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Objectives

▪Understand basics of BFRT: what is it – how do you 
do it

▪Explore the literature on the safety and efficacy  of 
BFRT

▪Highlight the concerns and contraindications

▪Explore which of our patients this may be of benefit 
for



basics

▪Skeletal muscle is constantly adapting

▪Atrophy is common

▪Traditionally need greater than 70% 1RM to stimulate and build 
muscle – many time our patients can’t achieve this
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Basis of  Exercise measurement :
One Repetition Maximum (1RM)

▪Defined as the maximum amount of weight that a 
person can possibly lift for one repetition

▪maximum amount of force that can be generated in one 
maximal contraction

▪can either be calculated directly using maximal testing 
or indirectly using submaximal estimation

▪The submaximal estimation method is preferred as it is 
safer, quicker, and less unnerving for inexperienced 
exercisers
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Rep Max (1 RM)

▪There are many Formulas

▪Epley Formula

▪Brzycki Formula
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Suggested goals

▪50% 1RM : Explosive power

▪70% 1RM :  Endurance

▪80% 1RM :  Muscle toning

▪90% 1RM : Power

▪95% 1RM : Strength
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Typical Exercise RX for Strength and 
Hypertrophy

▪Based on Good form to failure

▪Measured by Rep Max (1RM)

OR



Typical Exercise RX for Strength and 
Hypertrophy

▪ 65%-105% 1RM

▪Microtearing

▪ Loaded Tissue Damage

▪ Increased chance injury

▪Higher loading forces

▪ Intense local Inflammatory 
responses



Alternative:
Blood Flow Restriction Training (BFR)

• 20-40% 1RM

• LESS MECHANICAL DAMAGE

• DECREASED LOADING

FORCES

• LARGER BIOCHEMICAL

RESPONSE



BFR origins

▪was originally developed in Japan in the late 1970s: Was termed 
KAATSU training/sometimes call occlusion training

▪Recent surge of interest - 2000 publications since 2015

▪ combines metabolic and mechanical stress to stimulate muscle 
strength, hypertrophy, and angiogenesis.

▪Now mainstream and heavily marketed in the exercise industry.
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BFR marketing



basics

▪Metabolic stress occurs through vascular occlusion with the use 
of a tourniquet on the proximal upper or lower extremity. This 
occludes venous outflow while maintaining arterial inflow, creating 
a hypoxic environment, which drives anaerobic metabolism

▪Mechanical stress occurs through low-load resistance exercise, 
with loads as low as 20% of 1RM
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basics

▪ In our world this is attractive for rehabilitation of 

• injured and postoperative

• the elderly

• Any unable to tolerate high-resistance training routines.

▪Maybe helpful for athletic performance training

▪ adjunct to traditional training routines to decrease 
musculoskeletal stress on the athlete.
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evidence

▪ J Am Acad Orthop Surg 2020;28:e493-
e500 ; DOI: 10.5435/JAAOS-D-19-00347
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evidence

▪Hughes L, Paton B, Rosenblatt B, GissaneC, Patterson SD: 
Blood flow restrictiontraining in clinical 
musculoskeletalrehabilitation: A systematic review and meta-
analysis. Br J Sports Med 2017;51:1003-1011.

▪Twenty studies, pooled data

▪Compared low load training with low load training and BFR

▪Moderate effect on increasing strength, less effective than heavy 
load training
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evidence
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• Level 2 study

• Highlights the heterogeneity of  the studies

• Concludes the benefits are still there in the older than 50 year old 

age group



Meta-Analysis (Arriaga and Koch 2018, UCSF) 

The Effectiveness of  BFR in Attenuating Muscle Atrophy and Increasing Strength 
Following Knee Surgery 

• BFR protocol + standard rehabilitation attenuates 
quadriceps atrophy & strength compared to standard 
rehabilitation alone 

• BFR may positively impact hamstring strength, but not 
statistically significant

Findings for knee strength and CSA

• No serious adverse effects reported

• Proper training and equipment is required $$$

• Specific protocol & BFR parameters unclear

Other Considerations



Rehab: Why and who

Clinical applications and rehab:

• Post surgical atrophy

• Strength gains

• Aerobic capacity

• Ischemic Preconditioning

• Bone health 

‒ (Raschke 2007- 26% faster bone healing after Fx)

▪Populations:

• Ages 10 – geriatric

• Ortho, Sports, neurologic 









Application

In standard protocol:

▪ compression devices apply a pressure 
high enough to occlude up to 80% LE of 
Arterial Occlusion pressure (AOP) to the 
muscle 



AOP

▪The optimal percentage of AOP is controversial

▪Similar effects on muscle development were 
obtained at 40% of AOP compared with 90% at 8 
weeks

Counts BR, Dankel SJ, Barnett BE, et al: Influence of  relative blood flow restriction pressure on muscle 

activation and muscle adaptation. Muscle Nerve 2016;53: 438-445.



Choices:  marketing and Market

▪Delphi

▪Smartcuffs

• Pump vs auto Pro

▪Katsu

▪Rockcuff

▪AirBands

▪B-strong, Edge, H+, Fitcuff…

▪ All the other straps and bands



Application

▪There are two options of restriction cuff: 

• Individualized BFRT

• Practical BFRT
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How:  Calibrating and assessing

BFR optimization

• Assessing 100% limb arterial occlusion

• Calculate % desired from that number

(Scott et al 2014)



How: Likely Mechanism

▪ It is really REALLY tough = Max 
motor firing recruitment

▪ “Altitude training for your 
muscles”

• BURN



How: Proposed Mechanisms

▪Mechanism not fully clear 

▪Combination of mechanical and metabolic stress

▪Act together to signal secondary mechanisms: 
tissue hypoxia, build-up of metabolites,and cellular 
swelling

▪promotes autocrine and paracrine signaling 
pathways that lead to protein synthesis, type 2 
muscle fiber recruitment, local and systemic 
anabolic hormone synthesis, and stimulation of 
myogenic stem cells

Pearson SJ, Hussain SR: A review on the

mechanisms of blood-flow restriction

resistance training-induced muscle

hypertrophy. Sports Med 2015;45:



How:



How:



RISKS: DVT 

▪Risk of Serious 
Adverse Events

▪Nakajima Study: 
13,000 patients

Less than 0.1% 

occurrence
Nakajima T, Kurano M, Iida H, et al: Use

and safety of  KAATSU training: Results

of  a national survey. Int J KAATSU Train

Res 2006;2:5-13.



DVT risk

▪No elevation of fibrinogen or D-dimer

▪May actually stimulate the fibrinolytic system ! 
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Patterson SD, Brandner CR: The role

of  blood flow restriction training for

applied practitioners: A questionnairebased

survey. J Sports Sci 2018;36:

123-130.



Additional Adverse 

Events

• Subcutaneous hemorrhage: 13%

• Numbness: 1.3%

• Lightheadedness: 0.3%

(Nakijima et al 2006)  Arriaga 2018

Nakajima T, Kurano M, Iida H, et al: Use

and safety of  KAATSU training: Results

of  a national survey. Int J KAATSU Train

Res 2006;2:5-13.



Exercise Pressor Reflex: EPR

▪Normal response to exercise, with elevated metabolites such as 
lactate and hydrogen ions and sympathetic activity

▪BFR causes an exaggerated EPR

▪ potential to cause adverse cardiac events including arrhythmias, 
stroke, myocardial infarction, or sudden cardiac death

▪Exercise caution in patients with underlying cardiovascular 
morbidity
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Other concerns

▪Venous hypertension leading to damage of the valves and 
venous insufficiency

▪Muscle damage and Rhabdomyolysis

▪ potential to cause adverse cardiac events including arrhythmias, 
stroke, myocardial infarction, or sudden cardiac death

▪Exercise caution in patients with underlying cardiovascular 
morbidity
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Contraindications:

▪ poor circulatory flow to extremity

• shinny or scaly skin; brittle, dry nails; and extremity hair loss. 

• Consider capillary filling time – nail beds

▪ clotting issues – platelet count, thrombocytopenia

▪ Diabetes 

▪ Sickle cell trait 

▪ Hypertension 

▪ Cardiopulmonary conditions, blood thinners

▪ Atherosclerotic vessels 

▪ obese or with limb tissue that is loose

• Sliding of the cuff

▪ Pinching of skin 

• Protect with sleeve between skin and cuff

• Most proximal position possible



Contraindications:
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Contraindications/Caution:
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▪Significant cardiovascular disease

▪Open wounds/significant soft tissue damage

▪Venous insufficiency

▪Pregnancy

▪History of VTE. or strong family history of VTE

▪Active Cancer



Other considerations

▪ Higher intensity resistance training is still the 
best for BOTH strength gains and CSA

▪ BFR doesn't’t always have to be 80% for LE

(Lixandrão 2015)



Future research in BFR:



Future research: Aerobic capacity

▪Aerobic losses after injury are 
sometimes the biggest hurdle to 
overcome with lack of fitness

▪New research looking at 
changes in VO2 max and stroke 
volume

• Sometimes in a little as 2 
weeks

Sprick 2017, Abe 2010, Miguel 2018



Future research: Tendon Health

▪Achilles tendon cross sectional 
area and Mechanical stiffness 
(tensile strength) improved over a 
14 week period of LL-BFR 

Centner 2019



Future research in BFR:

▪ Limb occlusion assessments in the position of 
the exercise   (Hughs 2018, Sieljacks 2018)

▪Adjunct to typical workout regiments and 
standardized frequency and dosage: 
Performance and recovery

▪Multimodal with other modalities in combo

• Biofeedback, neuromuscular stim,   Myofascial 
Decompression



Summary

▪Consider  BFR for your patients:

• Elderly

• Post-op

• Athletes
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Thank you !

Nicholas Colyvas MD

Clinical Professor

Orthopaedic Surgery

Sports Medicine
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