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anaerobic threshold training
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Blood Flow Restriction (BFR)

Blood flow restriction (BFR) is applied with intent to
restrict arterial blood flow into the muscle of
interest and occlude venous outflow of the muscle,

Resulting in venous pooling.




BFR/KAATSU Training

» Interest in blood flow restriction training
originates from the development of Kaatsu
training by Yoshiaki Sato.

kj .' Dr. Yoshiaki Sato,

" 66-year-old inventor
S of KAATSU




BFR cuff

- Cuff wide; 7-12 cm

- Elastic wraps/ straps

- Elastic belts with a pneumatic bag inside
- Nylon pneumatic cuffs

- Traditional nylon blood pressure cuff




Traditionally:

Load and Repetition Assignments
Based on the Training Goal

Training goal Load (%1RM) [

*Strength =85
"Power:
Single-effort 80-90
event
Multiple-effort - 75-85
event

Hypertrophy 67-85

Muscular <67




BFR and bed rest ...

Mechanism of BFR beneficial effects:

+ Evidence suggests that the hypoxic environment created
during BFR may increase the activation and proliferation of
myogenic stem cells, enhancing the hypertrophic response
(Nielsen et al 2012).

« Expression of hypoxia-inducible factor-1a (HIF-1a) 1s
known to increase in response to hypoxia (Maxwell 2005).



BFR and low-intensity walking

- Traditionally, the intensity used to achieve the
training benefits is %60-80 HRR.

- But, some individuals may not be physically able to
perform those intensities.

- The application of BFR results gains in muscle
function at a lower exercise intensities.




BFR and low-intensity walking ...

BFR during walking results in:
- Increase in VO2max (park et al. 2010).

- Increase in skeletal muscle mass & strength (abe et
al. 2006).

- Increase in muscular size & strength and carotid
arterial compliance (0zaki et al. 2011).

- Positively influence markers of bone metabolism
(Abe et al. 2010)



BFR and low-load resistance training

BFR & low-load resistance training results in:

- Increase in muscle size & strength

(Takaradaet al. 2000; Karabulut 2010, 2011).

- Improvement in markers of bone formation

(Karabulut et al. 2010)



Mechanism of BFR beneficial effects

Muscle oxygenation and metabolic stress
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Metabolic effects during (A) and after (B) exercise with vascular occlusion.

Castro FMP, Aguino R, Bertl Jonior JA, Gongalves LGC, Puggina EF. Assessment of patterns and variability in lower
extremity coordination between genders with differant shoe insole stiffness during jump -landing tasks. Hum Mow. 2017;18(2):3-14.



Mechanism of BFR beneficial effects

Muscle fibre type recruitment

Recruted
fibers

HT == : i
¥ A
&

LT+,

Encer;raa
inbanty

Recruitment of muscle fibres in training with vascular occlusion and conventional
strength training. HT — high threshold, LT - low threshold.

Loenneke JP, Wilson GJ, Wilson JM. A mechanistic approach to blood flow occlusion. Int J Sports Med. 2010:3 1(1):1-4.



Mechanism of BFR beneficial effects

Growth hormone

4 G

Sarcoplasm

[llustration of the possible mechanisms acting in the release of GH and IGF-1.

Pope ZK, Willardson JM, Schoenfeld BJ. Exercise and blood flow restriction. J Strength Cond Res. 2013;27(10):
2914-2926.
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Mechanism of BFR beneficial effects

L. Ly

mTOR signalling pathway

BFR » Muscle cell swelling

Stimulation of intrinsic volume
sensors (Anabolic effect)

Activation of mTOR & MAPK
pathways -
¢

st 4 bachanical st
L8] IGE-1R = 5 'ﬂﬁ_-_-_-_'—‘hu\
i i "

FIaK | glycogen rCa*
i

- TSC I-1 (2
. . . | mTORC \ /
The mTOR signalling pathway in BFR  \ e

f
| Protem synihesis

Laurentino GC, Ugrinowitsch C, Roschel H, Aokl MS, Soares AG, Neves M Jr, et al. Strength training with blood flow restriction
diminishes myostatin gene expression. Med Scl Sports Exerc. 2012;443)-406—412.




Mechanism of BFR beneficial effects

Heat shock proteins

| O

t ROS tH'
—l T Hs-ps_ il—
wnscrlp‘hnn
1 Body lschemia
temperature reperfusion

L ATP

Hsps serves as a chaperone
involved in many cellular
processes, so that it can
have a profound impact on
protein turnover, energy
metabolism, muscle function,
muscle regeneration,
hypertrophy, and adaptation

Factors that increase the transeription of Hsps. ATP — adenosine triphosphate,
Hsps — heat shock proteins, ROS — reactive oxygen species

Liu Y, Gampert L. Nething K, Steinacker JM. Response and function of skeletal muscle heat shock protein T0. Front Bioscl.
2006;11(3):2802-2827.



Mechanism of BFR beneficial effects

Nitric oxide synthase

1 SC activity
/ \ Protein

exercise

NOS |=—> ( NO )

Physical

synthesis
\ Blood flow /

Illustration demonstrating the influence of exercise on NOS and NO and the
physiological effects. NOS — nitric oxide synthase, SC — satellite cells

Kawada S, Ishil N. Skeletal muscle hypertrophy after chronic restriction of venous blood flow In rats. Med Scl Sports Exerc.
2005;37(7):1144-1150.



BFR Protocols
.... bed rest

- 5 min inflated, 3 min deflated, repeated 5 times;

twice a day; 9 cm wide cuff; ~ 238 mmHg (Takarada et
al. 2000).

- 5 min inflated, 3 min deflated, repeated 5 times;

twice a day; 7.7 cm wide cuff; ~ 200 mmHg (Kubota
et al. 2008).



BFR Protocols
... low-intensity walking

- 11 cm wide cuff; 160-220 mmHg; walking
with %40-45 HRR (Park et al. 2010).

- 5 cm wide cuff; 160-230 mmHg; walking with
%40-45 HRR (Abe et al. 2006).

- 5 cm wide cuff; 160-220 mmHg; walking with
%45 HRR (0zaki et al. 2011).

- 5 cm wide cuff; 160-230 mmHg; cycling with
%45 Vo2max (Abe et al. 2006).



BFR Protocols
... low-load resistance training

- 3.3 cm wide cuff; ~ 110
mmHg; %30-50 1RM;
3x/week (Takarada et al. 2000).

- 5 cm wide cuff; 160-240

mmHg; %20 1RM; 3x/week
(Karabulut et al. 2011).

- 5 cm wide cuff; 100-130

mmHg; %30 1RM; 2x/week
(Yasuda et al. 2011).



Current contraindications include

 Deep-vein thrombosis
« Pregnancy

» Varicose veins

- High blood pressure

» Cardiac disease

» Where in any doubt over safety, medical
guidance should be sought.
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Type Il afferent
nerve fibers
from Golgi

tendon organs

Dorsal

afferent
nerve fibers
from muscle
spindle

Ventral

Gamma efferent fiber
causes reflex
relaxation

Alpha motorneuron
causes reflex

contraction
Muscle

spindle

Golgi tendon
organ
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