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OBJECTIVES

• Blood Flow Restriction (BFR) as a valuable clinical tool to enhance rehabilitation 

• Clinical implications of post-surgical atrophy

• Traditional rehabilitation limitations 

• Broadening application and research of BFR training

• HOW THIS CAN AFFECT YOUR PATIENTS AND OUTCOMES



BLOOD FLOW RESTRICTION TRAINING

ESPN / Owens Recovery Science 



BFR CASE STUDY

• 45-year-old Active Duty male
• Awaiting surgery for R hip labral tear and FAI
• Previously training at a high level

• 8-week lower body BFR training program
• 3.6% ↑ in lower body lean muscle mass

8 WEEK POST- BFR PROGRAM

INITIAL



BFR CASE STUDY

• 7 months post-op patient has returned to full duty
• Resumed all lower body strength training
• Set personal record for dead-lift at 11 months post-op

1 YEAR POST-SURGICAL



BLOOD FLOW RESTRICTION ORIGINS

Department of Defense / Sato, 2005 / Abe, et al. 2004 

• Popularized in Japan in 1966 (KAATSU training)
• Research showed promising results 

• Increased Muscle CSA (8.5%) & Strength
• Increased IGF-I (24%) 
• Limited muscle damage (CK measures)

• First use in the United States by DoD (2011)
• Transitioned from DoD to professional sports
• Over 800 articles published thus far



CLINICAL PROBLEM: ACL REPAIR

• 250,000 ACL tears annually in the United States
• Quad atrophy correlated to outcomes and functional tests
• Cellular alterations 

• Fatty and/or fibrotic infiltration
• Persistent decrease in type IIA muscle fibers 
• ↓ satellite cells
• ↑ extracellular matrix
• ↑ MURF-1 and Myostatin 

• 20-40% decrease in quad strength AT TIME OF 
RETURN TO ACTIVITY

Buckthorpe, et al. 2019 / Gupta, et al. 2020 /ESPN

NEED FOR EARLY REHABILITATIVE INTERVENTION 



CLINICAL PROBLEM: ACL REPAIR

Buckthorpe, et al. 2019 / Gupta, et al. 2020

• Decreased Quad (extensor) Strength implications:
• Decreased quad/thigh CSA = early OA
• ↓ quad/HS strength = ↑ anterior tibial translation

• 3x greater risk of re-injury if <90% LSI

• Only 29-57% of athletes reach 90% by medical 
discharge

BOTTOM LINE:  WE NEED TO DO BETTER IN RESTORING FUNCTION FOLLOWING ACLR



CLINICAL PROBLEM: OSTEOARTHRITIS

Ferlito, et al. 2020 /  Pitsillides, et al. 2021/Pinterest

• Lower extremity weakness in OA patients
• ↓ lean tissue in women with OA
• ↓ proprioception
• ↑ fall risk
• Negative feedback loop of pain and disuse weakness
• ↓ function and quality of life

• Tradition rehab lacking adequate loading strategies
• Resulting in ↓ hypertrophy and strength gains

BOTTOM LINE:   NEED TO IMPROVE STRENGTH IN ELDERLY OSTEOARTHRITIC POPULATION



COMMON THEMES OF LOWER EXTREMITY REHAB DEFICIENCIES

Reddit Images 

• Muscular changes are occurring before rehabilitation begins
• Strength deficits resulting in functional limitations
• Inability to effectively load due to injury/pain
• Persistent negative feedback loop of pain and weakness
• Routine discharge from rehab despite limitations

WE NEED AN IMPROVED STRATEGY FOR STRENGTHENING 
LOW FUNCTIONING PATIENT POPULATIONS



REHABILITATION PHASES INCORPORATING BFR 

LinkedIn_Austin Mayo 

• Muscle Sparing / Reducing Atrophy
• Generally the first 2 weeks following surgery
• Dependent on procedure and rehab guidelines
• GOAL TO REDUCE ATROPHY & STRENGTH LOSS

• Strength Training with Low-Load BFR
• Two weeks through return to high load (HL) training
• Low-load BFR strength and aerobic training

• HL Strength Training / Sport Specific Training
• BFR as an adjunct to training 
• BFR as a means of active recovery



CLINICAL PROBLEM:  ANABOLIC RESISTANCE WITH IMMOBILIZATION

Kilroe, et al. 2020 / Kilroe, et al. 2021 / Wall, et al. 2013

• Day 2 - Quad CSA ↓ 2.6%
• Worsens 0.8% a day on MRI

• ↓ 7.2% by day 7 

• Day 3 – Myofibrillar Protein Synthesis ↓ 30%
• ↓ 44% myofibrillar protein synthesis (MPS) by day 7

• Day 14 – Significant ↓ in quad CSA, strength, and MPS
• ↓ 8.4% quad CSA
• ↓ 23% knee extensor strength 
• ↓ 31% MPS rates



MUSCLE SPARING PHASE WITH BLOOD FLOW RESTRICTION

Kakehi, et al. 2020

• Study Design
• 14 day cast immobilization
• CSA via MRI at day 0 and 14

• Control Group
• No intervention

• BFR Group
• BID 5 sets of BFR at 5’ inflate / 

3’ deflate
• Inflation to 200mmHg 

DECREASED ATROPHY IN BFR GROUP 



TRADITIONAL STRENGTH TRAINING GUIDELINES

ASCM Position Stand, 2009/Medium.com

• Strength Training 
• 60-70% of 1RM for 8-12 repetitions for novice/intermediate 
• 80-100% of 1 RM for 1-6 repetitions for advanced

• Training for Hypertrophy
• 70-85% of 1RM for 8-12 repetitions sets for novice/intermediate
• 70-100% of 1 RM for 1-12 repetitions for advanced

• Caveat – Low loads performed to failure

American College of Sports Medicine (ACSM) Guidelines:



BFR TRAINING GUIDELINES FOR LOW-LOAD STRENGTHENING

Minniti, et al. 2019/ Owens Recovery Science

• Partial arterial occlusion and complete venous occlusion
• 60-80% arterial occlusion for lower extremity
• 50% arterial  occlusion for upper extremity

• Intensity and Frequency
• 20-30% of 1RM performed for 1-4 sets 
• Up to 7 times a week

• Duration
• Inflated through all sets 
• 5-10 minutes of inflation per exercise



WHAT IS BLOOD FLOW RESTRICTION DOING?

Scott, et al. 2015 . Vopat et al. 2020

• Induces metabolic stress
• Drives anaerobic metabolism resulting in:

• Tissue hypoxia
• Metabolite build-up
• Cellular swelling 

• This in turn leads to:
• ↑ Protein synthesis, IGH-F, Satellite cells, growth hormone
• ↑  Type 2 muscle fiber recruitment 
• ↑ VEGF 
• Decreased myostatin & MURF-1



LOW-LOAD BFR VS HIGH-LOAD TRAINING

Gronfeldt, et al. 2020

CONCLUSIONS:  
LL-BFR and high-load strength training appear 
equally effective in producing gains in maximal 

muscle strength in healthy adults

• Most Recent Meta-Analysis
• 16 studies
• 310 subjects
• More stringent inclusion criteria
• Effect size of < 0.2 which equates to “Less than Small” 



LOW-LOAD BFR VS LOW-LOAD TRAINING

Hughes, et al. 2017 / Slysz, et al. 2016

Multiple meta-analyses conclude low-load BFR is superior to low-load exercise

With the addition of BFR to low-load exercise 
69% of patients will experience greater strength 

gains

“Provides meta-analytic evidence of greater 
increases in muscle size and strength when 

exercise is combined with BFR, compared with 
low load exercise alone.”



BFR IN ACL REPAIR REHABILITATION 

Systematic Reviews/Meta-Analyses of BFR and ACLR Rehabilitation

1. Wengle, et al. 2021 Meta-Analysis
1. Differing methodologies and protocols
2. Significant quad atrophy reduction (EF 1.26)
3. ↑ strength in BFR vs LL groups

2. Lu, et al. 2020 Systematic Review
1. Heterogeneity of research is a limitation
2. Post-Operative “significant benefits in hypertrophy, strength, and subjective outcomes” over LL 

training

Lu, et al. 2020   / Wengle, et al. 2021 



BFR IN ACL REPAIR REHABILITATION 

UK National Health Service Post-Operative ACL RCT
• No difference in strength, hypertrophy, and muscle morphology
• ↓ pain and effusion in the LL-BFR group compared to HL group
• ↑ ROM improvements in LL-BFR
• ↑ scoring on self-report and functional outcome measures

Hughes, et al. 2019

CONCLUSION
“The present study demonstrates that BFR-RT can improve skeletal muscle hypertrophy and 
strength to a similar extent  to HL-RT with a greater reduction in knee joint pain and  effusion, 
leading to greater overall improvements in physical  function. Therefore, BFR-RT may be more 
appropriate in the  progressive limb loading phase of rehabilitation following  surgery in ACLR 

patient populations within the NHS.”



BFR IN ACL REPAIR REHABILITATION 

Chronic quadriceps weakness and atrophy 
• Post-ACLR 5±2 yrs 

• ≤90% symmetry in quad size and strength

• Rectus femoris & vastus lateralis ↑ 11% & 10%

• Knee extensor (KE) strength  ↑ 20%

• KE strength symmetry  ↑  88±4 to 99±5%

• Rectus femoris CSA symmetry  ↑ 87±5 to 96±4%

Kilgas, et al. 2019



BFR FOR KNEE OSTEOARTHRITIS

• A 2020 meta-analysis by Ferlito:
• HLT training and BFR had similar results in 

strength, knee pain, and function. 
• No difference in BFR and HLT in volume and CSA 

gains
• BFR had favorable results in strength and volume 

compared to LLT 

• Bryk, et al. demonstrated less significant joint 
pain with BFR than HL training 

Bryk, et al. 2016 /  Ferlito, et al. 2020

BFR IS MORE EFFECTIVE THAN LOW-LOAD TRAINING AND YIELDS SIMILAR RESULTS TO 
HIGH-LOAD TRAINING WITH LESS PAIN 



BFR AND TENDON PATHOLOGY

Centner, et al. compared HL vs LL-BFR vs control group 
for tendon changes

• ↑  tendon stiffness in  HL (+40.7%) and LL-BFR (+36.1%) 
• ↑  tendon CSA in HL (4.6%) and LL-BFR (7.8%)

Centner, et al. 2019 

BOTTOM LINE – LIMITED BUT ENCOURAGING RESEARCH FOR TENDINOPATHY AND 
TENDON DYSFUNCTION



BFR AND EXERCISE INDUCED HYPOALGESIA

Pain Reduction and Resistance Training 

• Duration and ↑ load/intensity correlated to reduction

• Low load exercise to failure has similar results

• 48% increase in PPT compared to 10-34% (LL & HL)

• Higher LOP = greater pain reduction

• Continued 24% increase up to 24 hours post-exercise

Hughes, et al. 2020 



BFR AND EXERCISE INDUCED HYPOALGESIA

• Systematic review assessing pain and strength in L-BFR, 
HL training and LL training in patients with knee injuries

• Both HL training and L-BFR increased strength

• LL training did not increase strength

• Only L-BFR demonstrated significantly less pain the HL training

Li, et al. 2021

BOTTOM LINE:  IN PATIENTS WITH A KNEE INJURY, L-BFR 
PROVIDES STRENGTH BENEFITS EQUIVALENT TO HL 

TRAINING WITHOUT THE ASSOCIATED PAIN



BLOOD FLOW RESTRICTION SAFETY

Vopat, et al. 2020 / Minniti, et al. 2020

• Cardiac Concerns
• Exercise Pressor Reflex (EPR)
• No greater risk than traditional heavy resistance training

• Rhabdomyolysis
• Case reports associated with BFR
• Generally accepted to be no greater than routine resistance training

• DVT
• 0.06% incidence in a study of over 12,000 
• No elevated markers of coagulation (d-dimer / fibrinogen)
• Some research suggests BFR lowers thrombosis risk 



BFR CUFF/TOURNIQUET OPTIONS 

• Delfi PTS considered the gold standard
• Wide vs Narrow

• Lower pressures required with wider cuffs
• Narrow cuffs more dependent on thigh circumference
• Delfi (13.5cm) vs KAATSU (5cm) = LOP 239 vs 500 

mmHg

• Limb Occlusion Pressure (LOP)
• Individualized (doppler) vs absolute cuff systems
• Doppler internal vs external

Amazon.com / Weatherholt, et al. 2019 



ADDITIONAL BLOOD FLOW RESTRICTION CONSIDERATIONS

• Proximal effects at the glutes and rotator cuff 
• Lambert 2021 – ↑ shoulder hypertrophy & endurance
• Bowman 2019 –↑ strength, hypertrophy of hip 

musculature proximal to tourniquet

• BFR and Orthobiologics
• ↑ in HPC progenitor cells (72% vs 4.3%)
• ↑ in platelets (14% vs 4.9%)
• Immediately post-exercise with BFR

Bowman, et al. 2019 / Lambert, et al. 2021 / Owens Recovery Science /  Callanan, et al. 2021

Shoulder Hypertrophy in BFR vs non-BFR Exercise 



ADDITIONAL BLOOD FLOW RESTRICTION CONSIDERATIONS

• 2020 Meta-Analysis on BFR and Aerobic Exercise 
• CONCLUSIONS:  “Aerobic exercise with BFR elicits a significantly 

greater aerobic capacity than aerobic exercise without BFR in 
healthy young adults.”

• The psychological factor of BFR with injured athletes

• Future BFR Patient Populations
• Diabetic research
• Cardiac populations
• Bone health in the elderly 

Formiga, et a. 2020

0.57 Effect Size of BFR vs non-BFR on Aerobic Capacity



QUESTIONS ?
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