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ABOUT ME

Professional Credentials Personal
* Doctor of Physical Therapy

 MS Health Promotion Management

* Certified Strength & Conditioning Specialist
 The Human Performance Mechanic

e Co-Founder of The BFR PROS -
www.bfrtraining.com

* Published BFR Author
e @thehpm / @thebfrpros on IG
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OVERVIEW

 What is Blood Flow Restriction Training?

* The Fundamentals (Muscle Fiber and Fiber
Types & Motor Units)

* LLLBFR > LL?

* Fatigue
e Central vs. Peripheral

 How BFR Likely Works (As of 2020)?
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WHAT IS BF TRAINING?
4

EASY TO USE
HARD TO MISUSE

BETTER FOR RESULTS
SAFE
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THE FUNDAMENTALS

Muscle

Fascicle {a portion of the muscle)

Muscle Structure

* A muscle fiber is composed of many
myofibrils that contain the sarcomeres

Muscle fibre (cell)

. . Myofibril \ uscle fibre (cell)
* Sarcomeres are the contractile unitofa ... asomoe
myOfI brl | composed of bundles of myofilaments) :_are (contractile unit of a myofibril)
* Actin/Myosin = creation of mechanical

tension - force
* Mechanical tension = growth

Thin filament Thick filament

Myofibril

NSCA 2020 NSCA NATIONAL CONFERENCE #NSCACon20

NATIONAL STRENGTH AND
CONDITIONING ASSOCIATION




MECHANICAL TENSION &

mTORC1

P70S6K ULK1 4E-BP1

Protein Synthesis

W
Muscle Hypertrophy
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THE FUNDAMENTALS

Muscle Fiber Classification

* Muscle fibers can be broken down into different
types based on their physiological
characteristics

* Broadly Type | and Type Il

* Type Il associated with greater absolute growth
potential and muscle force generation
capabilities

* Type |l fibers = primary targets for muscle
growth (hypertrophy) and strength
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THE FUNDAMENTALS

Innervation of Skeletal Muscle /
Motor Unlt Axon of motor neuron '
* Motor neuron and all its associated muscle \ J
flbers It Innervates Skeletal muscle fibers /
¢ MOtOr UﬂItS can Inﬂervate d feW‘ or hundredS Of Muscle fiber nucleus
muscle fibers and is dependent on a number of I 4

physiological factors

* Motor units can be classified as low- or high-
threshold

* Operate on Henneman'’s size principle and
exhibit an exponential relationship with
recruitment

/ Neuromuscular

junctions
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THE FUNDAMENTALS

Low-Threshold Motor Units

* Low-threshold motor units mainly composed of
type | fibers

 Oxidative -> O, required
* Recruited for non-fatiguing, low-load tasks

* Minimal hypertrophic/strength potential when
recruited due to low total number of fibers
associated with activation + they’re normally
recruited during everyday tasks (low-effort)

 Still undergo high levels of mechanical tension
everyday due to ADLs
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THE FUNDAMENTALS

High-Threshold Motor Units

 High-threshold motor units contain significantly ( ¥
more type Il fibers (although high amounts of ( S

type | fibers still present)

/ i/ i‘- \

il
L0
X

Segied

* Exponential recruitment as a result of motor unit
properties

* Recruited for high effort and/or fati%uin
contractions -> + muscle activation levels

* Anaerobic/glycolytic -> La/H+/Pi

 Significant muscle hypertrophy/strength growth
potential when recruited consistently x weeks

(
[
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BFR AND LOW-LOAD RESISTAI\_ICE TRAINING |

* % * % %k %k

Some Consistent Observations From The Researcl  1s0- g

* Higher Perceived Exertion compared to no-BFR LL
conditions (Yasuda, 2013)

e Greater muscle deoxygenation over LL exercise
(Yanagasiwa, 2017)

BFR
NBFR

4 sets to failure
of Biceps Curls @
20% 1RM @ 160

mm Hg Applied

BFR Pressure

= (Y

o N

o (8]
] |

~
w
.
*
*

* %k

* Higher Levels of muscle activation over LL
exercise (Yasuda, 2014)

% %k

Exercise Repetitions
3
|

N
(%)}
]

* Greater heart rate & blood pressure response
compared to no-BFR conditions (May, 2018) K ok *k
1%t set 2" set 3set 4th get

. S|g.n.|f|cantly reduceq repet|t|9ns required to reacr Yasuda, 2015
volitional failure during exercise (Yasuda, 2015; e

|
Buckner, 2019 and MANY more...) Yanagasiwa, 2017  Exercise (min)

(]
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BFR AND LOW-LOAD RESISTANCE TRAINING

BFR Reduces Time To Failure

A A

Bar speed

...Yet similar muscle hypertrophy when LL T ———
exercise is taken to volitional fatigue in a chronic nvolvesery high numbers of reps

(60+) before reaching failure.

RT protocol (Fahs, 2015; Farup, 2015; Gavanda, | [~ Bar speed at task failure |
2 O 2 O ) Strength training with very light loads in

combination with blood flow restriction (BFR)
involves fewer reps (30+) before reaching failure.

'

v

**All of these factors suggest that BFR augments fatigue at any
given repetition compared to LL training leading to similar | [ T Bar speed at task failure |
long-term outcomes on muscle growth...** Number of reps to failure

v

Adapted from Chris Beardsley
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So if we get similar amounts of hypertrophy long-
term between conditions....

..what's the likelihood that there are completely
separate mechanisms driving similar levels of
growth?
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FATIGUE

Definition

 Temporary and reversible loss in maximal
muscle power or force that occurs during
exercise and is reversible with rest (Gandevia,
2001; Enoka & Duchateau, 2008)

. Immedlatelgfost exercise -> Loss of MVC
(Peyrard, 2019; Copithorne, 2019a)

» Sustained for days (Alvarez, 2020)

e Broken down further into Central and Peripheral
 Central - inhibits muscle activation

* Peripheral - facilitates further recruitment of
non-fatigued muscle fibers -> muscle activation @ Pheusyoue
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FATIGUE

Sites of Central Fatigue Sites of Peripheral Fatigue
| : I : |
Central Nervous System Peripheral Nervous System Skeletal Muscle Fibres
Central
Brain

* Physiological processes
proximal to the NMJ of the
alpha motor neuron that
ultimately result in a
reduction of motor drive to
the motor nerve (Amann,
2015)

Neuromuscular Junction (NMJ)

_ o Sarcolemma

* AKA Iﬂhlbltory! Spinal Cord Peripheral Nerve Muscle Fiber T Tubule Sarcoplasmic Reticulum

 Occurs in the brain (motor SRR - ST X
cortex), spinal cord and/or Neuron :\“\\@/ = L{j@%ﬁld% Q%
the group llI/IV afferents = P—
— — N =l==
* Mostly dissipates post- Aloh P @1 = S

. pha Motor Neuron ,,)L“i = = ‘ - Q(‘

exercise aIthou% ——— = -
prolonfged CNS fatigue can ) I ===5 | =
occur for days (Thomas et ! : . : )
201290)18 Fernandes et al Electrophysiological Considerations Contractile Biochemical Considerations
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FATIGUE

Increasing level of effort

leads to increased motor |||| "“
Central Fatigue Mechanism?

unit recruitment. " "

* Duration dependent? (Smith et al., T "“”“'"”“"""”“"H“"'h |m||l
2007; Taylor & Gandevia, 2008; -
Thomas et al. 2015) |

* Neuroinflammatory Model of |
Fatl%ue (Vargas, 2014; MacDonald
et al, 2003)

* Amount of neural drive dependent
on effort and reductions in effort
reduce motor drive (and outcomes)
(Hollander, 2017; Jiang, 2017)
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FATIGUE

End-Result of Central Fatigue (%

* Leads to reductions in
Ove ra | | m Oto r u n it DOESN'T ALLOW FULL MOTOR UNIT ALLOWS FULL MOTOR UNIT
recruitment (type Il fibers) wamimess T

despite maximal intent ﬂ /
- ‘“ \“> ‘
*|n a practical sense, “not = N
L .

recovered enough”
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FATIGUE

Sites of Central Fatigue Sites of Peripheral Fatigue
| |

Central Nervous System Peripheral Nervous System Skeletal Muscle Fibres

Peripheral

* Physiological processes
distal to the NMJ of the
alpha motor neuron that
ultimately result in a
reduction of muscle fiber
force and contraction

Brain

velocity (Ama nn, 2015) Neuromuscular Junction (NMJ) Sarcolemma
¢ Inte rfe res with excitation- Spinal Cord Peripheral Nerve Muscle Fiber T Tubule Sarcoplasmic Reticulum
[
contraction coupling N : . H\_ =a v == 7
process and/or = :\“\\@/ oNC oo =
crossbridge cycle (Fitts, | = || oy s |l==
2008; Allen & Trajanovska, P Cj ==
2012) Alpha Motor Neuron :)6: Cflu_jO i (;\(_:
* Mostly dissipates post- ==Ljiss ===k
exercise except for muscle ! . : . :
da mage (U naccustomed Electrophysiological Considerations Contractile Biochemical Considerations

exercise) (Alvarez, 2020
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FATIGUE

Bar Speed and MU Recruitment

NSCA

Effort = critical

Muscle fiber contraction velocity
slows with peripheral fatigue
(Sanchez-Medina, 2011)

Increased neural drive needed to
maintain force production

High threshold MU recruitment
results

Hypertrophic stimulus occurs

Bar Speed, Failure & Motor Unit Recruitment

Bar speed

Low-threshold motor
unit recruitment ‘

Fatigue reduces bar speed, and
therefore also reduces muscle
fiber shortening velocity

Reducing bar speed increases mechanical
tension on any working muscle fibers due
to the force-velocity relationship

High-threshold
motor unit
recruitment

: Py : >
Increasing proximity to failure

2020 NSCA NATIONAL CONFERENCE

Adapted from Chris Beardsley
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FATIGUE

Peripheral Fatigue
Mechanisms

* Multiple processes can
influence peripheral
fatigue accumulation
including (for our
purposes) metabolic stress

e Pi*, H* CaZ*, Lactate
(Place, 2010)
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FATIGUE

Peripheral Fatigue
Mechanisms : :

*PCr-> Pi + Cr + ATP: +La and 9.@

= 2685 -8-20% 1 RM
—_— H £ |[=3-26% 1 RMHBFR
Q- 4o 1{-8-88% 1 RM+BER
77| E48% 1 RMEBER
=0-65% 1 RM

* Metabolic Stress > with e S S e

higher loads (65%+ 1RM) OR e
adding BFR with lower loads
(20-40% 1RM) (Okita, 2013)

3%30
plantarflexion
repetitions @

varigus I8gds @

i3 | 136% SEP BFR
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FATIGUE

Group llI-IV Afferents

* Plays a role in managing both
peripheral and central fatigue

* Signals increase in BP/HR/V in
r2eos 5o)nse to O, demands (Amann,

* Role theorized to support exercise
performance but it comes at a coSt  erovr 1z aw v aererent

(PO”ak’ 2014) (MESSENGER) FIBERS
* + Discomfort, Pain, Exertion
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FATIGUE

Normal LL Exercise (Non-
Failure)

* 0, levels are managed,
arterent activity IS

attenuated
* Energy is resynthesized, RPE
Ty " ’ NO SIGNIFICANT | l
minimal, muscle Is able to \m/
buffer metabolites efficiently e e S

and they clear via venous

#NSCACon20
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FATIGUE

BFR Exercise
26Ievels are reduced (somewhat) (Willis, {

* Energy imbalance occurs

e Greater reliance on PCr and anaerobic glycolysis
(Broxterman, 2017)

 Greater production of metabolites, stimulation

of the afferents, perceptual demands (Yasuda, - -
2 O 10) METABOLITE A /
« Unable to clear metabolites; exert effects on AeconuLaTion L

excitation/contraction and/or cross-bridge
cycling at an accelerated rate (Peyrard, 2019;
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FATIGUE

100
S 90
X - ) - -
D 80 | g T o
£ 40 4. b x

Q

- l
@ 60
Cg 50
| a r a O 40 Peripheral fatigue was significantly elevated
“q', 30 in the BFR condition immediately post-exercise
Ve re( = 20 compared to FF condition and indicative
P of excitation/contraction coupling failure.

I ° RO R2 RS R10 R20 R30
wg(ee Fga U I m tO F F Copithorne, 2019a ——10/50Hz BFO —M— 10/50Hz FF
* KeRENtY B0 Q@F@'KWE r?

depressed
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PERIPHERAL FATIGUE ACCELERATION

BFR Reduces Time To Failure

A

|

A

CNS Fatigue

\

Strength training with very light loads —

Potential Mechanisms
e Greater e

(60+) before reachin

Bar speed

eXC Itatl O n/CO ntra Ctl O n _________________________________________________ Bar speed at task failure |

v

disruption (Peyrard, 2019; et e i
CO p It h O r n e 2 19 a/ b ) involves fewer reps (30+) before reaching failure.

/
e Similar/Slightly less CNS
fatigue at allure compared | [ s o spesd s ek
to L (Coplthorne 2019a; Number of reps to failure
Peyra rd 2019) Adapted from Chris Beardsley

e Load dependent?

CNS Fatigue

v

NSCA 2020 NSCA NATIONAL CONFERENCE #NSCACon20

NATIONAL STRENGTH AND
CONDITIONING ASSOCIATION



TAKING IT HOME!

Bar Speed, Failure & Motor Unit Recruitment Force-Velocity Curve
T4 Fatigue reduces bar speed, and Heavy Loads
9 therefore also reduces muscle
” fiber shortening velocity
5 o
S
o
Reducing bar speed increases mechanical L
tension on any working muscle fibers due 2
to the force-velocity relationship 8 Moderate
D S Loads
» =
High-threshold . .
motor unit BFR Training
Low-threshold motor recruitment
: — S— Contraction Velocity
Increasing proximity to failure

Adapted from Chris Beardsley '~ PYUT LUTI
* Max effort
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CONCLUSIONS

BFR Accelerates Fatigue

* Greater metabolic stress leads to greater
peripheral fatigue at a given repetition a -

* Requires additional exertion (effort) to
maintain force production

* Augments high-threshold MU recruitment
faster than LL albeit similar levels of overall
metabolic stress at task failure (Tanimoto,
2004; Yasuda, 201b)

* Hypertrophic stimulus

 Maybe this all is just nerd-talk and we just Yasuda, 2015
need to lift to exertion REGARDLESS of load!

BFR
NBF

4 sets to failure
of Biceps Curls @
20% 1RM @ 160

mm Hg Applied

BFR Pressure

k3%

Lactate concentration (mmol/L)

Pre Post 15min 30min 60min
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THANK YOU!

Special Thanks To:

 Chris Beardsley (@Chrisabeardsley) for his
mentorship on helpin|§ me dive into fatigue
mechanisms with BF

* Eugen Loki (@Pheasyque) for the amazing
Illustrations

 Meena Rajgarhia for creating the charts
from the research

* You all for allowing me to have this amazing
platform to discuss something that is near
and dear to my heart!
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