

enhanced muscle protein synthesis [8]. These changes happen party by the accumulation of metabolites 

like lactate and the elevated neural drive required under conditions of limited oxygen [9]. 

The practical application of BFRT, however, is complex. Recent literature shows the importance of 

individualizing variables such as cuff pressure (often expressed as a percentage of arterial occlusion 

pressure or AOP), cuff width, duration of restriction (continuous vs. intermittent), and training volume 

[10]. Inconsistent protocols across studies have made it difficult to draw conclusions, and improper 

application may raise safety concerns, particularly with excessively high pressures or prolonged restriction 

[11]. 

Moreover, as interest in BFRT extends into high-performance sports like powerlifting, new questions are 

emerging. Can BFRT be effectively integrated alongside traditional heavy-load training? Does it provide 

additional benefits or simply serve as a substitute when full loading is not possible? And importantly, how 

does BFRT shows neuromuscular performance, rate of force development, and long-term adaptation in 

strength athletes? [12]. 

Articles from The Journal of Strength and Conditioning Research, The Journal of Applied Physiology, 

and others have explored these themes, with some studies showing improvements in muscle activation, 

strength endurance, and recovery, while others report minimal benefit or variation based on protocol 

specifics [13]. Additionally, recent reviews such as the one from UC Davis emphasize the lack of 

standardized guidelines and the need for greater methodological rigor [14]. 

One of the key reasons power-lifters integrate BFR into their routine is to maintain or even increase muscle 

size without placing undue stress on joints and tendons [15]. The heavy, repetitive nature of powerlifting 

can often lead to overuse injuries or gradual exhaustion, especially in areas like the knees, elbows, or 

lower back. BFR enables lifters to continue training the muscles particularly smaller or accessory muscles 

without the wear and tear associated with high-load training [16]. Since the technique works by restricting 

venous blood flow while allowing arterial inflow, it creates a hypoxic state in the muscle that leads to 

increased metabolic stress, lactate build up, and subsequent muscle fiber recruitment. These physiological 

conditions mimic the effects of high-intensity training, stimulating growth hormone release and muscle 

protein synthesis [17]. 

For injured power-lifters or those undergoing rehabilitation, BFR is especially beneficial. During injury 

or beginning of the recovery phase traditional lifting is not possible due to pain or structural limitations, 

BFR allows athletes to retain muscle mass and strength by performing low-load exercises [18]. This has 
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been shown to significantly reduce the rate of atrophy and assist in maintaining neural activation of the 

muscle [19]. Furthermore, because BFR training is less stress on the central nervous system, it can be used 

more frequently or in conjunction with high-load training to add volume without increasing overall fatigue 

[20]. 

This literature review aims to combine current findings on BFRT by examining its physiological 

mechanisms, effectiveness in both clinical and athletic populations, methodological considerations, and 

its potential role in strength-based sports such as powerlifting. By evaluating the existing body of evidence, 

this review will also identify gaps in the literature and propose future directions for research and 

application. 

 

OBJECTIVES OF THE STUDY 

• To review Blood Flow Restriction training on muscle strength in power lifters. 

• To review Blood Flow Restriction training on muscle hypertrophy in power lifters. 

 

METHODOLOGY 

Study design: A comprehensive narrative literature review was conducted, focusing on peer-reviewed 

studies including Systematic reviews, meta-analyses, randomized controlled trials (RCTs), and narrative 

reviews published from 2015 onward to assess the effectiveness of Blood Flow Restriction (BFR) training 

on muscle strength and hypertrophy in powerlifters.  

Databases Searched: PubMed, Cochrane, Google Scholar, Journal of Strength and Conditioning 

Research 

Search Keywords: Blood Flow Restriction training, Hypertrophy, Low load training, Muscle Strength, 

Powerlifting, Resistance Training, One Repetition Maximum  

Inclusion Criteria: 

• Articles in English 

• Published after 2014 

• Studies involving athletes or strength-trained individuals 

• Research focusing on muscle hypertrophy or strength 

Exclusion Criteria: 

• Non-English studies 

• Studies published before 2015 

• Articles lacking valid strength or hypertrophy outcomes 

 

RESULT 

A comprehensive review of ten relevant studies on Blood Flow Restriction (BFR) training revealed 

consistent improvements in muscle strength and hypertrophy, even when low training loads were used. 

Most studies included trained individuals or athletes, with some specifically involving strength-based 

populations. The following key outcomes emerged: 

• Strength Gains: Several studies demonstrated statistically significant increases in 1-repetition 

maximum (1RM), peak torque, and muscle power in participants undergoing BFR training (Gepfert et 

al., 2024; Bowman et al., 2019). These strength improvements were evident in both upper and lower 

limbs. 
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• Muscle Hypertrophy: Low-load BFR training led to notable increases in muscle cross-sectional area 

(CSA), particularly in type I fibers, alongside greater myonuclei count and capillary density (Pignanelli 

et al., 2021; Muller et al., 2024). Compared to traditional high-load resistance training, BFR often 

yielded comparable or greater hypertrophic adaptations with lower joint stress. 

• Functional and Sport-Specific Performance: Studies assessing explosive strength and endurance 

parameters (e.g., jump height, rowing performance) reported enhancements with BFR training 

(Bradley et al., 2023; Bahamondes-Avila et al., 2024). Such improvements are beneficial in 

performance optimization without high-intensity mechanical loading. 

• Physiological Responses: Elevated occlusion pressures (e.g., 150% AOP) and longer time under 

tension (TUT) protocols amplified metabolic stress, lactate accumulation, and hormonal responses 

associated with muscle growth (Gepfert et al., 2024; Patterson et al., 2019). 

• Safety and Feasibility: Across all studies, BFR training was deemed safe when performed under 

controlled conditions. No severe adverse effects were reported when individualized occlusion 

pressures were applied and training volumes were appropriately monitored (Wortman et al., 2021; 

Yang et al., 2024). 

 

Table 1: Different studies identified for reviewing effectiveness of Blood Flow Restriction Training 

on Muscle Strength and Hypertrophy in Powerlifters. 

Author & 

Year 

Aim  Methodology  Result  Conclusion 

Gepfert et al. 

(2024) 

Effect of BFR 

pressure on 

powerlifting 

outcomes 

7-week program 

with 150% AOP; 

measured 1RM, 

PV, TUT, MR 

Significant 

improvement in all 

strength metrics 

with high-pressure 

BFR 

High AOP enhances 

muscle fatigue and 

metabolic stress, 

boosting 

hypertrophy and 

strength 

Korkmaz et al. 

(2022) 

BFR vs. 

traditional 

resistance training 

23 trained soccer 

players; 2 groups 

(BFR @ 30% 1RM 

vs. RES @ 80%) 

BFR group showed 

greater strength 

gains and RF 

thickness 

BFR more effective 

than traditional high-

load training for 

hypertrophy 

Pignanelli et al. 

(2021) 

BFR for high-

performance 

athletes 

6.5-week training; 

low-load BFR vs. 

high-load 

conventional 

BFR increased 

CSA, myonuclei, 

and capillaries in 

type-I fibers 

BFR leads to 

structural and 

performance gains 

even in elite athletes 

Wortman et al. 

(2021) 

Systematic review 

on BFR in athletes 

10 studies 

reviewed 

78% showed 

strength gains, 50% 

hypertrophy, 75% 

performance 

enhancement 

BFR training 

beneficial for 

strength and 

performance in 

athletes 

Bowman et al. 

(2019) 

Effects on 

proximal/distal 

limbs with BFR 

26 patients (16 

BFR, 10 control) 

Greater strength 

and muscle size 

gains in BFR limbs 

BFR effective for 

local and systemic 

muscle 

strengthening 
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Bradley et al. 

(2023) 

BFR effects on 

size, power, and 

VO₂max 

20 adults, 4-week 

program (BFR vs. 

control) 

BFR improved 

power output more 

than control group 

BFR feasible for 

low-intensity rehab 

and performance 

improvement 

Yang et al. 

(2024) 

Meta-analysis on 

BFR and athletic 

fitness 

28 studies, 542 

athletes 

BFR improved 

strength, speed, 

power, and body 

composition 

BFR broadly 

improves physical 

fitness; outcomes 

vary by protocol 

Muller et al. 

(2024) 

BFR with aerobic 

training 

7 eligible studies 

from 4,462 records 

Greater strength 

and hypertrophy 

with AT + BFR 

than aerobic 

training alone 

BFR enhances the 

effects of aerobic 

exercise on muscle 

growth 

Jing et al. 

(2024) 

Upper limb BFR 

meta-analysis 

11 studies, 220 

participants 

LL-BFRT and 

HLRT had similar 

strength and 

hypertrophy 

outcomes 

LL-BFRT 

outperforms low-

load training alone 

for upper limb 

strength 

Bahamondes-

Avila et al. 

(2024) 

BFR and Smith 

machine jump 

training 

Recreational 

individuals, 4-

week program 

Improved jump 

height and lower 

effort in BFR group 

BFR enhances 

explosive strength 

and reduces fatigue 

perception 

 

DISCUSSION 

The findings of this literature review reinforce the value of BFR training as a viable and effective 

alternative or complement to traditional resistance training, particularly in powerlifters and strength 

athletes. The physiological mechanisms underlying BFR include localized hypoxia, increased metabolite 

accumulation, and greater recruitment of fast-twitch muscle fibers—factors that are key contributors to 

muscle hypertrophy and strength development (Scott et al., 2015; Patterson et al., 2019). 

A key advantage of BFR training lies in its ability to stimulate muscle adaptation at intensities as low as 

20–30% 1RM, which reduces the mechanical stress typically associated with heavy lifting. This has 

important implications for powerlifters in phases of injury rehabilitation, deloading, or recovery, where 

high-load training may not be feasible (Korkmaz et al., 2022). 

Gepfert et al. (2024) showed that even with extremely high arterial occlusion pressures (150% AOP), 

participants experienced marked increases in strength metrics, highlighting the dose-dependent effects of 

BFR intensity. In another study, Pignanelli et al. (2021) reported enhanced hypertrophy markers such as 

increased muscle fiber CSA and myonuclei count in elite athletes using BFR. These findings suggest that 

BFR training can produce beneficial adaptations even in highly trained populations with limited capacity 

for further gains. 

Interestingly, Bowman et al. (2019) demonstrated strength improvements not only in the limb under 

occlusion but also in proximal and contralateral limbs, indicating possible systemic neuromuscular 

adaptations. This could be especially useful in unilateral injury scenarios where training of the affected 

limb is restricted. 
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Moreover, meta-analyses by Yang et al. (2024) and Muller et al. (2024) highlight that training variables 

such as cuff pressure, session frequency, and load percentage significantly influence the outcomes. Hence, 

individualized protocols based on arterial occlusion pressure (AOP) and training goals are critical for 

maximizing benefits while minimizing risk. 

Although promising, the current body of literature shows heterogeneity in protocols, cuff types, and 

measurement outcomes, making it challenging to establish a standardized framework. There is also limited 

long-term data on the safety and sustainability of BFR training in high-level strength athletes. 

 

CONCLUSION 

This evidence-based review confirms that BFR training is a safe and effective method to enhance muscle 

strength and hypertrophy in powerlifters. By using low loads under vascular occlusion, BFR enables 

muscle growth and neuromuscular adaptations similar to those achieved through traditional high-intensity 

resistance training, with the added benefit of reduced joint stress. BFR training proves particularly 

valuable in periods of injury recovery, reduced training availability, or when minimizing mechanical load 

is necessary. 

While BFR training has been validated across both clinical and athletic populations, its successful 

integration into powerlifting programs requires individualized protocols, careful monitoring of cuff 

pressure, and proper guidance by trained professionals. Future research should focus on long-term 

outcomes, optimal training frequencies, and comparative studies between different occlusion methods to 

further refine its application in strength sports. 

When appropriately applied, BFR can be a powerful adjunct to enhance strength performance, accelerate 

recovery, and extend athletic longevity in powerlifting and related sports. 
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