Blood Flow Restriction (BFR): evidence map, protocols and decision
points
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resistance protocols occlusion pressure structure frequency load training
Best use Not a replacement Key safety rule

Sources: Patterson 2019; Lixandrao 2018; Centner 2019; Yang 2024; Ma 2024; Alamri 2025.



Protocol dashboard

A compact reference slide for describina how BFR is normally proarammed in research.

Variable Resistance BFR Aerobic BFR Video takeaway

Load / intensity 20-40% 1RM <50% VO2max or HRR Low load is the point.

Pressure 40-80% AOP/LOP 40-80% AOP/LOP Individualize pressure.

Volume 2-4 sets; often 75 reps 5-20 min walking/cycling Short restriction windows.

Rest 30-60 s continuous or intervals Metabolic stress depends on short rests.
Frequency 2-3x/week chronic; sometimes daily short blocks 2-3x/week chronic Context decides dose.

Patterson et al. 2019 position stand.



Outcome signal map from meta-analyses

Selected reported BFR outcomes
Eff

Athletes: 1RM SMD

Athletes: CMJ SMD

Athletes: Sprint SMD

Athletes: VO2max SMD

Athletes: CSA SMD

Older: strength ES

Older: mass ES

1.82

Yang 2024; Centner 2019. ES/SMD values are shown as reported signal markers, not a pooled common scale.

Yang et al. 2024 athlete meta-analysis; Centner et al. 2019 older adults meta-analysis.
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BFR compared with low-load and high-load resistance training

Use this slide to avoid the common overclaim that BFR is simply “better than heavy training.”

Comparison Hypertrophy
LL-BFR vs LL-RT BFR usually superior
LL-BFR vs HL-RT often comparable
BFR + sport training can add size/signal
BFR rehab reduces atrophy risk

Lixandrao 2018; Hughes 2017; Ma 2024; de Queiros 2025.

Max strength

BFR usually superior

HL usually superior

may add strength/power

bridge to loading

Interpretation

Clear use case: add stimulus without heavy load.

Hypertrophy can be similar; maximal strength remains load-specific.
Accessory tool; not a substitute for sport practice.

Most practical when high load is not allowed.



Pressure is the dose: prescribe %A0P, not “one mmHg for everyone”

Cuff width, limb size, material and blood pressure change the real occlusion stimulus.

Recommended training zone

0% AOP 40% AOP 50% AOP 80% AOP 100% AOP

Low pressure Target zone Near full occlusion

Patterson et al. 2019: pressure should be individualized to arterial occlusion pressure. 5



Safety and screening matrix

BFR is usually tolerated in studied populations, but “studied” does not mean risk-free.

Risk domain What to show Practical interpretation

VTE / clot risk Trials do not show a simple large thrombosis signal, but evidence cannot exclude risk in high-risk Screen for VTE history, surgery, cardiovascular disease, medications and red flags.
individuals.

Nerve symptoms Numbness, tingling or sharp pain can indicate excessive pressure or poor cuff placement. Stop, reassess pressure and cuff.

Post-op context Post-operative patients have higher baseline risk and lower tissue tolerance. Use only inside a rehab plan with medical clearance.

Dose errors Fixed mmHg and long restriction times create inconsistent exposure. Use %AO0OP and short restriction windows.

Minniti 2020; Bond 2019; Patterson 2019; Alamri 2025.
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Use-case matrix

Where BFR makes the most sense and where it is easy to overstate.

Use case

Early rehab / deload
Hypertrophy accessory work
Older adults / sarcopenia risk
Athletes in-season

Endurance+BFR

Centner 2019; Wortman 2021; Yang 2024; Dong 2025.

Value

High muscle stimulus at low mechanical load
Volume with reduced joint stress

Can pair with low-load RT or walking

Adds stimulus with lower tissue cost

VO2max/strength signal in some meta-analyses

Main limitation

Requires screening and careful pressure control

Not superior to well-designed heavy training for strength
Medical heterogeneity and tolerance

Sport performance transfer is not guaranteed

Anaerobic and sport-specific effects often smaller



Talk-track: precise claims

Short, defensible lines for the video.

o BFR is strongest when compared with matched low-load training without BFR.

o For hypertrophy, BFR can approach high-load resistance training; for maximal strength, heavy loading usually has the edge.

o Pressure is the dose: use individual %AOP/LOP rather than fixed mmHg.

o BFR s a bridge to loading in rehab, not an excuse to avoid progressive heavy work forever.

o Safety is mostly about screening, pressure control, symptoms and time under restriction.

Narration slide based on the preceding evidence map.



References

( Source Main contribution

Patterson et al. 2019 Position stand: BFR methodology, application, safety; 20-40% 1RM; 40-80% AOP; 30-15-15-15; 30-60 s rest.

Lixandrao et al. 2018 Meta-analysis: high-load RT superior for strength, but hypertrophy with low-load BFR comparable to high-load RT.

Hughes et al. 2017 Clinical musculoskeletal rehabilitation meta-analysis: BFR useful when high loads are not tolerated.

Centner et al. 2019 Older adults meta-analysis: LL-BFR and walking+BFR improve strength and muscle mass; strength often lower than high-load RT.
Minniti et al. 2020 Safety systematic review in MSK disorders; generally tolerated but adverse-event reporting and screening matter.

Wortman et al. 2021 Athlete systematic review: improvements in strength, size and some sport-performance markers.

Ma et al. 2024 Meta-analysis in young adults: BFR+RT comparable to traditional RT; suggested 2-3x/week, 20-40% 1RM, 50-80% AOP.

Yang et al. 2024 Athlete meta-analysis: positive SMDs for 1RM, CMJ, sprint, VO2max, CSA and thickness.

Colombo et al. 2024 ACLR systematic review: signal for strength/size/PROMs but evidence inconsistent and needs larger replication.

Alamri et al. 2025 Post-operative orthopedic RCT meta-analysis: typical 40-80% AOP, 20-30% 1RM, 2-12 weeks, 2-3x/week.

de Queiros et al. 2025 Overview of reviews in older people: hypertrophy comparable to high-load RT and superior to low-load no-BFR; strength mixed.
Dong et al. 2025 Endurance+BFR meta-analysis: lower-limb strength and VO2max can improve; anaerobic/sport-specific effects smaller.

End of BFR visual data deck.



