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Crenshaw et al 1988; lida et al 2007; Takano et al 2005; Manini and Clark 2009; Larkin et al
20125 Pope et al 2013; Hunt et al 2016; Corvino et al 2017; Mouser et al 2017a,b, 2018; Reis et al
2019
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‘ IIpocoropionog Aptnpraxng Iliconc Amoppaing (AOP) (

AoK1nooio TPOOOEVTIKA GVEAVOUEVNS TIEONS NEYPL TNV EMITEVEN TNGS TANPNS APTNPLOKIS
amo@paing (apykn wicon S0 mmHgE, TpoodocvTikny avénon katda 10-40 mmHg)

K\) Ano@poin Mvuikng Awpatikng Pong

O
DLrefucn) Arogpain: 40-80% AOP
Aptnproxn Anogpacn: 100% AOP

Limb occlusion pressure (LOP) reading = point of
loss of doppler signal

e i e
o Sports
‘ Medicine

The Gcclusion Cuff®

Crenshaw et al 1988; Rossow et al 2012; Laurentino et al 2012b; Loenneke et al 2012a,b, 2013, 2014, 2015;
Jessee et al 2016; Hunt et al 2016; Mousser et al 2017a,b, 2018 McEwen et al 2018; Patterson et al 2019
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Me eEicmon mpofreync Aappdvovrog vaIoOWLY To GTOUIKE YOPUKTIPLOTIKG TOV O TONOV

O

| Avo Akpo | | Kato Akpa

Arterial occlusion (mmHg) = 0.514 (SBP) + 0.339
l (DBP) + 1.461 (Arm circumference) + 17.236

Estimated arterial
occlusion pressure

Thigh circ. (cm) (mmHg)

Arterial occlusion (mmHg) = 0.667 (SBP) + 0.210
(DBP) + 0.331 (MTH) + 0.446 (FTH) + 26.275

SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure,
MTH: Muscle Thickness, FTH: Fat Thickness

| Kato Akpa

Arterial occlusion (mmHg) = 5.893 (Thigh circumfer-

ence) + 0.734 (DBP) + 0.912 (SBP) — 220.046

Loenneke et al 2011, 2013b
Loenneke et al 2014




EXERCISE WITH BLOOD FLOW RESTRICTION: AN EVIDENCE-BASED
APPROACH FOR ENHANCED MUSCULAR DEVELOPMENT

By Scott, Loenneke, Slotiery & Dascombe, Sports Med 2015 Designed by @YLMSportScience

The addition of blood flow
restruction to low-load resistance

exercise enhances hypertrophic
and strength responses p?‘

Well-trained athletes can benefit from
low-load blood flow restriction training,
either as an independent training
method, or more substantially in
combination with traditional high-load
resistance training

This novel training strategy hos
important implications for
individuals who cannot train
using heavy loads

L J
Ensure that the cuff width used is
appropriate and the restrictive pressure
— is specific to each individual limb i
._ y - \sb
-t YO “
-

3

.
Both single- and multijoint exercises can
be prescribed for training programmes

Blood flow restridtion training does not markedly increase
muscle damage, brief periods of high training frequencies
may be possible

e LOW LOADS (20-40 = TRM)

+ SHORT INTER-SET REST PERIODS (30-60 5)
* RELATIVELY HIGH TRAINING VoLUMES
(50-80 REPETITIONS PER €XERCISE)

Blood tlow restriction can be achieved by the application
of an inflotable cuff or tourniquet around a limb
(proximal to the muscles being trained), which limits
blood delivery to and from contracting muscles
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IHowotkd & TTocoTikG XapoKTNPLGTIKA AGKNGNS

Frequency 2—3 times a week (=3 weeks) or 1-2 times per day M'l A();mﬂ’;g
(1-3 weeks)

L oad 20-40% 1BEM

Restriction time 5—10 min per exercise (reperfusion between
exercises)

Type Small and large muscle groups (arms and legs/uni
or bilateral)

Sets 2-4
Cuff 5 (small), 10 or 12 (medium), 17 or 18 cm (large)

Repetitions Pressure (Foreps)— 30 x 15 x 15 x 15, or sets to failure
Takarada et al.,, 2000b; Burgomaster et

40-80% AQOP _I: Avo dxpa: 100-160 mmHg al., 2003; Moore et al., 2004; Abe ¢t al

Karo axpa: 160-260 mmHg 2005; Yasuda et al 2006, 2010a,b,
Rest between sets 3060 s 2011a,b, 2012; Madarame et al 2008;

Fujita et al 2008; Yasuda et al_2011;
Nielsen et al 2012; Rossow et al 20123
Ozakiet al 2013; Loenneke et al 2016;
May et al 2017; Ogasawara et al 2013;
Execution Until concentric failure or when planned rep Farup et al 2015; Colomer-Poveda/et al

. 2017; Hill et al 2018, 2019; Patterson et
scheme is completed al 2019 Pignanelli et al 2021

Restriction form Continuous or intermittent
Execution speed 1-2 5 (concentric and eccentric)




‘ Mn AOAnTtég

AVENON TNS UVIKNS VAEPTPOPLOS KO OVVOUTNS EYEL !
avoQeEPOEL EKTETONEVO OE VEUPA KOl MAIKIOUEVO
vyu] aTopa.
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l ‘ Octikn Emiopaon ‘

Méywotn IoopeTpikn Avvapn (~6-42%)
T O Méyrotn Poriy Avvaung (~13-20%)

Méywotn Ieotoviki Avvaun (~7-18%)

Pv0O u()g E(p(lp uoyﬁg Af)vaung (~9_20%) Takarada et al 2000b; Burgomaster et al 2003; Moore et al 2004;
. h i Abe et al 2005; Fujita et al 2008; Loenneke et al 2010b;
E'YK(IPGI(I ETEI([)(IVSI(I MUOQ (~3.5-22.6%) Laurentino et al 2012; Nielsen et al 2012; Farup et al 2015;

i : i i Jenkins et al 2016; Colomer-Poveda et al 2017; Hill et al 2018,
Eykapowo Em@avera Mvoc-Ootov (~2.5-3.5%) 2019a,b; Bjornsen et al. 2019; Kourabbaslou et al 2022
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‘ Beltioon Mvikig Avvaung kot Muikng Yaeptpo@iog ‘ ‘ Mn AOAntég

Ipoypappatog Mvuikig BN e e po
—1 Evovvapoong Xauning 000
Mpoypappatog Muikng ‘Evtaong Xwpic BFR
Evovvapomonc Xouning
‘Evraong Mg BFR Ipoypappatog Moikng IDE ot
—  Evovvapoong Yynig 0oshoc
"Evtaong Xopic BFR
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‘ Mvuikn Yrgptpooia ‘

Eyxkapowe Emeavero Mvoog (~6.6-12.3%)

Eykapowoe Em@avero Mvog-Octov (~4.5%)
Mvuikn Ilepropépero OpBov Mnpraiov (0.8-2.1
mm, 2.8-5.9%), OmicOwov Mnpwiov (1.2-2.4
mm, 4.5%), X1100v0¢ (3%), Bpayiova (2.27%)

Méywotn Ioopetpikn Avvaun (10.2-11.0%)
1 RM Iéoeic Xtq0ovg (5.4+2.6 Kg, 7.06%)
1 RM Iéoeic ITodwmv (9.6%)

1 RM Ba6v KaOwopa (7.8+2.1 kg, 8-12.89%)

3 RM Ba0v Kabwopa (12.3%)

Méywotn Avvaun Pomic Extewvovrov (11-30%)
kot Kapamjpov (23.8%) I'ovatog

PvOuog Avartoéng Avvaung (RFD, 6.0 (1.7-10.2)
kN*sec!)

AbMmTég |/

O

‘ AO0AnTIKN ATdd00oN

Xpovog Xrpivt S m (-16.3%)
Xpovog Xrprvt 10 m (-3.3%)
Xpovog 100 m (-0.38 sec)
Xpovog Agility Test 505 (-9.0%)
Xpovog FSPT Test (-11.0%)

Wingate Test (2.5%)
KaOeto Alpo (4.8%)
Avtoyn 0TO Ba0v
KaOwopa (21.2%)

Takarada et al 2002; Abe et al 2005; Sakuraba et al 2009; Park et al 2010;
Yamanaka et al 2012; Manimmanakom et al 2013; Cook et al 2014; Luebbers
et al 2014; Behringer et al 2016; Scott et al 2016; Paton et al 2017; Amanif
Shalamzari et al 2019; Held et al 2019; Bowman et al 2019
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oeig Ttiove Mvikn Advapun

xpel Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total ig IV, Fixed, 95% CI IV, Fixed, 95% CI

4.1 Bench press (kg) at baseline

LUEBBERS 2014 123.3 207 17 135.1 19.7 36.6% -11.80 [-26.06, 2.46]
YAMANAKA 2012 1286 165 16 115.7 14.7 63.4% 12.90[2.07, 23.73)

Total (95% CI) 33 100.0%  3.87 [-4.76, 12.49] Méyggog nglun piﬁ ug: 3- 1 3 cm

Heterogeneity: Chiz = 7.31, df = 1 (P = 0.007); I = 86%
Test for overall effect: Z = 0.88 (P = 0.38)

IHieon Amogppacng: 160-230 mmHg

4.2 Bench press (kg), follow up 4-7 weeks

LUEBBERS 2014 132 244 17 1424 18 36.3% -10.40 [-25.68, 4.88)
YAMANAKA 2012 137.9 171 16 119.8 16.2 63.7%  18.10[6.56, 29.64] A (’IPKSI(I Hpoypduuarog. 3 8 l}ﬁ r 6
1 : 3-8 efoonaosg
Total (95% CI) 33 100.0%  7.75 [-1.46, 16.96]
I
Heterogeneity: Chi? = 8.51, df = 1 (P = 0.004); 1> = 88% 25 0 25 50

Test for overs] effect Z = 1,63 (£.2.0.10 Favours [control] Favours [experimental]

EBoopaoraia Xvyvotnta: 2-6 popés /
efoondoa

Figure 4. Comparison of exercise protocol + BFR vs. exercise protocol concerning outcomne 2: Bench press (kg).

ZUVO)\JK(I: 7 / 14 épSUVSQ Baﬂ’l) Kaelcll%:gerimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% ClI

. , 5.1 Squat (kg), baseline
El) STSXOVTSQ o 1 8 7 aTO lla LUEBBERS 2014 193.2 25 17 2181 246 14 42.3% -24.90 [-42.43, -7.37]
ul’l’ © YAMANAKA 2012 1573 202 16 1494 23 18 57.7%  7.90[-7.10,22.90]
Total (95% Cl) 33 30 100.0% -5.96 [-17.36, 5.43]

Neapot AOintéc: 19-30 etV oo ovar ot 7 1 S ooy

5.2 Squat (kg), follow up 4-T weeks

AO)\‘ﬂuaTa: Hoﬁ(’)(f(palpo’ K(Dnn}\‘acia, LUEBBERS 2014 2181 246 17 2109 268 14 44.0% 7.20[-11.07, 25.47]

YAMANAKA 2012 1714 224 16 1566 243 16 56.0% 14.80[-1.39, 30.99]

Ka,oOoooaipion, Paykum, Ilodoc@arpo |RETEE - 30 1000% 11.461066,2950

Heterogeneity: Chi* = 0.37, df =1 (P = 0.54); I* = 0%

Ed)\t(lg, K)\‘aGlKé AG)\J‘]TI«G”(’) Test forovew ) Favours [control] Favours [experimental]
Flocco & Galeoto 2021

-25 0 25 50
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Hsplus‘rpog D/gﬂ‘!zn?‘})mm Control Mean Difference Mean Difference MniKﬁ YnngpO(Pia

Study or Sub Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

6.1 Thigh girth (cm), baseline
LUEBBERS 2014 595 47 17 811 541 14 44.2% -1.60[-5.08, 1.88]
YAMANAKA 2012 56.56 4.5 16 55.35 4.45 16 558% 1.15[-1.95, 4.25]

Total (95% CI) 33 30 100.0% -0.07 [-2.38, 2.25]
Heterogeneity: Chi? = 1.34, df = 1 (P = 0.25); 1> = 25%

Test for overall effect: Z = 0.06 (P = 0.96) I :auul(l 61‘ ua\’TlKﬁ 8“{6 pacn
6.2 Thigh girth (cm), follow up 4-7 weeks

LUEBBERS 2014 615 39 17 631 58 14 42.0% -1.60[-5.20, 2.00]
YAMANAKA 2012 57.65 44 16 55.35 4.45 16 58.0% 2.30[-0.77, 5.37]

Total (95% Cl) 33 30 100.0% 0.66 [-1.67, 3.00]
Heterogeneity: Chi? = 2.61, df = 1 (P =0.11); 2= 62% —

Test for overall effect: Z = 0.56 (P = 0.58) -0 0 10 20
1

Favours [control] Favours [experimental]

Figure 6. Comparison of exercise protocol + BFR vs. exercise protocol concerning outcome 4: Thigh Girth (cm).

r L4
IepipeTpog EﬂLﬂov
Experimental Control Mean Difference Mean Difference
Study or Sub Mean SD Total Mean SD Total il IV, Fixed, 95% CI IV, Fixed, 95% CI
7.1 Chest girth (cm), baseline

LUEBBERS 2014 1022 10.3 17 1071 13.9 14.2% -4.90 [-13.67, 3.87]
YAMANAKA 2012 99.8 5 16 999 53 85.8% -0.10[-3.67, 3.47]

Total (95% CI) 33 100.0% -0.78 [-4.09, 2.53]
Heterogeneity: Chi* = 0.99, df = 1 (P = 0.32); P = 0%
Test for overall effect: Z = 0.46 (P = 0.64)

7.2 Chest girth (cm), follow up 4-7 weeks

LUEBBERS 2014 101.7 9.7 17 106.5 11.4 16.4% -4.80 [-12.34, 2.74]
YAMANAKA 2012 102.3 44 16 1011 5.2 83.6%  1.20[-2.14, 4.54]

Total (95% CI) 33 100.0%  0.22[-2.83, 3.27]
Heterogeneity: Chiz = 2.03, df =1 (P = 0.15); P = 51% —
Test for overall effect:

-10 0 10 20
Favours [control] Favours [experimental]

PN\

Flocco & Galeoto 2021

Figure 7. Comparison of exercise protocol + BFR vs. exercise protocol concerning outcome 5: Chest Girth (cm).
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Mechanisms BFR TRAINING

A
Myocellular Swelling

Fluid Shifts

Intracellular Vol BLOOD POOLING
Leg Circumferen SV ‘

[THD]

INTRAMUSCULAR

GH

Cortisol
I((});‘-IISO [La] 1 ACCUMULATION
pH OF METABOLITES

VEGF l
PCr

NET PROTEIN INTRACELLULAR
ACCRETION — SIGNALLING

Strong link HYPERTROPHY
Proposed link

Strong evidence

Largely theoretical

Training outcome

Takarada et al 2000a,b; Takano et al 2005; Fujita et al 2007; Loenneke et al 2011, 2012; Yasuda et al 2010a, 2012; Haddock et al 2021
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‘ Octikn Eniopaon ‘ g

Mvuikn Avvapun (7-38%) xkar Yaeptpooiog (3-7%)

Agrrovpywkn Ikavotnte — Hukiopéva Atopa

Agpopra Ixkavotntae — VO (3.66-20.6%)

PALIED.¢

Xpovoc Aoknong (15.4%) kot Kopvoaia Ilapayopevn
Loyvg (6-15%)

Méyrwot Apopukn Tayvtnta (3.6-4.2%)
Apopkn Owovopia (7%)

Mvikny Awatiky Poqy (16-20%), Meragopa O, (12-23%)
Awayvtikn Ikavotnta (12-25%) kota v Yaouéyiotn Acknon

Awapétpov Mnpuwatag Aptnpilog (4%)

Abe et al., 6, 2010a,b; Park et al 2010; Sakamaki et al., 2011; Ozaki et al., 2011a,b; de Olivera et al 2015; Taylor et al 2016; De Oliveira et al., 20163
Behriger et al 2017; Clarkson et al., 2017a; Conceic¢ao et al., 2019; Slysz et al., 2016; Paton et al 2017; Bennett et al 2018; Amani et al 2018, 2019a,b, 2020;
Mitchell et al 2019; Patterson et al., 2019; Christiansen et al 2019a,b, 2020a,b, 2021; Elgammal et al 2020; Magno et al 2020; Chua et al 2022
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XopoKTNPLoTIKG ATOPPUENS
Awyatikng Pong

XopoKTNPLOTIKA
Agpoprog Aoknong

Méye0ocg Ileprunpioog:
5-18 cm wAhdTOg

"Evraon Aoknong:
20-90% VO, . 1/kar PPO

2max

Ilicon Anoppacnc:
60-220 mmHg

Epoopaoraio Xvyvotnroa:
2-12 ovvedpieg / efoopaoa

Tpomog Anogpaing:
2OVEYOUEVO 1] OLOAEIUNOTIKG,

Awapkela Aoknong / Xovvedpia:
15-40 min

Awapkera Amoppacne: 15-30 min

Yovokn Avdpkera Hpoypanpatoc:
2-24 wks

Apywko Entneoo:
32-60 ml/kg/min




Iepropropnog Muikng Anatikng Pong & Agpofra Ikavotnta

Sport Sciences for Health
https://doi.org/10.1007/s11332-022-00944-x 2022

REVIEW m)

Check for
updates

Effects of blood flow restriction training on aerobic capacity:
a systematic review and meta-analysis

Mean Difference

1@® . Laura Bernabei'*? IV, Fixed, 95% ClI

Paolo Flocco

3.1 - VO2max, trained or physically active subjects

ABE 2010 473 8.6 9 412 84 10  8.5% 6.10[-1.56, 13.76]
AMANI 2018 56.6 7.74 10 54.88 568 13.5% 1.72[-4.34, 7.78]

9
DE OLIVEIRA 2015 502 7.7 10 448 4.7 7 14.2% 5.40[-0.51, 11.31]
5

r. 7 HELD 2019 69.7 94 16 649 86 15 12.4% 4.80[-1.54, 11.14]
ZDVOXIKG. 12 SPSUVSC,, PARK 2010 545 4.2 7 468 24 5 352% 7.70 [3.94, 11.46]
PATON 2017 49 7.1 8 484 36 8 16.3% 0.60[-4.92,6.12) —
Subtotal (95% ClI) 60 54 100.0% 4.92 [2.69, 7.14] i

Heterogeneity: Chi? = 5.65, df =5 (P =0.34); P=11%

21) u HST éXOVTSQ: 4 22 (’ITO ua Test for overall effect: Z = 4.32 (P < 0.0001)

3.2 - VO2max, untrained or physically inactive subjects

CONCEIGAO 2018 384 68 10 40 5.9 10 10.4% -1.60[-7.18, 3.98] — L4
Kpl‘t‘ 1'] pLo: AglOk(')'YI] G1) FERREIRA 2019 304 28 14 288 32 12 596% 1.60[-0.73,3.93] i M'l AO)“]TSQ
KERAMIDAS 2011 36 31 10 364 43 10 30.0% -0.40 [-3.69, 2.89] —r
VO Subtotal (95% Cl) 34 32 100.0% 0.67 [-1.13, 2.47)
Heterogeneity: Chi* = 1,66, df =2 (P = 0.44); I = 0%
Test for overall effect: Z=0.73 (P = 0.47)

2max

YVVOAIKN
3.3 - Total sample analysis

Total (95% CI) 94 86 100.0% 2.34[0.94, 3.74] L 2 Enlapacn
Heterogeneity: Chi? = 15.76, df = 8 (P = 0.05); I* = 49% :
Test for overall effect: Z=3.28 (P = 0.001)

-20 -10 0 10 20
Favours [control] Favours [experimental]




7 'Epevveg — 180 Xvppetéyovres — A0 TEC Ko Mn AOAnTES

Chronic Effects of BFR + HIIT vs HIIT

Maximal Mixed & Submaximal

Legends |
. Intensities \ iti it
EI’ — Significantly greater improvements vs CON A Intensities ) ® Intensities

@ — Some evidence of greater improvements vs CON

BFR + SIT BFR + RST BFR + S5G BFR + ST BFR + LT

*In submaximal SIT

— —MNo or limited evidence available

Aerobic Ef El‘/

. TvOZmax
M Maximal Aerobic Function —_ —_
@ T Exercise Economy

Anaerobic
\ TNPPO
TMPO

. 1 Sprint Speed

Muscular  strength and Power

‘MHypertrophy
. ‘MEndurance
T Activation

Chua et al 2022
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Scand J Med Sci Sporis 2015: we; se—se © 2015 John Wiley & Sons A/S.
doi: 10.1111/5ms. 12540 Published by John Wiley & Sons Ltd
s C DINAVIAN JOURNA

AN
MEDICINE & SCIEN
IN SPORTS

Short-term low-intensity blood flow restricted interval training
improves both aerobic fitness and muscle strength

M. F. M. de Oliveira'??, F. Caputo?, R. B. Corvino?, B. S. Denadai'?

37 N ” \% ’ A Table 2. Description of training
Eapa Yyul ATopa — — — - _

Exercise protocol 2 sets (5-8 repeats x 120-s, 60-s rest between repetitions) Between sets: 3min @30%Pmax +
. Total session fime (s) 1200-1920 2min passive rest
VO, . ~ 45 ml/kg/min Exercise intensity 102%Pyasy ~66% Py 30% Prax
~234b Y ~138 W1 * -0 | *1
Perceived exertion 76+14 51+14 73+14 1.3+05*"
Peak [La] (mM) 101+ 2t 914+£109f 53+1.7%¢ 1.6 +04*H

1 (’ Peak HR (%HRmax) 96 + 2.9 84 £8.6™1 70+9.2% 60 £5.1*H
AwdgippoTikn Agpopro Peak V02 (%0, 98 + 6 20+65% 42+47% 45+ 4%

AGKNG Session volume (k) 2844541 410, _] 165-264 83-133
T] Tl Training volume (kJ) 4424 41% 2583 1300

4 gﬁﬁoudﬁgg -3 (Popég / Perceived exertion, [La], Peak HR and Peak VIQ. represent the mean of averaging exercise values obtained during the first and 12th training session. Rating
6 , 6 of perceived exertion measured by 0 to 10 scale. ~340%
gpoopdaoa *Significantly different from HIT,
TSignificantly different from BFR.
A ;\. y E y *Significantly different from HIT + BFR (P < 0.05).
a SWHO‘T““] ([)(lp HOV'I BFR, low-intensity interval training with blood flow restriction; HIT, high-intensity interval training; HR, heart rate; LOW, low-intensity interval training

BFR (140_200 mmHg) without blood flow restriction; VO, maximal oxygen uptake.




Avoieippotikny AToepacn Muikng Aynotikis Pong &
Amoooon

Hpepio

o =00 I
““‘l i-0-B

Occlusion  200-300 mmHg } 2-4 KvKAOL

Avapkerog:
. Unrestricted blood flow {0 mmHg) 3-5 min

Spead (km/h)
Powar (W)
HR (EFM) | | [

Cadance (RPM) 0-25% 25-b0% h-75% 75-100%

Aspetar Sports Medicine Journal, Cocking Scott Exercise bout




Kiwikn E@appoyn

Single bout of RIPC

__.//
O p %

/ ‘Ischaemua reperfusion
- injury

-Uw@‘\

Mltochondnal
protection

Vascular endothellal
function

REMOTE ISCHAEMIC

PRECONDITIONING
(RIPC): affects tissues
dlstam to the treated arm
I

Duty Cycles (3-4):
5 min inflation
5 min deflation

Cardiovascular protection
(over a single bout) y

1Cytoprotection

i Repeated bouts of RIPC

_"The Journal of

Physiology

wwAsiupoTik) Ano@pacn Muikng Awpatikng Pong & Amoooon O/

AO0inTikn E@appoyn ‘

—| Beltioon MetofoMkng AmodoTIKOTNTOS

Iepropiler v e€avrtinon ATP, poikov
YAVKOYOVOL & TNV Tapaymy La
Murtoyovoprok ATodoTIKOTNTO T
Kwntikotnra VO, T

Evepyomoinon tov aicONTIKOV poik@V 1
wav tomov HI/IV

AI Beltioon Awpoatikig Porg ‘

Mviknfg Aynatiknig Porg T

Mvikng O&vyovmoncg (StO,) T

Awtipnon EvooOniwoxng &
Mkpoayyelokng Agrtovpylog

Murry et al 1986; Pang et al 1995; Schroeder et al 1996; Kharbanda et al 2002; Addison et al 2003; Saito et al 2004; Riksen et al 2004; Wang et al 2004; Moses et al 2005; Thaveau et al 2007; Andreas et
al 2011; Crisafulli et al 2011; Beaven et al 2012; Mansour et al 2012; Bailey et al 2012; Lintz et al 2013; Kjeld et al 2014; Patterson et al 2014; Horiuchi et al 2015; Cruz et al 2016; Incognito et al 2016;
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Salvador et al 2016
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Std. Mean Difference
IV, Fixed, 95% CI

-2 -1 ( 1 2
Favours [IPC] Favours [Control/Placebo/SHAM

Effect Size: 0.19 (-0.25-0.64)
Overall Effects: Z=0.85, P=0.239
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Std. Mean Difference
IV, Fixed, 95% CI

=2 -1 i 1
Favours [experimental] Favours [control]

Effect Size: 0.06 (-0.32-0.45)
Overall Effects: Z=0.33, P=0.74

Marocolo et al 2019
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Protocol factors

"Dose- cycles” 4xS-minutes

Remote Local
“Dose-tissue” _ “Location”

| Ed U |

oiesd ibdag=d o 0 i)

“Exercise modality” Exercise factors “IPC timing prior to exercise”

2 1 %
,ﬂ.,.err_':bm Anaemblc
glycolytic  alactic

< o 2

Cocking et al 2019



DOES BLOOD FLOW Go
RESTRICTION (BFR) THERAPY 3 " gu

= ENHANCE REHABILITATION

INTRODUCTION
For decades, athletes with blood flow
restriction therapy increase muscle
strength and mass with minimal loading.
As blood flow restriction therapy gains
popularity, more clinical experts and
researchers are exploring how it can be
used for rehabilitation.

Blood Flow Restriction Therapy is
the brief, intermittent, and safe
occlusion of arterial and venous blood
flow using a specialized device while
at rest or exercising. Using this
technigue, a person can exercise with
significantly less resistance and still
achieve significant gains in muscle
strength, size, and stamina.

History - Invented in Japan in 1966 as
KAATSU Training (KA means “additional”
and ATSU “pressure”) In the U.S.,
the military and professional sports were
among the first to adopt the practice

Contraindications :H/o of DVT,
Pregnancy, Varicose veins , HTN,
Cardiac Disease, Rhabdomyolysis
Precautions : Subcutaneous
hemorrhage , Numbness ,DOMS,
“Feeling Cold"

ADVANTAGES
#Light weights - less risk of muscle
strain or joint injury
#Light loads - less soreness and
quicker recovery
»Portability - strength training can
be done anywhere
»Movements specific —
movements can be practiced
resulting in functional strength
gains

o E ?Blmd Flow Restriction Training Guidelines

Exercise Load /Speed  Reps /Duration Sets  Frequency

MOl POO|q paysiuILIp Ag Resistance Training = 10-30% of IRM | 15,30, fatigue 34 | 2-3xaweek
Walking 45% of HRR 15-20 mins 2 SExaweek
Cycling 40%of VO2Zmax 20 mins 1 3-4xaweek
Increase muscle fibre [1RM: cne repetition maximum; HRR: heart rate reserve)

recruitment during
exercise Benefits of BFR

S5aM)s Jljogelswl a5ealdU|

A. Diminish atrophy and loss of strength from disuse
and non-weight bearing after injuries
B. Increase strength, hypertrophy with only 30% load
C. Improve muscle endurance in 1/3 the time
D. Improve muscle protein synthesis in the elderly
Enhanced muscle ) E. Improve strength and hypertrophy after surgery
protein synthesis (Due to F. Increase growth hormone responses which
phosphorylation of increases collagen synthesis
protein) G.Important for tissue regeneration after injury

Elevates systemic
hormonal production

LRT-BFR with a
depletion of
phosphocreatine stores,
decrease in the muscle's
pH

Potential Applications in
Clinical Practice
1) Non operative subjects
2) Post operative subjects
3) Normal (sports, fitness)
4) Geriatrics population

Over view
BFR is most commonly in
patients recovering from:

¥Fractures (don't heal properly)
¥ ACL injuries other

¥ sprains/strains

¥ Rotator cuff injuries

¥ Achilles tendon injuries

¥ Patellofemoral pain

¥ Total Joint Replacements

¥ Symptomatic Joint Arthritis

CONCLUSION BFR is beneficial in

increasing muscle strength and mass in
numerous populations. But we still need

- more research an the physiologic
mechanisms and protocols and future
research studies would involve higher

V numbers of participants.
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Takarada et al 2000b; Ohta et al 2003; Kubota et al., 2008, 2011; Cook et al 2010; BS)»Ti(DGTl MDlKﬁg A’lr)V(ll,n]g & M(’lgﬂg
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al 2022
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Reps: 1x30; 3x15 (~30%1RM); 30 Seconds of Rest Between Sets

Blood Flow Restriction Therapy Preserves

Lower Extremity Bone and Muscle Mass
After ACL Reconstruction

Robert A. Jack Il, MD,! Bradley S. Lambert, PhD," Corbin A. Hedt, DPT,'
Domenica Delgado, BS,T Haley Goble, MHA,T and Patrick C. McCulloch, MD**

32 aocleveic pe  pnén kot

Xﬁlp ov p 'Y““l a"ﬂlw“‘)mml T0V Weeks 2-12 of Rehabilitation
np(')GﬁlOD XI(IGTOI') 2 | 3 | 4 | 5 | 6 | 7 [ 8 [ 9 | w0 | M [ 1
Oud d Quadriceps Contractions | R
naoa Eréyyov B o< e Exensions | I N A N N
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80(y AOP) --- Single Leg Hamstring Curl
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Whole Limb Whole Limb

Bone Mass (g)
Lean Mass (kg)

-e-BFR -e-BFR -e-BFR 8] -* BFR
—+—CONTROL ] —4+—CONTROL —+—CONTROL —4+—CONTROL

%

Pre-Op Week 6 Week 12 Pre-Op Pre-Op Week 6 Week 12 Pre-Op Week 6 Week 12

“orn | con | arn | con | - o | con | orn | con |

%A 0.25%  211%  -0.55% = -2.58% -1.28% -2 - 069%  -6.64%  0.74% 467% %A 3.07%  -7.84%  -0.28%  -437%
0 +0.72 +0.47 +0.66 +0.64 1072 . J +098 +1.86 +112 +1.58 0 +1.00 +1.50 +1.08 +1.39

-1.08 -12.87 -2.87 -16.95 -2.08 5. -3. =5 -0.09 -0.27 0.00 -0.14
-0.04 -0.61 0.07 -0.39
A g +4.67 +3.02 +4.16 +4.32 +1.16 E : s A kg +0.08 +0.19 +0.10 10.15 A kg 10.03 10.06 10.03 10.05

* Vs Pre, # between groups * Vs Pre, # between groups a b

B
N=12 N=10
Soccer
Basketball
Football
Volleyball

Lacrosse

Recreational
Athlete

Return to Activity (Months)

CONTROL Robert et al 2022
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Single-leg squat (shallow) H ﬂfﬁﬂntﬂl tévovu uaw')ﬂqka C - —
[ Katd 60% ° T 45 min
—
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-

l \ 1 X g€avtinon éktaon yovatog
Mdn=2

3 X 15 pg 30" owareypupa
Posf-_BFR
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Post-BFR Post-PT
Single-leg squat (deep)
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Pre-BFR Post-BFR Post-PT

Korakakis et al 2018
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The Muscle Hypothesis of Chronic Heart Failure

m TNF, insulin resistance,

malnutrition, inactivity

2 |

Catabolic state

Left ventricle | Reduced peripheral
dysfunction blood flow

\ / o L O

Skeletal and
Respiratory Muscle

/1 /’ Myopatlwm

Vasoconstriction;
Increased afterload

Increased

Sympatho-excitation; Increased
Vagal-withdrawal “ erg: ;ﬁﬁ;?or ™ ventilation \ / \

Dyspnea Muscle fatigue

FIGURE 1 | The muscle hypothesis of chronic heart failure (created with BioRender).
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Application
& ANY SIZE cuff
or material can be

used as long as limb
occlusion pressure (LOP) is calculated

@& SMALLER cuffs may require LARGER
pressures than wider cuffs

& WIDER cuffs may IMPEDE movement
@, Elastic or nylon show SIMILAR benefits

Aerobic Training

@, Pressure: 40-80% LOP

@ Intensity: < 50% VO2Max
or Heart Rate Reserve

@& Duration: 5-20 minutes
@& Mode: Cycling or walking
@ Application: Intermittent* or continuous*

@ Frequency: 1-2x/day for 1-3 weeks or
2-3x/week for 3+ weeks

*Continuous: on during exercise + rest

*Intermittent: on during exercise, off at rest
(SIMILAR benefits, LESS discomfort)

Passive .

@® Sets: 3-5

@) Duration: 5 minutes

@) Pressure: 70-100% LOP

@2 Rest: 3-5 minutes between inflations

@) Application: Continuous

Resistance Training

@) Pressure: 40-80% LOP

@& Reps/sets: 30-15-15-15
or failure (2-4 sets)

Q Rest: between 30-60 sec

@) Loads: 20-40% 1RM with HIGHER
pressures needed at lower %RM

@ Application: Intermittent or continuous

O Frequency: 1-2x/day for 1-3 weeks or
2-3x/week for 3+ weeks

®) Tempo: 1-2 second concentric & eccentric

2votaoelc Aoknong ne Amo@pocn Mvuikng Awpoatikng Pong

Patterson et al 2019
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