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ABSTRACT 

Introduction: Heavy-load strength training (HLT) is generally considered the Gold Standard 

exercise modality for inducing gains in skeletal muscle strength. However, use of heavy external 

exercise loads may be contraindicative in frail individuals. Low-load resistance exercise combined 

with partial blood-flow restriction (LL-BFR exercise) may offer an effective alternative for 

increasing mechanical muscle strength and size. The aim of this study was to compare the effect of 

LL-BFR training to HLT on maximal muscle strength gains. Prospero registration-id 

(CRD42014013382).

Materials and methods: A systematic search in six healthcare science databases and reference lists 

was conducted. Data selected for primary analysis consisted of post intervention changes in 

maximal muscle strength. A random effects meta-analysis with standardized mean differences 

(SMD) was used. 

Results: Of 1413 papers identified through systematic search routines, sixteen papers fulfilled the 

inclusion criteria, totalling 153 participants completing HLT and 157 completing LL-BFR 

training. The magnitude of training-induced gains in maximal muscle strength did not differ 

between LL-BFR training and HLT (SMD of -0.17(95% CI: -0.40; 0.05)). Low between-study 

heterogeneity was noted (I2=0.0%, Chi2 p=9.65). 

Conclusion: LL-BFR training appears equally effective of producing gains in maximal voluntary 

muscle strength compared to HLT in 20-to-80-year-old healthy and habitually active adults.

Keywords 

Blood-flow restriction, high-load exercise, muscle strength, resistance exercise, strength training, 

occlusion training, BFR, HLT.

INTRODUCTION

An individual’s capacity for skeletal muscle force production plays an essential role in locomotive 

ability. Thus, lower limb muscle weakness has been associated with reduced gait speed1 as well as 

increased risk of disability2 and falls3 in elderly individuals. It is well-known that resistance 

training can be used to effectively evoke gains in mechanical muscle function (i.e. maximal 

muscle strength, rate of force development (RFD), power) and muscle mass, respectively, that 

may positively impact functional capacity in populations ranging from frail elderly adults and 

patients1,4,5 to high level athletes6. A
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American College of Sports Medicine (ACSM) recommends adults to perform regular 

heavy-load resistance training (HLT) using external loadings of 60-90% of 1-repetition maximum 

(1RM, maximal effort) to improve maximal muscle force strength7. Consequently, most studies 

focusing on strength gains have investigated the effect of HLT in various healthy and clinical 

populations7-9. However, the use of high external exercise loads may in some situations be 

contraindicated10. In clinical prevention and rehabilitation settings the use of heavy-load exercise 

may not always be feasible, as high levels of musculoskeletal loading may be harmful for the 

healing of supporting tissues (tendon, bone, cartilage etc.) following injury and/or surgery. 

Individuals with a compromised musculoskeletal system often suffer from muscular atrophy and 

strength impairments due to limited amounts of physical activity and/or sarcopenia11,12, which can 

be counter-measured by engaging in exercise protocols aiming at increasing maximal muscle 

strength, power and RFD4. Consequently, increased research focus has been directed to low-load 

alternatives to high-load exercise. Low-load exercise without BFR has typically demonstrated 

none or only minor positive effects on mechanical muscle function (strength, power, rate of force 

development), muscle mass and functional capacity compared to that achieved by use of 

conventional high-load resistance training13-15. However, emerging evidence suggest that low-load 

resistance exercise performed to contraction failure may in fact also stimulate gains in muscle 

strength and muscle mass that are comparable to HLT16. 

Interestingly, resistance exercise using low external loading (20-30% 1RM) and combined 

with partial blood-flow restriction consistently has demonstrated substantial improvements in 

maximal muscular strength and RFD 17-19. Thus, application of low-load blood-flow restricted 

(LL-BFR) resistance exercise may offer a viable alternative to exercise with heavy external 

loadings, as previous studies have suggested a comparable effect of LL-BFR training on maximal 

muscle strength and skeletal muscle mass compared to HLT 20,21. 

Previous meta-analyses have found that LL-BFR training was superior to load-matched 

resistance training without BFR in producing muscle hypertrophy and strength gains22,23. In 

contrast, a recent meta-analysis evaluating BFR training in a mixed cohorts of clinical patients and 

healthy elderly adults24, concluded that LL-BFR was less effective compared to HLT. The only 

previous meta-analysis performed on LL-BFR training versus HLT in healthy adults25 included 

studies that had within-subject controls and/or used non-randomized allocation procedures, while 

also including more than one strength outcome variable from the same populations. Cross-transfer 

effects have been reported for contralateral limb following LL-BFR training26,27, thus inclusion of A
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studies involving within-subject designs may not reflect the direct effects of LL-BFR training. 

Furthermore, non-randomized designs may involve selection bias, while inclusion of the same 

study population multiple times in the quantitative meta-analysis (double counting) inherently will 

increase the statistical weighting of that study population. Thus, based on the previous literature it 

seems relevant to perform a more elective systematic review and meta-analysis in order to 

compare the effect of LL-BFR training versus conventional HLT on mechanical muscle function 

in healthy individuals. 

Consequently, the aim of the present analysis was to perform a systematic review and 

meta-analysis to compare the effect of low-load blood-flow restricted training versus conventional 

high-load strength training on maximal muscle strength in healthy individuals.

MATERIALS AND METHODS 

Protocol and registration

The protocol for this systematic review was published online at International Prospective Register 

of Systematic Reviews (PROSPERO) 10th of December 2014 (CRD42014013382). This study 

was designed to follow the PRISMA guideline28. The original study protocol was designed to 

include a wide range of study designs, as we expected a lack of RCT’s. However, since a 

sufficient number of RCT studies emerged, the scope of analysis was changed to only include 

RCT’s. 

Eligibility criteria 

Type of studies

Randomized controlled trials. 

Type of participants

Included studies composed on healthy humans of ≥18 years, not suffering from specific health 

conditions known to attenuate the effect of strength training. Participants were classified as 

untrained (no physical activity), recreationally active (non-organized training >2 sessions/week), 

highly active (2-4 training sessions, non-professional) or athletes (>4 training sessions/week).

Type of interventionA
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Included studies should involve a specified longitudinal intervention protocol with intervention 

groups performing high-load (60-90% of 1RM) strength training and a group of low-load (20-50% 

of 1RM) BFR training. The LL-BFR exercise protocol was required to follow the same exercise 

modality as used in HLT (leg press, biceps curl, etc.), but supplemented with a reproducible and 

reliable method of restricting blood-flow to the working muscles during the BFR exercise 

(surgical tourniquet, KAATSU equipment, etc.). Studies with exercise protocols that were deemed 

to introduce a risk of intra-individual cross-over effects (left arm BFR/right arm HLT) were 

excluded.

Type of outcome measures

Included studies were required to report on at least one of the following maximal muscle strength 

assessments: isometric dynamometer, isokinetic dynamometer, handheld dynamometer and RM-

test. 

Information sources

Studies were identified by searching the following electronic databases from inception to 23th of 

September 2019: MEDLINE via Pubmed, EMBASE via Ovid, CINAHL (including preCINAHL) 

via EBSCO, Web of Science, SportsDiscus via EBSCO and the Cochrane Central Register of 

Controlled Trials. No restrictions were made for language and publication year. Chain searching 

by back-tracking relevant publications, scanning reference lists of relevant articles and 

consultations with experts in the field, were performed systematically.

Search strategy

The following search terms were used to search in all databases: “strength training”, exercise, 

“resistance training”, “high intensity training”, “weight training”, “high load training”, “blood 

flow occlusion”, “occluded blood flow”, “blood flow restriction”, “restricted blood flow”, 

“vascular occlusion” and “vascular restriction”. See appendix or web-extra for full search string.

Study selection

To assess eligibility two independent reviewers (BMG and JLN/RMM) evaluated the results of the 

initial search using a successive 2-step screening procedure: (i) Title/abstract screening and (ii) 

full text reading. If one reviewer suggested a study should be included based upon title/abstract A
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screening it was assessed for inclusion in full text. Studies were excluded when the two reviewers 

agreed that it failed to meet all specific inclusion criteria or when encountering a given exclusion 

criteria. Disagreements were solved through discussion until consensus was achieved.

Data collection process

Two reviewers (BMG and JLN/RMM) separately performed data extraction with a pre-specified, 

pilot-tested form. Disagreements were solved by discussion. Identification of multiple publications 

including the same population was achieved by comparing reported values (i.e. age, height, or 

weight) between studies with shared authors. If such duplicate publications were found, the 

earliest publication including results on strength gains was included.

Data items

Specific study data items were: population characteristics (age, gender, training status etc.), test 

method (blinding, encouragement etc.), exercise protocol variables and results for primary (muscle 

strength) and secondary (muscle CSA, percentage gains etc.) outcome variables. Missing data 

items were sought by e-mail correspondence with the corresponding study authors. As pre-

specified, data extraction for the primary analysis variables was prioritized in the following order: 

lower extremity > upper extremity and single joint > multiple joint strength test. This approach 

was chosen in order to minimize outcome variability by favouring low exercise neuromotor 

difficulty (e.g. knee extension > leg press). In studies where multiple modes of muscle strength 

measurements were reported, the test modality with the highest test-retest reliability was included, 

prioritized in the following order: 1. isometric dynamometer, 2. isokinetic dynamometer, 3. 

handheld dynamometer and 4.RM-test. In studies where multiple (>1) LL-BFR exercise protocols 

were employed, the interventions most similar to the LL-BFR exercise protocols of other included 

studies were selected to ensure a homogeneous comparison between exercise modes.

Risk of bias in individual studies

The final risk of bias assessment form consisted of Cochrane’s risk of bias tool29. The Risk of Bias 

assessment scores on reporting of judgement items were: 1) Adequate (Bias, if present, is unlikely 

to alter the results seriously), 2) Unclear (A risk of bias that raises some doubt about the results), 

3) Inadequate (Bias may alter the results seriously) corresponding with 1) low, 2) unclear and 3) 

high risk of bias, respectively. A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

The risk of bias analysis comprised four main aspects of reporting: Population recruitment, 

test description, exercise description and reporting of outcomes (see figure 3 text for details). 

Summary measures and synthesis of results

The separate effects of LL-BFR and HLT were evaluated by calculating the standardized mean 

difference (SMD) pre-to-post. A meta-analysis was applied using a random-effects model to 

evaluate the SMD in post results between the intervention arms. If standard deviation information 

was not available this was estimated from standard error, the confidence interval or the p-value in 

accordance with recommendations provided by Cochrane’s Handbook for Systematic Reviews29. 

Obtained SMD values were interpreted as proposed by Cohen30. The extent of inconsistency 

among study results was evaluated using the I-squared “inconsistency index”; the I-square was 

interpreted as the proportion of total variation in study estimates due to heterogeneity rather than 

sampling error31. 

Risk of bias across studies

The risk of selective reporting for the included studies, was evaluated by checking the studies’ 

published protocols and comparing how well the studies reported on all protocol specified 

outcome measures. To evaluate publication bias we plotted the effect by the inverse of its standard 

error for each study. The symmetry was assessed visually by ‘funnel plots’ and formally with 

Egger’s test to evaluate whether the effect decreased with increasing sample size. 

Additional analysis

Subgroup analysis was performed based on age, gender and upper/lower extremity by successively 

removing single studies one at a time and monitoring the impact on overall heterogeneity. 

RESULTS

Study selection

A total of 3301 study records were identified, of which 1888 were discarded as duplicates. From 

the remaining 1413 unique studies, 1334 were excluded through title-abstract assessment and 63 

studies following full text reading, one eligible study was excluded as data was in-obtainable32. 

Consequently, a total of 16 eligible studies33-48 were included in the present meta-analysis (Figure 

1, Table 1).A
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Study characteristics 

Methods

All included studies used (i) randomized participant allocation procedures, (ii) involved a 

longitudinal intervention and (iii) reported at least one objective measure of maximal muscle 

strength.

Participants

The sixteen included studies comprised a total of 310 participants who had been randomized to 

HLT (n=153) or LL-BFR training protocols (n=157), respectively. Age range was equally 

distributed between young (<50 yrs; n=169) and elderly adults (>50 yrs; n=141). All participants 

were characterized as untrained ranging to recreationally active and defined as healthy at study 

inclusion (Table 1).

Intervention procedures

All papers included at least one intervention group performing HLT (60-90% 1RM loading), and 

at least one intervention group performing LL-BFR training (20-30% 1RM) using unilateral or 

bilateral limb exercise. Training duration varied between 4 weeks with 2 sessions/week up to 16 

weeks with 3 sessions/week. The most common exercises were knee extension and leg press (14 

out of 16 studies) (Table 1).

Outcome variables – primary and secondary

All included studies reported muscle strength measures obtained by means of isometric, isokinetic 

(60-180o/s-1) or 1RM maximal strength testing, while various studies reported additional results 

such as ratings of perceived exertion, anatomical muscle size, muscle gene expression markers, 

etc. However, maximal muscle strength was the primary outcome extracted for analysis in the 

present meta-analysis (Table 1).  

Risk of bias of individual studies 

The risk of bias judgements (cf. Figure 3) for population characteristics, P1-P4, indicated a low 

risk of bias for populations (P1), both randomization sequence generation (P2) and concealment of 

allocation (P3) had almost exclusively unclear to high risk of bias. Ten studies reported an explicit A
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sample size calculation (P4). The test design scores, T1-T6, showed that test familiarization trials 

(T4) had a low risk of bias in fourteen studies. Methods to assess mechanical muscle function (T6) 

were deemed low risk of bias for eight studies, whereas four were unclear risk. Aside from 

two47,48, items concerning same-tester descriptions (T1), tester blinding (T2), verbal 

encouragement during testing (T3) and descriptions of learning effects to tests (T5) were at high 

risk of bias. Training protocol items, Tr1 through Tr5, were generally at low risk of bias. The 

reporting of loading exertion (Tr5) during the interventions had low risk in six studies and unclear 

risk in the remaining ten. Only one of the included studies had an online trial registration (but did 

not follow it) leaving the risk of bias unclear for all 16 studies (R1). Assessor (statistician) 

blinding (R2), the use of “intention to treat analysis” (or per-protocol) (R3), reporting of dropouts 

and description of adverse events (R4) were generally at high risk of bias. 

Risk of bias across studies

One of the included studies47 was registered in an online trial registry, none of the other studies 

had a published protocol or were registered in a clinical trial registry. Based on the 16 included 

studies it was not deemed meaningful to perform a funnel plot, nor perform an Egger’s test.

Synthesis of results

No difference was observed between LL-BFR training and HLT on the magnitude of gain in 

maximal muscle strength (SMD=-0.17 [-0.40,0.05] at 95% CI) (Figure 2), which was further 

supported by the difference in effect sizes being “less than small” (<0.2) based on Cohens 

interpretation of effect sizes30. I2-testing indicated that there was no between-study-variance 

(I2=0.0%), and a statistically non-significant Chi2 value of 9.65 was observed (df=15, p=0.84) 

indicating that the variation between studies was non-systematic and purely random.

The simple arithmetic mean of the effect sizes (Hedges g) across the outcomes selected for 

the primary analysis was 0.644 for LL-BFR training and 0.799 for HLT, indicating a medium (0.5) 

to large (0.8) effect size according to Cohens interpretation30. The percentage gains observed in 

maximal muscle strength (Table 2) and muscle size (Table 3), also indicate that LL-BFR training 

and HLT are similarly effective in stimulating gains in maximal muscle strength and muscle mass. 

Subgroup analysesA
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No substantial changes in heterogeneity were observed when excluding results involving age or 

upper extremity exercise. Subgroup analysis on sex was not deemed possible, as multiple studies 

had mixed gender groupings. A subgroup analysis to evaluate whether testing and exercising using 

the same equipment had an effect (assumed to facilitate learning effects in individuals allocated to 

HLT) was carried out, and no significant difference was found in heterogeneity between excluding 

or including these studies.

DISCUSSION

The present meta-analysis examined the efficacy of low-load blood-flow restricted resistance 

training when compared to conventional moderate-to-high-load strength training for evoking 

adaptive gains in maximal muscle strength. The main finding was that LL-BFR training and 

conventional HLT promoted similar gains in muscular strength; irrespectively of the large 

discrepancy in external loading intensity between the two exercise modalities (BFR: 20-30% 1RM 

vs HLT: 60-90% 1RM). Similar, secondary analysis of muscle mass showed equal effect of the 

two training regimes, Thus, the present observations underline the potential of LL-BFR training as 

a viable and effective low-load alternative to HLT for promoting gains in mechanical muscle 

function in healthy populations ranging from young to old adults. 

The finding of similar gains in maximal muscle strength induced by LL-BFR training 

versus HLT observed in the present meta-analysis appears at conflict with the conclusion of recent 

meta-analyses reporting significantly stronger effect of HLT on maximal skeletal muscle strength 

compared to LL-BFR training in healthy individuals25 and clinical patients/elderly individuals24, 

respectively. The disparate conclusions most likely stem from differences in study inclusion 

criteria resulting in the recruitment of different populations. Notably, a recent meta-analysis by 

Lixandrao & coworkers25 included (i) studies involving within-subjects controls (i.e. right arm 

HLT, left arm BFR resulting in potential cross-over training effects); (ii) studies that were non-

randomized (quasi-experimental); and (iii) more than one strength outcome measure obtained 

from the same study and/or study populations in their primary analysis (i.e. double counting). 

Hughes et al.24 also included non-randomized studies (quasi-experimental) and further comprised 

a mixed population of osteoarthritis patients (1 study) and healthy elderly subjects at risk of 

sarcopenia (4 studies). In contrast, the present meta-analysis did not include within-subject studies 

or non-randomized studies, while only including a single outcome variable per study in the A
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primary analysis, which was expected to increase the methodological robustness of the present 

meta-analysis. 

Based on the conclusions of the present meta-analysis, the application of LL-BFR training 

may have broad relevance for improving maximal muscle strength in both young and old adults. 

The unique outcome of increased maximal muscle strength with the use of resistance training 

performed using low external joint and muscle loadings makes this exercise modality attractive in 

settings where high-load exercise may be contraindicative – ranging from athletes (recovery from 

injuries, deloading) to clinical and pre/post clinical settings (cf. frail elderly, pre/post-surgery 

rehabilitation). In addition, very low loading intensities such as horizontal walking at a moderate 

gait speed of 50 meters/minute (3 km/h) in combination with blood-flow restriction (3 wks, 6 

days/wk, 2 sessions/day) resulted in substantial gains in muscle strength (8-10%, ~15%) and lower 

limb muscle mass (4-7%, 3%), respectively, in young and old untrained males49,50. Thus,  LL-BFR 

exercise could potentially broaden the range of options for individualized exercise- and 

rehabilitation protocols involving low mechanical stress forces on non-contractile force bearing 

tissue (i.e. bone, joint, tendon, ligaments). Beyond its apparent versatility in exercise intensity it 

may also provide an option to increase the typical 2-3 weekly training sessions used in HLT 

regimes. An intensive high-frequency (23 training sessions within 19 days) LL-BFR exercise 

protocol was recently found to increase isometric knee extensor MVC by 10.6 % while also 

causing gains in myofiber CSA of 30-40%51 without any clear indications of myocellular 

damage52. 

LL-BFR training may potentially serve as a viable training/rehabilitation tool in frail 

persons and patients suffering from musculoskeletal disorders24 and to whom improvements in 

muscular function (strength, power, RFD) may positively influence the capacity to perform 

activities of daily living8,53,54 or improve sports performance6. However, numerous facets of LL-

BFR exercise training have yet to be thoroughly investigated. Clinical studies involving this 

exercise modality in various patient groups remain somewhat sparse24,54-57. Parameters such as 

self-exercise feasibility and user’s perception of the exercise modality, as listed by ACSM to 

optimize exercise compliance7, have yet to be investigated in relation to BFR training protocols. 

Large-scale randomized controlled trials, and/or qualitative studies (for feasibility and user-

perception), designed in accordance with clinical research guidelines seem warranted to more fully 

explore the feasibility and examine the efficacy of BFR training in specific pre/post clinical patient 

populations. A
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Several important aspects related to LL-BFR exercise training, such as clinical feasibility 

and efficiency, tissue adaptations (neuromotor, bone and tendon) and inherent risk factors remain 

to be fully investigated. Studies on neural adaptions in response to BFR training have revealed 

contrasting results. A lack of change in central activation, motor neuron excitability and/or central 

descending drive and/or surface electromyography (sEMG) amplitude during MVC, respectively, 

has been noted in response to 5-12 wks of LL-BFR training58-60. In contrast, an increase in sEMG 

amplitude during isotonic MVC have been observed after 5-wks LL-BFR training61. Overall, these 

data suggest that BFR training may not uniformly stimulate improvements in neuromuscular 

function. Tendon and bone adaptations in response to LL-BFR training have been sparsely 

investigated. Contrasting findings have been reported demonstrating a lack of patella tendon 

adaptation as well as an increased Achilles tendon cross sectional area and stiffness in response to 

12-14 weeks (3 times/week) LL-BFR training (20-35% 1RM)58,62, whereas LL-BFR training-

induced bone adaptations have not been examined directly. On the other hand, a positive relation 

between the level of mechanical loading and bone/tendon adaptations seem to exist63,64, suggesting 

that morphological and/or mechanical tendon/bone adaptations may not be highly stimulated by 

LL-BFR training.  In contrast, it is well-recognised that heavy-load training can elicit neuromotor 

adaptations as well as tendon and bone adaptations in both young and old individuals4,5,63-65. 

Additionally, the relative safety of LL-BFR training has not been exhaustively 

investigated. Studies examining potential risk factors related to LL-BFR training (e.g. blood 

coagulation, cardiovascular responses, oxidative stress, muscle damage) show no additional or 

only minor overall effects of LL-BFR exercise/training compared to baseline and/or more 

traditional exercise regimes. However, these studies have largely been conducted in healthy 

subjects at young or old age52,66-70. Also, it should be recognized that myocellular muscle damage 

and even rhabdomyolysis may occur in response to unaccustomed or excessive BFR exercise69,71-

73. 

Thus, although the present data indicate that BFR training and heavy-load resistance 

training may be equally efficient in evoking gains in maximal muscle strength, more long-term 

studies are required to validate BFR training as an equally safe, feasible and efficient training 

regime. 

Methodological ConsiderationsA
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The majority of the included studies had no published protocols or online registrations meaning 

that the risk of bias from selective reporting was impossible to address. As illustrated in Figure 3 

the included studies were characterized by a high risk of bias with 33% (100 out of 304) of the 

bias items being estimated as “high risk of bias”, and with no studies being free of high risk. In 

addition, several bias assessment items (P3, T1, T2, R2 and R3) were rarely addressed in the 

included studies, and hence could not be consistently evaluated.  

At a glance, when comparing the % changes in muscle strength (Table 2) to the strength 

gain comparisons of the Forest plot (Figure 2), it would appear that overall greater improvements 

are found in the HLT groups. This artefact may originate from varying, although statistically non-

significant, levels of baseline strength. Unfortunately, this notion could not be verified because of 

unclear conditions of randomization (Figure 3 in P2 & P3). Nonetheless, two of the included 

studies38,74 used ranked quartiles randomization, which could help to provide more homogenous 

groups when sample sizes are small. Beyond unclear risks of selection-bias, multiple items in the 

test design category (risk of bias assessment), remained unclear or unreported (i.e. use of 

same/several testers during testing, whether testers were adequately blinded to group allocations, 

whether verbal encouragement was implemented). The lack of reporting on these items, as well as 

generally unclear test methods may have led to an increased risk of performance bias. Use of 

blinded assessors/statisticians, intention-to-treat protocols, “in-depth” descriptions of dropouts and 

adverse events appear sparse in the studies recruited for the present meta-analysis. To increase 

external validity of future studies, a systematic emphasis should be placed on the elimination of 

bias.

In the present review, we attempted to create a transparent process in clear reporting (i.e. 

following PRISMA guidelines), included RCT studies only, that did not contain factors known to 

influence strength gains (e.g. contralateral cross-over effects), had a training intervention specific 

risk of bias form and included a homogenous population (healthy adults) recruited by a pre-

specified study selection protocol. Nevertheless, a number of factors imitating the generalizability 

of this review may be mentioned: 1) A small total number of participants in the included studies, 

2) HLT and LL-BFR training protocols varied considerably between included studies, and 3) The 

risk of bias assessment revealed an unclear-to-high risk of bias. 

Thus, to further improve and expand the conclusion of the present meta-analysis, a focus 

on protocol optimization for HLT strength training protocols (i.e. ensuring equal training outputs 

between HLT and BFR; e.g. training to fatigue/failure), utilization and reporting of randomisation-A
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allocation and -concealment methods and improvement of reporting in strength tests all seem 

essential. Additionally, the implementation of intention-to-treat analyses and inclusion of 

sufficient numbers of participants to ensure robust statistical power should be prioritized in future 

studies. 

Conclusions

On the basis on the present meta-analysis, LL-BFR training and high-load strength training appear 

equally effective in producing gains in maximal muscle strength in healthy adults. Thus, LL-BFR 

training appears to provide a viable and effective alternative (or supplement) to conventional 

heavy-load resistance exercise.

The synthesized data of this review and meta-analysis underline the need for conducting 

studies with larger sample sizes and with an amplified focus on methodological robustness to 

avoid potential sources of bias, as this will provide a stronger basis for assessing the efficacy and 

applicability of BFR exercise training in comparison to other training modalities. This aspect is of 

high importance since the application of BFR strength training protocols seems of high relevance 

in various rehabilitation populations and settings, as well as providing athletes with an effective 

alternative to HLT75.

Perspectives to sports medicine

As concluded in this meta-analysis blood-flow restricted (BFR) resistance training appears to 

represent a valid alternative to heavy-load (HLT) resistance training in healthy young and old 

adults, although high-quality RCT studies are lacking. Extending conclusions stated by Scott et. 

al.75 on the effectiveness of BFR training in athletes, our findings support that BFR intervention is 

effective in healthy individuals whether engaged in sports or not. 

Thus, low-load BFR training constitutes an exercise modality that with low muscle-tendon 

loadings and a small training volume (few repetitions performed compared to low-load training 

without BFR) appears effective at improving maximal muscle strength in a manner that may be 

beneficial to healthy populations and clinical patient groups. 
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HLT=8 

BFR=8 

m/f 

64 (3.81) 

 

 

ND ND, >6 

months of 

no strength 

training 

prior to 

study 

Dropouts 

ND, 

adverse 

events ND, 

ITT ND 

1RM ND, ND ND HLT=70% first 6 weeks 80% 

last 6 weeks@ 4x10 

sets/reps, 1min rest btw sets 

  

BFR=20% first 6 weeks 30% 

last 6 weeks, 30/15/15/15 

reps, 1min rest btw sets 

 

1RM reassessed 

at 6
th
 week for 

both groups, cuff 

pressure 

reassessed 

every week 

18cm wide, cuff 

equipment type ND, 

≈8mins under 

occlusion, mean 

pressure 71(±9) 

mmHg, 50% of tibial 

maximal arterial 

pressure, continuous 

occlusion 

45 degree 

leg press § 

ND 12 

weeks, 2 

spw 

ND 1RM strength, 

muscle CSA 

Compare 

effects of 

protocols on 

muscle 

strength and 

mass in 

elderly 

individuals 

 

     

 Population Test Training protocol Data analysis and presentation 

First author, 

year, random.  

type and 

protocol 

availability 

N, Gender 

(m/f) 

Mean age 

(SD) or range 

Adherence 

to training 

protocol 

Training 

status 

Dropouts/a

dverse 

events, ITT 

analysis 

Strength test 

method, 

included test 

in bold 

Verbal 

encourag

ement, 

time of 

day   

Blind

ing 

Sets/reps, loading %1RM and 

rest between sets/exercises 

Progressive RM 

scaling and 

retest frequency 

BFR setup: 

Cuff width, equipment 

type, duration and 

mean pressure, 

modus of occlusion 

Exercises 

in BFR/HLT 

protocol  

Nutrition

al 

supplem

entation 

Weeks 

training/ 

sessions 

pr. week 

Loading 

exertion 

ensured 

Outcomes reported 

(primary in bold) 

Described aim 

of study 
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Libardi 

2015 

Randomly 

assigned 

No protocol 

published 

HLT=8 

BFR=10 

Gender 

composition 

ND 

64.7 (4.1) 

 

 

ND Sedentary/ 

irregularly 

active 

according 

to IQPA 

Dropouts 

ND, no 

adverse 

events in 

BFR grp, 

ITT ND 

1RM ND, ND ND HLT=endurance training 40-

50mins @ 60-85% VO2peak, 

70% first 6 weeks 80% last 6 

weeks @ 4x10 sets/reps, 

1min rest btw sets  

 

BFR=endurance training 40-

50mins @ 60-85% VO2peak, 

20% first 6 weeks 30% last 6 

weeks, 30/15/15/15 reps, 

1min rest btw sets 

1RM and VO2peak 

reassessed at 6
th
  

week for both 

groups 

175mm wide, 

standard blood-

pressure cuff, 

occlusion mean time 

ND, mean pressure 

67 (8.0) mmHg, 50% 

of complete occlusion, 

continuous occlusion 

Walking or 

running #, 

Leg press § 

ND 12 

weeks, 2 

spw 

ND Training volume, 

peak oxygen 

uptake, 1-RM 

strength, 

quadriceps CSA 

Investigate 

effect on 

aerobic 

fitness, 

muscle mass 

and 

muscle 

strength 

 

Chaves 

2016 

Randomly and 

proportionally 

divided 

No protocol 

published 

HLT=10 

BFR=10 

f 

Range (18-32) 

 

 

ND Untrained in 

strength 

training 

Dropouts 

ND, 

adverse 

events ND, 

ITT ND 

Isometric 

strength, 

1RM 

ND, ND ND HLT=80% 4x8 set/reps, 2min 

rest btw sets  

 

BFR=20% 30/15/15/15 reps, 

30sec rest btw sets 

 

 

1RM reassessed 

at 2
nd

 week for 

both groups 

100mm wide, Riester 

standard blood 

pressure 

sphyganometer, mean 

pressure left 136 (9.6) 

mmHg right 136 (12.6) 

mmHg, occlusion 

mean time ND, 80% 

of complete occlusion, 

continuous occlusion  

Biceps curl 

(bar and 

plates), 

knee 

extension § 

ND 4 weeks, 

2 spw 

ND Dynamometry for: 

hand-, scapular-, 

lower limb- and 

lumbar strength 

Analyse effect 

on isometric 

strength 

during 

different 

phases of the 

menstrual 

cycle 

Dong-il 

2016 

Randomly 

assigned 

No protocol 

published 

HLT=9 

BFR=7 

f 

52.7 (7.8) 

 

 

ND ND Dropouts 

ND, 

adverse 

events ND, 

ITT ND 

1RM ND, ND ND HLT=70% 3x15 set/reps, rest 

ND  

 

BFR=20% 3x15 set/reps, rest 

ND 

 

 

ND 50mm wide for legs, 

30mm wide for arms, 

SONU KAAP BELT, 

occlusion mean time 

ND, 5% tighter than 

limb circumference, 

continuous occlusion 

Dumbbell 

biceps curl, 

triceps 

extension, 

leg curl, leg 

extension § 

ND 12 

weeks, 3 

spw 

ND Weight, body fat, 

waist-hip ratio, 

growth hormone, 

IGF-1, 1RM for: 

biceps curl, 

triceps extension, 

leg curl & leg 

extension 

Examine the 

effects on 

growth 

hormone, 

insulin-like 

growth factor-

1 and muscle 

strength 

Yasuda 

2016 

Randomly 

divided 

No protocol 

published 

HLT=10 

BFR=10 

f 

range (61-86) 

 

ND Untrained in 

strength 

training 6 

months 

prior to 

study 

Dropouts 

ND, 

adverse 

events ND, 

ITT ND 

Maximal 

voluntary 

isometric 

contraction, 

1RM 

ND, 

measure

ment 

schedule 

described

, ToD 

unclear 

ND HLT=5.6 to 8.4 OMNI-RES 

(corresponds to 70%-

90%1RM for women), 13/13-

12/12 reps, 30sec rest btw 

sets, 90 sec between 

exercises  

 

BFR=5 to 9 OMNI-RES 

30/15/15/15 reps, 30sec rest 

btw sets, 90 sec between 

exercises, 

BFR group used ½ the 

loading of the HLT group 

 

RPE assessed 

every session, 

loading 

reassessed 

accordingly 

50mm wide, KAATSU 

master, mean 

pressure 161(12) 

mmHg, 10-11 min 

BFR duration, 

continuous occlusion 

Elastic 

band 

exercises: 

Bilateral 

squat, knee 

extension 

ND 12 

weeks, 2 

spw 

OMNI-RES Muscle CSA, 

muscle swelling, 

various measures 

of hemodynamic 

and vascular 

function, 

coagulation 

variables, muscle 

damage, elastic 

band elongation, 

RPE/range of 

motion/heartrate 

during training, 

MVIC, 1RM 

Examine the 

effect 

on thigh 

muscle size 

and arterial 

stiffness 
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Cook 

2017, 

Stratified 

randomization, 

No protocol 

published 

HLT=12 

BFR=12 

f/m 

75.6 CI(73.4-

78.5) 

 

 

HLT=95% 

BFR=96% 

ND 

although 

classified 

as “weak”, 

no strength 

training in 

last 6 

months 

1 dropout 

from HLT 

unrelated 

to training, 

2 dropouts 

from BFR 

unrelated 

to training, 

no adverse 

events, ITT 

unclear 

Isokinetic 

strength, 

1RM for leg 

extension, 

leg press 

and leg curl 

ND, ND ND HLT=70% 1RM @ 3 sets to 

failure, 1min rest btw sets, 

3min btw exercises 

 

BFR=30% 1RM on leg curl 

and extension 50% 1RM on 

leg press, 1min rest btw sets, 

3min btw exercises 

 

Both protocols had 1 set first 

week, 2 sets second and 3 

sets third and onward 

Loading 

progressed 

when >15 reps 

for HLT or >30 

for BFR were 

achieved in 2 or 

more sets on a 

given training 

session 

6cm wide pneumatic 

tourniquet cuff, 

occlusion mean time 

5min per set, mean 

pressure 184 ±25 

mmHg, 1.5 times 

brachial systolic 

pressure, continuous 

occlusion with breaks 

between exercises 

Leg press, 

leg 

extension, 

leg curl 

ND 12 

weeks, 2 

spw 

ND, training 

to failure 

1-RM strength, 

quadriceps CSA, 

400m walk speed, 

QOL, Short 

Physical 

Performance 

Battery 

Compare 

muscle 

strength, 

CSA, physical 

function and 

QOL 

Sousa 

2017 

Randomized  

No protocol 

published 

HLT=11 

BFR=10 

m/f 

range (18-30) 

 

 

Everyone 

included 

attended at 

least 2 

consecutive 

training 

sessions 

pr. week 

Untrained in 

strength 

training 6 

months 

prior to 

study 

43 

excluded, 3 

had “injury 

or illness” – 

unclear 

whether 

related to 

interventio

ns, ITT ND 

Isometric 

torque, 

1RM 

ND, ND ND HLT=80% 4 sets till concentric 

failure, 2min rest btw sets 

 

BFR=30% 4 sets till 

concentric failure, 30sec rest 

btw sets 

 

2
nd

, 4
th
 and 6

th
 

week 

reassessed for 

both groups 

180mm wide, 

specially adapted 

sphygmomanometer, 

mean pressure 141.56 

(12.19) mmHg, 80% 

of total BFR pressure 

in resting state, 

continuous occlusion 

Unilateral 

knee 

extension 

(dominant 

leg) 

ND 6 weeks, 

2 spw 

ND, training 

to failure 

Training volume, 

isometric torque, 

root mean square 

muscle EMG, 

median frequency 

(EMG), local 

muscular 

endurance, 1RM 

Analyse 

effects on 

torque, 

muscle 

activation, and 

LME on knee 

extensors 

Sugiarto  

2017, 

Randomly 

divided, 

No protocol 

published 

HLT=6 

BFR=6 

m 

range (26-45) 

 

 

ND ND, >8 

months of 

no strength 

training 

prior to 

study 

Dropouts 

ND, 

adverse 

events ND, 

ITT ND 

Isokinetic 

strength 60
 

o
/s,120

 

o
/s,180 

o
/s 

ND, ND ND HLT=70% @ 3x12 sets/reps, 

2min rest btw sets 

  

BFR=30% @ 30/15/15/15 

reps, 30sec rest btw sets 

 

ND 12cm wide, “adult 

sphygmomanometer 

cuff”, duration ND, 

mean pressure ND, 

50mmHg pressure, 

continuous occlusion 

Biceps curl ND 5 weeks, 

2 spw 

ND Isokinetic 

strength, biceps 

circumference 

Compare 

increase in 

muscle 

strength and 

hypertrophy 

  

 

               

     

 Population Test Training protocol Data analysis and presentation 

First author, 

year, random.  

type and 

protocol 

availability 

N, Gender 

(m/f) 

Mean age 

(SD) or range 

Adherence 

to training 

protocol 

Training 

status 

Dropouts/a

dverse 

events, ITT 

analysis 

Strength test 

method, 

included test 

in bold 

Verbal 

encourag

ement, 

time of 

day   

Blind

ing 

Sets/reps, loading %1RM and 

rest between sets/exercises 

Progressive RM 

scaling and 

retest frequency 

BFR setup: 

Cuff width, equipment 

type, duration and 

mean pressure, 

modus of occlusion 

Exercises 

in BFR/HLT 

protocol  

Nutrition

al 

supplem

entation 

Weeks 

training/ 

sessions 

pr. week 

Loading 

exertion 

ensured 

Outcomes reported 

(primary in bold) 

Described aim 

of study 

Cook 2018, 

Stratified 

randomization, 

No protocol 

published 

HLT=6 

BFR=6 

f/m 

range 18-22 

ND Moderately 

active 

according 

to LR-

CPAQ 

Dropouts 

ND, 

adverse 

events ND, 

ITT ND 

Isometric 

strength, 

1RM for leg 

extension 

and leg 

press  

ND, ND ND HLT=70% @ 3 sets to failure, 

1min rest btw sets 

  

BFR=30% @ 3 sets to failure, 

30sec rest btw sets 

 

Progressive 

overload 

achieved with 

increasing reps 

to failure 

5.4cm wide pneumatic 

tourniquet cuff, 180-

200 mmHg, 

continuous occlusion 

with breaks between 

exercises 

Leg 

extension, 

leg press 

ND 6 weeks, 

3 spw 

ND, training 

to failure 

Isometric strength, 

evoked force, 

central activation, 

quadriceps muscle 

volume, 1-RM 

strength   

Compare 

central and 

peripheral 

neuromuscula

r adaptations 

and cross-

sectional A
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area 

Letieri 2018, 

Randomly 

divided, 

Protocol 

published 

HLT=11 

BFR=11 

f 

≈68.1  

 

HLT=77%  

BFR=85% 

Untrained in 

strength 

training 6 

months 

prior to 

study 

No dropout 

from HLT, 

2 dropouts 

from BFR 

unrelated 

to training, 

no adverse 

events, ITT 

no 

Isokinetic 

concentric 

strength 60 

o
/s 

ND, ND Asse

ssor 

was 

blind

ed to 

grp 

and 

time 

HLT=70-80% @ 3-4x6-8 

sets/reps, 1min rest btw sets, 

90sec btw exercises 

  

BFR=20-30% @ Week 1-2 

3x15 sets/reps and week 3-16 

weeks 4x15 sets/reps, 30sec 

rest btw sets, 90sec btw 

exercises 

Load reassessed 

every two weeks 

for both groups 

Cuff width and cuff 

type ND, 105.5±6.5 

mmHg, continuous 

occlusion with breaks 

between exercises 

Squat, Leg 

Press, 

Knee 

Extension 

and Leg 

Curl 

ND 16 

weeks, 3 

spw 

OMNI-RES Isokinetic 

concentric strength 

60 
o
/s 

Compare 

muscle 

strength levels 

Ramis 2018, 

Randomly 

divided, 

No protocol 

published 

HLT=13 

BFR=15 

f 

≈24  

 

ND Physical 

active, 

untrained in 

strength 

training 3 

months 

prior to 

study 

2 dropouts 

from HLT 

unrelated 

to training, 

NO drop 

outs from 

BFR, no 

adverse 

events, ITT 

no 

Isokinetic 60 

o
/s, 

isometric 

and 1-RM 

strength  

ND, ND ND HLT=80% @ 4x8 sets/reps, 

2min rest btw sets, btw 

exercises ND 

  

BFR=30% @ 4 sets/ reps 

matched to HLT volume, 2min 

rest btw sets, 3min btw 

exercises 

ND Lower/upper 14/16cm 

wide pneumatic 

tourniquet cuff, upper 

extremity 20 mmHg 

below systolic BP / 

lower extremity +40 

mmHg upper 

extremity pressure, 

continuous/partial 

occlusion ND 

Elbow 

flexion and 

knee 

extension 

ND 8 weeks, 

3 spw 

ND Isokinetic 

concentric 60 
o
/s, 

isometric and 1-RM 

strength, maximal 

neural activation 

(EMG), muscle 

thickness (US), 

FMD and plasma 

nitrite  

Compare 

neuromuscula

r adaptations, 

morphological 

and 

endothelial 

functions 

 

Table 1 - Overview of study characteristics. ND = not described. HLT = high load/intensity training. BFR = blood flow restriction training. ITT = intention to treat analysis. 1RM = 1 repetition 

maximum. * Population had varying degrees of experience with training, additionally some were active with running/jogging. # Additional non-BFR exercises in both protocol groups for participant 

motivation. § = training and testing was performed in the same equipment. All values with ≈ are estimated by reviewer (I.e. not reported explicitly).  
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First author and publication year % change of means in HLT group % change of means in BFR group 

Karabulut, 2010 1RM knee extension 31.2% * +  

1RM leg press 20.4% + 

1RM knee extension 19.1% * +  

1RM leg press 19.3% + 

Clark, 2011 Isometric torque knee extension 13% + Isometric torque knee extension 8% + 

Yasuda, 2011 Isometric elbow extension MVC 11.3% + 

1RM bench press 19.9% * + 

Isometric elbow extension MVC -0.2%  

1RM bench press 8.7% + 

Laurentino, 2012 1RM knee extension 36.2% + 1RM knee extension 40.1% + 

Martin-Hernandez, 2013 Isokinetic knee extension peak torque at 60o/s 6.5% + 

Isokinetic knee extension peak torque at 180o/s 7.7% + 

1RM knee extension 18.86% + 

Isokinetic knee extension peak torque at 60o/s 4.6% + 

Isokinetic knee extension peak torque at 180o/s 6.2% +  

1RM knee extension 7.03% + 

Vechin, 2014 1RM leg press 54% § + 1RM leg press 17% § 

Libardi, 2015 1RM leg press 38.1% + 1RM leg press 35.4% + 

Chaves, 2016 Isometric leg press MVC 10.3% 

Isometric hand grip left/right MVC 6.3% + / 10.8% + 

Isometric lumbar extension MVC 14.6% + 

Isometric scapular retraction MVC 17.8% + 

Isometric leg press MVC 5.9%  

Isometric hand strength left/right MVC 0% / 5.8% 

Isometric lumbar extension MVC 11.4% + 

Isometric scapular retraction MVC 10.9% 

Dong-Il, 2016 1RM knee extension 5.8% + 

1RM knee curl 9.9% + 

1RM triceps extension 11.8% + 

1RM biceps curl 11.5% + 

1RM knee extension 7.1% + 

1RM knee curl 11.8% + 

1RM triceps extension 9.6% + 

1RM biceps curl 11.3% + 

Yasuda, 2016 Isometric knee extension MVC 9.79%  

1RM knee extension 4.19%  

1RM leg press 17.6% + 

Isometric knee extension MVC 13.7% + 

1RM knee extension 7.6% 

1RM leg press 16.4% + 

Cook, 2017 Isometric knee extension MVC 18.2% * +  

1RM knee extension 55% +  

1RM knee flexion 31.9% +  

1RM leg press 29% +  

Isometric knee extension MVC 9.9% * +  

1RM knee extension 26% +  

1RM knee flexion 19.3% +  

1RM leg press 15.9% +  

Sugiarto, 2017 Isokinetic elbow flexion peak torque at 60o/s 27.3% * +  

Isokinetic elbow flexion peak torque at 120o/s 32.6% 

Isokinetic elbow flexion peak torque at 180o/s 34.4% 

Isokinetic elbow flexion peak torque at 60o/s 47.6% * +  

Isokinetic elbow flexion peak torque at 120o/s 84.3% + 

Isokinetic elbow flexion peak torque at 180o/s 69.9% + 

Sousa, 2017 Isometric torque knee extension 43% § + Isometric torque knee extension 22.7% § + 

Cook, 2018 Isometric knee extensor strength 17.2% 

1RM leg extension 34.1% + 

1RM leg press 34.0% * + 

Isometric knee extensor strength -2.2%  

1RM leg extension 12.9% + 

1RM leg press 13.0% * + 

Letieri, 2018 

 

Isokinetic knee extensor concentric strength 60 o/s 

26.5% § + 

Isokinetic knee flexor concentric strength 60 o/s 35.0 § + 

Isokinetic knee extensor concentric strength 60 o/s 

15.8% § 

Isokinetic knee flexor concentric strength 60 o/s 22.8 § + A
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Ramis, 2018 

 

Isometric knee extensor strength 18.2% +     

Isometric elbow flexor strength 16.9% + * 

Isokinetic knee extensor concentric strength 60 o/s 21.5% + * 

Isokinetic elbow flexor concentric strength 60 o/s 11.4% + 

Isometric knee extensor strength 9.0% +    

Isometric elbow flexor strength 5.6% + *    

Isokinetic knee extensor concentric strength 60 o/s 10.5% + * 

Isokinetic elbow flexor concentric strength 60 o/s 9.9% +    

 

Table 2 - Description of percentage changes in maximal muscle strength across included studies. Bold text indicates the 

test/values included in Figure 2. * = statistically significant between group difference (HLT vs. BFR). § = between group 

comparison (HLT vs. BFR) was not addressed in the study. + = statistically significant within group difference (pre vs. post). 

HLT = high-load training, BFR = blood-flow restriction, 1RM = one repetition maximum, MVIC=maximal voluntary isometric 

contraction. 
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 Method Group Quadriceps Triceps Pectoralis major 

Karabulut, 2010 No data 
    

    

Clark, 2011 No data 
    

    

Yasuda, 2011 MRI / CSA 
HLT  8.6 + * 17.6 + * 

BFR  4.4 + 8.3 + 

Laurentino, 2012 MRI / CSA 
HLT 6.1 +   

BFR 6.3 +   

Martin-Hernandez, 2013 US/MT 
HLT RF 10.1% +, VL 12.4% +   

BFR RF 10.1% +, VL 12.9% +   

Vechin, 2014 MRI / CSA 
HLT 7.9 +   

BFR 6.6 +   

Libardi, 2015 MRI / CSA 
HLT 7.3 +   

BFR 7.6 +   

Chaves, 2016 No data 
    

    

Dong-il, 2016 No data 
    

    

Yasuda, 2016 MRI/CSA 
HLT 1.5   

BFR 6.9 +   

Cook, 2017 MRI / CSA 
HLT 7.2 +   

BFR 7.8 +   

Sousa, 2017 No data 

 

Sugiarto, 2017 Circumference  
HLT  5.6 +  

BFR  5.5 +  

Cook, 2018 MRI / Volume 
HLT 5.6 + *   

BFR 2.5 +   

Letieri, 2018 No data 
    

    

Ramis, 2018 US / MT 
HLT 3.6 +   

BFR 3.2 +   

 

Table 3 - Percentage changes in muscle cross sectional area (CSA) or muscle thickness (MT) measured with either 

circumference measurement, magnetic resonance imaging (MRI) or ultrasonography (US). All data represented as percentage 

change from baseline. * = statistically significant between group difference (HLT vs. BFR), + = statistically significant within 

group difference (pre vs. post). RF = M. Rectus Femoris, VL = M. Vastus Lateralis.  
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