Practical/Cli
Applications

OBJECTIVE #5

nical

Practical/Clinical Application - Age Demographic

= Survey Japan KAATSU
Training Society Survey

Number of facilities

0 0 100 150 200 250

+ Nov - Dec 2016 R

= 232 Facilities
= 12,827 persons
= M:F - 30:70

>80 years [

Yasuda et al 20175
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Practical/Clinical Application - Exercise Mode

= Occlusion pressure,
intensity of training,
number of sets and
duration of a
training unit remain
unclears?

Stretehing, gymuastics, yopa, and pilates

Numbor of facilties
0 s 100 150 200

By weliht
Warbell or dunbhell
Muchine

Aeru bike or cross iralner

Walking wnd running

Sports performance

Yasuda et al 20174 | -
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Practical/Clinical Application - Exercise Frequency

= Occlusion pressure,
intensity of training,
number of sets and
duration of a training
unit remain unclears®
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Onee s week

Towiee o week

¥ times o week

wweek

1-3 times o month

Everyday

Others Yasuda et al 20175

Practical/Clinical Application - Exercise Duration

Occlusion pressure,
intensity of training,
number of sets and
duration of a training
unit remain unclears®
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Practical/Clinical Application - Intensity & Volume

Citation Exercise Protocol

intensity
Abe et al. (2005¢) 20% IRM 3 sets of 15 repetitions; 30 sec rest
Abe et al. (2005h) 20% IRM 3 sets of 15 repetitions; 30 sec rest
Abe et al. (2006) 50 M/Min 52-min walking bouts; 1 min rest
Abe et al. (2009) 50 M/Min 52-min walking bouts; 60 sec rest
Abe et al. (2010b) 67 M/Min 20 minutes walking
Abe et al. (2010a) 0% VO 15 minutes cycling
Beekley et al. (2005) 50 M/Min 52-min walking bouts; 60 sec rest
Fujita et al. (2008) 20% IRM 30-15-15-15 repetitions; 30 sec rest
Kacin and Strazar (2011) 15% MVC 4 sets to volitional fatigue
Madarame et al. (2008) 30% 1RM 30,15,15 repetitions; 30 sec rest
Ogzaki et al. (2011) 45% HRR 20 minutes walking

L ke 201434
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Practical/Clinical Applicat

ion - Cuff Specifications

6/12/2024

Recommendation

Factors to consider

LA LIS Proximally around the limb 1o be trained

Trunk muscles can also benefit from BFR during multi-joint exercises|

Wide cuffs (~6-13.5 cm) for the legs, and
Cuff Type

Inflatable cuffs and elastic knee wraps may be most practical

narrow cuffs (3-6 cm) for the arms
Occlusio Inflatable cuffs: 50-80 % of pressure to occlude
Pressure anterial flow at rest
substantially restrict completion of desired
repetition scheme

Limb circumference: Larger limbs require higher pressure

Cuff width: Wider cuffs achieve occlusion at lower pressures

BFR alone: Aticnuated | in muscle mass and
strength

BFR + walking/cycling: Moderate 1 or
maintenance of muscle mass and strength

Elastic wraps: should feel snug but not
Occlusion
Pressure

Low-load resistance exercise + BFR: substantial
1 in muscle mass and strength

“The type of excrcise that can be tolerated should be considered before|
deciding on an appropriate BFR strategy (Fig. 1). The progressive
model proposed by Locnneke et al. [67] should be followed for
clinical populations

Scott et al 201487

Practical/Clinical Application - Cuff Specifications

Both single- and mult-joint exercises can provide
benefit

Hypertrophy between limb and trunk muscles following multi-joint
BFR training may be disproportionate

Low-load exercise (~20-40 % IRM or MVC)

Exercise Load

Multiple scts of low-load BFR excrcise provides similar metabolic
stimulus to high-load training. but may not replicate neural demands|

50-80 repetitions per exercise (sets do not need to
S susedpadsari
RestIntervals | JRaaul

Standard scheme of 30-15-15-15 repetitions equates 1o 75 total
repetitions

To ensure sufficient venous pooling, occlusion should be maintained
during inter-sct rest periods

TTimicaT POPUTATIONS: -3 (AIINg SEA0ns Pt
week is sufficient

Athletic populations: 2-4 sessions per week, in
addition to normal high-load resistance training

RT3y B POSSIBIC 10 (T twice per day with BTR

Rest: 20
30-60sec i GH,
90 sec (IL-6 concentrations 1)
Between training sets BFR should be continueds?
Duration:
> 6-10 weeks 54 &5
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Practical/Clinical Applicati

Scott et al 201487

ons - Cuff Pressures

= star ize restrictive p relative to

= NO evidence to suggest that this provides a g

= bSBP NOT able to explain additional variance
pressures®®

= Lower Extremities

systolic blood pressurell: 45
ood estimate of BFR to the lower limbs®’
in estimation of Lower Body Arterial occlusion

= 80% total arterial restriction = hypertrophic & similar to

high load training™*
= 50% total arterlal restriction = maximize EM!
ing knee ion exerci

G & M acute decrements in torque during &
(50% = 60% ion)?

= Maximize acute muscle swelling & blood lactate responses®”

* VAS: 7!10 (pressure with no pain) = occluded
inflow®?

= Limited difference in ratings of discomfort during exer
(perception may NOT be best estimate of actual restriction

89

venous return without stopping arterial

e across a variety of pressures
87
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Practical/Clinical Applications - Cuff Pressures

= ~60% Complete Arterial Occlusion Pressure can be achieved in LE with correlating
%0

p with thigh circurr
- L lon: 33% di from inguinal crease to superior border of patella

<50 cm 120 mmHg optimal pressure during BFR

51-55 cm 150 mmHg 1. Width of Cuff

56-59 cm 180 mmHg 2. Circumference of Limb

>60cm 210 mmHg 3. Arterial O ion Pressure of Limb

N:
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Practical/Clinical Applications - Types of Cuff

= Types: tourniquet, inflatable cuffs, elastic knee wraps®’

= Narrow nylon cuffs = 5 cm Elastic cuffs @ 50 mmHg (rest®* &
exercise®)

= Width: Legs (4.5-18.5 cm), Arms (3-12 cm)®”
= wider cuffs (13.5 cm) restrict blood at lower pressures vs narrow cuffs (5 cm)2°

= Arms = narrow cuffs = may limit normal/required ROM & muscle
hypertrophy stimulus may be attenuated directly below the cuff°®

= Legs = wider cuffs = some individuals did NOT reach arterial
occlusion using narrow cuffs on Legs at pressure up to 300 mmHg°

e K
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Practical/Clinical Application - BFR & Theraband

tance in Pounds

C

=
2
s
2
s Surface Area Circumference Pressure
= (50cm x 14 cm) <50 120 mmHg
8 700 cm? =90eM - 0.163141 kg/cm?)
o — Loenneke 2012°%°
TheraBand Tenslon TheraBand Surface Area ‘TheraBand Pressure/REV
5579186 kg 700 cm? 0.007970265... kg/cm?

/| TheraBand Pressure/REV # of revolutions (REV)
0.163141 kg/cm? 0.007970265... kg/em? 20
e
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Practical Implications - Legislation

= BFR Training Scope of Practice
= APTA: “BFRT is part of the professional scope of practice for physical
therapists.”
= State Legislation
1. Check State’s Practice Act
= May be silent in regards to BFRT
2. Check State’s Laws for Confirmation

= CAPTA Practice Act Silent on BFR & No laws prohibiting
use of BFRT

. I
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Practical Implications - Legislation & Billing

FDA Regulation

= Pneumatic Tourniquets are Class 1 - FDA regulated
products

= Ensure that product is registered and approved by the FDA
when practicing in the United States

Bllling

= Billed under the standard physical therapy codes
depending on the activity that the patient is performing
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Practical/Clinical Application - RPE Adaptation

High Intensity Training:

- Intensity: 85% 1RM
- Leg Extension

BFR Training (BFRT):
- Sets: 4
- Reps:30/15/15/15
- Intensity: 20% 1RM
- Leg Extension
Conclusion:
- BFRT induces a marked RPE
to training, vs HIT
Figurs 1. Ratings of parosived ch of trainng (BFF - may not limit the application

and L RPE of all sets. Valy . .
SE. +, =, * signiicanty tifferent from ssesion 1 (p = 0.06, p < 0,01, p < D.001, respaciivell. of BFRT to highly motivated

CR-10 Rate of perceived exertion

6/12/2024
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Practical/Clinical Application - Cardiovascular Response

Tahi I, Cardisrvascular and respiratory al
abitsed with (BFR) and without (CON) blood flow

oo T Subject 8 males
esting xervise at 10 min

con Con = Mode: Upright

Heart rate (bealsimin) 68(13) nz(13) [l Stationary Cycle

Stroké volume (ml) Ll LAULLLE Duration: 30 min
Candlac cutput (Lmin) 1228 1031290 NP

VO, (Vi) 129 (05 | |ntensity: 40%

¥, (Vi) 24739 EEALa| VO2max

v O, difference 121 (29) 140 (35)

Total peripheral resistance [XIE [EEE )

Systolc anerial pressure (mnHg) 138 16) Rl BFR: 200 mmHg
Diastalic arerial pressure (mntlg) 74101 I FETTg (50 MM wide; KAATSU Master,
Mean artersal pressure (manl g1 S0 ) ESTTEC| S2to Sports Plaza, Tokyo,
Blood lactate (mmol) 1641 ER e (2Pan)

Rating of perceived excrtion 10400 (ST

CON: no BFR

ON and BIR % = 005, = 001
-ans ard standhard deviations (SD)

120
Practical/Clinical Application
- Cardiovascular Response
e —a Cardiac Ouiput {square)
y Heart Rate (triangle) . - §
R R ook Velkirna (eircle) Fig. 1 % changes during 30 min of
2 exercise.
E Open symbols = normal blood flow
o Solid symbols = blood flow restriction.
2 % Values are represented as means (n=8)
g
B o
a 108 Oxygen Uptake (square) NO statistical significant difference in
100 1 2 CON vs BFR in:
AV 02 Difference (trangle) | - CO
= - Stroke Volume
» . ; - HR
10 20 30 - Vo2
‘Time (min) - A-VO2 difference
.
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Practical/Clinical Application

- Cardiovascular Response
% i | y Fig. 2. % A during 30 min of exercise
] wl Mesn Astevial o Open symbols = normal blood flow (CON)
H Disstolie Arterial Pressure (mngle)| Solid symbols = blood flow restriction
H (BFR).
4 % * * = Stat Sig Difference BFR vs CON,
™~ p<0.05.
-] » Values are represented as means (n=8)
i o Rating of perceived exertion (triang]
w
— NO statistical significant difference:
d - Diastolic Arterial Pressure
100 - Total Peripheral Resistance
w Tota Peripheral Resisunce (cirche) o tistical significant difference (p<0.05)
- Systolic Arterial Pressure (Vv BFR)
L - Mean Arterial Pressure (V' BFR)
0 » % - RPE (1 BFR)
- Blood Lactate (1 BFR) ik

98
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Practical/Clinical Application - Cardiovascular Response

Conclusion:

1. BFR: SV & HR
= 0-10 min: SV & HRA (CO no difference)
= 10-30 min: No difference in % change of SV & HR

2. BFR: Blood Pressure
= 0-10 min: > SBP, N\DBP, N"MAP
= 10-30 min: gradual \VSBP & VY MAP (due to \ in Total Peripheral
Resistance

3. BFR: blood lactate & RPE N gradually during exercise 4:
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Practical/Clinical Application - Cardiovascular Response

Subjects: n = 18 healthy males (Age: 23+3 yr)
Mode: Velotron cycle ergometer

Warm Up: 7 min, 30% VO2max (96+ 3W)
Intervals: 3 rounds, 2 min work : 2 min rest (10 W)
Cool Down: 5 min, 30% VO2max (96+ 3W)

Low Intensity: 40% VO2max

Low Intensity Group: 40% VO2 Max (128+4 W)

BFR Low Intensity Grou 02 Max (12814 W)

proximal thighs (10 ci ) (only intervals)
80% arterial occlusion pressure (143+19 mmHg)

High Intensity Group: 85% V02 Max (272+9 W)

100

Practical/Clinical Application - Cardiovascular Response

200q A thx o Llgrg w Intensity Group
1904 He ) =e=ll 40% VO2 Max
1804 =HL BFR Low Intensity Group
40% VO2 Max
1704
= 1604 High Intensity Group
2 isol 85% V02 Max
& 1404
w
1304
1204
1104

Thomas et al 201845 -




Practical/Clinical Application - Cardiovascular Response

DBP (mmHg)
3 3 3 37 3

)

i

Low Intensity Group
40% V02 Max
BFR Low Intensity Group
40% V02 Max

High Intensity Group
85% V02 Max

Practical/Clinical Application

- Cardiovascular Response

1154

1104

MAP (mmiig)
H
v

Intensity Group
V02 Max

BFR Low Intensity Group
40% V02 Max

High Intensity Group
85% V02 Max

Rest; Inty

Rest;

Inty

Rest; €D

Conclusion

- LIBFR interval cycling can I metabolic &
CV demands compared to low-intensity
cycling alone

- MAP w. LIBFR trials > 1 myocardial
workload (> HI session)

- use caution within a vascular
compromised population.

103

Conclusion & Summary

104
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Effectiveness of Blood Flow Restriction - Summary

1. LI-BFR: may 1 in muscle size & strength effects; used when
traditional high-load training may be inappropriate or unattainable.

2. Quantifiable muscular adaptations present quickly; Training >6
weeks seem to offer greater returns in strength adaptation.

3. BFR training has applicability to a range of populations who may
seek to progress strength while reducing loads on the associated
tissues including muscular, tendinous, connective, and bony.

4. Early studies indicate that BFR may have positive effects on bone

remodeling
Slyzs et al.85 1 -
Low Intensity + BFR Resistance Training
<r M i m

QR MechanlcalTension oW 3

Secondary
4 Flrerecruitment 1
r Mechanotransduction > «
Et tusde damage «
1 )

Systemic andlocalised hormones +{ <

@ cesweting A

+* ROS -

f NOS f’

' HSP f
¥

ROS: i Autocrine & Paracrine Actions |
NOS: nitric oxide synthase

HSP: Heat shock proteins HYPERTROPHY Source: Pearson et al (2015;*
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Safety & Side Effects - Follow Basic Principles

1. Conflrm No Contralndications 7. PayAttentlon to faintness, dizziness,

light-headed
2. Hemodynamically Unstable Patlents orlightheacedness

(slide 62, 63) shoulder NOT partake 8. Cautlon: Older (>65), Bedridden,
Postoperative Patients (DVT risk)

3. Thrombotic Diseased Patlents are

Contraindicated 9. AED Avallable
4. Explain Petechlal Hemorrhage Risk 10.SHORT Term and LOW Intenslty Loads
5. Individualize training 11. CONTRAINDICATION: Patient is sick

6. Bulld Relatlonshlp & Trust with Patient 12.If unsure about medical condltlon seek
speclallst consult

Nakajima 20125
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Practical/Clinical Application - Summary

6/12/2024

Recommendation Factors to consider

LRSI Proximally around the limb 1o be trained

Cuff Type
==
Pressure
substantially restrict completion of desired

BFR alone: Attenuated | in muscle mass and  The type of exercise that can be tolerated should be considered before
ressure

“Trunk muscles can also benefit from BFR during multi-joint exercises

" ulls ( ~0-13.3 cm) for the legs. nee Wraps may be mOst practic
narrow cuffs (3-6 em) for the arms

latable cuffs: 50-80 % of pressure to occlude  Limb circumfcrence: Larger limbs require higher pressure

anterial flow at rest Cuff width: Wider cuffs achieve occlusion at lower pressures

strength deciding on an appropriate BFR strategy (Fig. 1). The progressive
BFR + walking/cycling: Moderate T or model proposed by Loenneke et al. [67) should be followed for
maintenance of muscle mass and strength clinical populations

Low-load resistance exercise + BFR: substantial
1 in muscle mass and strength

Scott et al 201457
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Practical/Clinical Application - Summary

Both single- and multi-joint exercises can provide Hypertrophy between limb and trunk muscles following multi-joint
beneit BFR training may be disproportionate

[EONRIAPIIN Low-load excrcise (~ 2040 % IRM or MVC)  Multiple scts of low-load BFR excrcise provides similar metabolic
wlus o high-load training. but may not replicate neural demands

e
- 50-80 repetitions per exercise (sets do not need 1o Standard scheme of 30-15-15-15 repetitions equates to 75 total
i be performed to muscular failure) repetitions

3045 o s venous sion |
Rest Intervals | [aumeld To ensure sufficient venous pooling, occlusion should be maintained
during inter-sct rest periods

ical POPUTAONS: 2-3 WAIRINE SCRSI00S Per C POSSIBIE 10 train TWice per
Frequency week is sufficient

Athletic populations: 2-4 sessions per week, in
addition to normal high-load resistance training

Rest: 20

30-60 sec i GH,

90 sec (IL-6 concentrations 1)

Between training sets BFR should be continued®®
Duration:
> 610 weeks 555 Scott et al 201457
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Questions, Comments, Feedback, Discussion...

110

10



	Slide 81: Practical/Clinical Applications
	Slide 82: Practical/Clinical Application – Age Demographic
	Slide 83: Practical/Clinical Application – Exercise Mode
	Slide 84: Practical/Clinical Application – Exercise Frequency
	Slide 85: Practical/Clinical Application – Exercise Duration
	Slide 86: Practical/Clinical Application – Intensity & Volume
	Slide 87: Practical/Clinical Application – Cuff Specifications
	Slide 88: Practical/Clinical Application – Cuff Specifications
	Slide 89: Practical/Clinical Applications – Cuff Pressures
	Slide 90: Practical/Clinical Applications – Cuff Pressures
	Slide 91: Practical/Clinical Applications – Types of Cuff
	Slide 92: Practical/Clinical Application – BFR & Theraband
	Slide 93: Practical Implications – Legislation
	Slide 94: Practical Implications – Legislation & Billing
	Slide 95: Practical/Clinical Application – RPE Adaptation
	Slide 96: Practical/Clinical Application – Cardiovascular Response
	Slide 97: Practical/Clinical Application – Cardiovascular Response
	Slide 98: Practical/Clinical Application – Cardiovascular Response
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104: Conclusion & Summary
	Slide 105: Effectiveness of Blood Flow Restriction - Summary
	Slide 106
	Slide 107: Safety & Side Effects – Follow Basic Principles
	Slide 108: Practical/Clinical Application – Summary
	Slide 109: Practical/Clinical Application – Summary
	Slide 110: Questions, Comments, Feedback, Discussion…

