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References Exercise protocol The method of blood flow restriction  Measurement

Duration/frequency  Cuff pressure
(mmHg)

Scottet

Cos) 15women 66838 | 668238 leg presslegextension 2 ecks “Total occlusion pressure o
LEBER10 rep (20% IRM)3. 1 daylwek % DEP
‘CON: (20% IRM)x3

Yasudaetal. (2013) Smen Liwomen 73271 | 27560 | kneeextension and leg press 12 weeks 196218 IRm
LI-BERTS rep (30,20, 15, 10 eps)20%-30%1RM 2daysfweck csa
‘CON: Daily exercise: B
DBP
HR
Shimizu etal.(2016) 33men 7women 724 7024 leg extension, g press, rowing, and chest press ks 20 IRM
LIBER: (3 % 20rep)20% IRM 3 daysfweek B
‘CON: (3 x 20rep)20% 1RM. DBP
HR
Lopesetal. (2022) 2womenlomen | 7247 727 elbon flexion,leg press, plley ebow extension, and 12 weeks 6525 Ms
Knce extension. 3 daysfveck

LIBER: (3. 10rep)30% of 1 RM
‘CON: (3 x 10rep)30% of 1 RM

Patterson and Ferguson 10men 723 723 plantar-lexion ks 1o v
o) LIBER: (3. 10rep)25% IRM 3 daysfveek IRM
‘CON: (3 x 10rep)25% 1RM.

Yasudaetal. (2015) 3men Liomen 726 6525 bilateral arm curland riceps press-down exercise 12 weeks 19618 o
2daysfweck DEP
LLBER: (1% 3043 % 151ep)25% 1RM HR
‘CONT: (1% 3043 x 15rep)25% IRM
Yasudaetal. (2014) Smen 11women 7026 6727 Knee extension and leg pess 12 weeks 120-270 csa
LIBER: (20%-30%) 2daystweek IRM
IRM CONDaily exercise:
Letieri etal. 2018) Sowomen 68850 | 88250 | SquatlLeg Pres/Knee Extension/Leg Curl 16 weeks LU+ BERH: vs
LLBER-H: (15 reps3-4)20%-30%1RM 3 daysfweck 18575 £5.45
LLBER-L: (15 rep x3-4)20%-30%1RM LI+ BFRL:
‘CON: 20%-30% 1RM'3-4 1055265
Cooketal. (2017) 6men (723-807) | (696-799) | legextension leg curl leg press 12 weeks 11225 csa
LIBERS x 151ep (30% 1-RM) 2daysfweck IRM
‘CON: upper-extremiy satic flxibiltylght resistance
raining programme
Segal etal. (20150 imen 561459 | 56269 ecks 160-200 1RM
1 30repss 3 x 15reps) 0% IRM. 3 daysfveck
(CON: (1% 30reps 3 x 15eps)30%IRM
Vieira et al. (2013) 12men 6627 6627 single-arm biceps curl Tweek 120 HR
LI-BER: (30% of 1 RM) for 3 min 2 daysfweek sop
‘CON: (30% of I RM)for 3 min DEP
Parkington et . (2022) 10men lowomen | 613542 | 643242 legpressthen knee exension 2uecks 1583208 o
LIBER: (1x30rep+3 x 151ep) LP 20%1RM 1 daylweek DBP
(4 151ep)LE20%IRM
CON: (1% 30rep+3 x 15rep)LP20SIRM
(4 151ep)LE20%IRM
Ferraz etal. (2018) women 0323 0724 leg press and knee extension 12 weeks 974276 IRM
LIBER: (4x151ep)30% 1RM 2daysfeek csa
BERT: (43 15)30% 1RM.
Segal etal. (2015b) A5women 561259 | 516269 | leg-pressresistance training. vecks 160-200 1Ms
LIBER: (1 % 30reps3 x 151ep)30% 1IRM 3 daysfweek IRM
(CON: (1% 30rep+3 ¢ 151ep)30% 1RM
Bigdeli et al. (2020) Wmen 676451 | 663546 | circuittraining: cleven stations Guwecks 126-150 1RM
LLBER: (2-4x10rep) 25%-35% IRM 3 daysfveck
‘CON: (2-4x10rep) 25%-35% IRM
Ozakietal. (2011) 18men o1 21 20-min treadmill walking at 45% of heart rte reserve. | 10 weeks 140-200 csa
ensity. daysfveck v
LIBFR: 452 00 knh and 1.6 = 0.4 degrees
CON:4.4+0.1 knvhand 15+ 05°
Abeetal. (2010) 19men 6078, 078 20 min treadmill walking at 45% of heart rate reserve |6 weeks 160-200 csa
intensity 5 daysfveck vs
LI-BER7 m/min for 20 min HR
‘CON: 67 mimin for 20 min o
DEP
Okietal. (2011) 23 menandwomen | 6641 oe1 20-min treadmill walking at 45% of heart rate reserve. |10 weeks 140-200 csa
intensity. 4 daysfveek Ivs

LIBER: treadmill walking
‘CON: treadmill walking exercse intensity

REP: number of repettions; LI-BFR: bood flow resticton combined with low ntensity trining: LI low-inen
B st sk Btk a ot vl L bk i

traning: CON: control goups L+ BER-H: highpressure blood flow restriction combined with o intensity training L+ BFR.L low-pressure bood
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tal score

Amorim 2022 1 1 1 0 1 0 0 1 1 || 1 7
Yasuda (1) 2013 1 1 0 1 0 0 0 1 1| 1 6
Yasuda (2) 2014 1 1 0 i 0 0 0 1 1|4 1 6
Yasuda (3) 2015 1 0 0 1 0 0 0 1 1|1 1 ' 5
Shimizu 2016 1 1 0 1 0 0 0 1 1| 1 6
lopes 2022 1 1 0 0 0 0 0 1 i ||l 1 5
Patterson 2011 1 0 0 1 0 0 0 1 1|1 1 5
Letieri 2018 1 1 1 1 1 0 1 1 1 || 1 9
cook 2007 1 1 1 1 0 0 0 1 1|1 1 7
Segal (1) 2015 1 1 1 1 0 0 0 1 1 1 i 7
Segal (2) 2015 1 1 1 1 1 0 1 1 1 0 1 9
Vieira 2013 1 1 0 0 0 0 0 1 1 || 1 5
Parkington 2022 1 1 0 1 0 0 0 1 i 1 6
Ferraz 2018 1 1 1 1 0 0 0 0 1 |a 1 6
Bigdeli 2020 1 1 0 0 0 0 1 0 1|1 1 5
Abe 2011 1 1 0 1 0 0 0 1 i || 1 6
Ozaki (1) 2011 1 0 0 1 0 0 0 1 i || 1 5
Ozaki (2) 2011 1 1 0 0 0 0 0 0 1| 1 4

(A) Eligibiity criteria specified; (B) Random allocation of subjects to groups; (C) Concealed allocation; (D) Baseline similarity; (E) Blinding of subjects; (F) Blinding of therapists; (G) Blinding
of s (11 >8I Billinip-derr e cmpbominais A1) Bbintionstostraat vt (1 Betvinesvcroup stslistioal compmitsons suortod: (%) Bobak setirtes and waciabillly pasaries:
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BFR cuffs used
(width)

Interface
pressure
assessment

Protocol details

Main outcome
measures

Key findings

Hughes et al. 2018)

Hughes et al. (2024)

Neal et al. (2023)

RI (Hokanson): 13 cm,
PT (Delfi PTS): 11.5 cm,
HS (Occlusion Cuff):
8em

Delfi PTS (11.5 cm), B
Strong (7 cm),
SmartTools (10.14 cm),
Saga (10.15 cm), Suji
(10cm)

Garment-integrated BFR
(Hytro), dual 5 cm wide
elastane straps.

Universal interface
device with Pasco
Capstone software and
quad pressure sensors
with participants in
supine

Cuff pressure recorded
continuously via
pressure transducer and
LabVIEW with
participants in supine

Air bladder with
Kikuhime transducer
placed under strap (strap
levels 1-5); mean
pressure measured for
each level in dominant
leg while participant was
in standing

Resting Trial: 40% and
80% LOP

Exercise Trial:

Exercise/Load: 4 sets of
unilateral leg press at
30% IRM

Repetitions/Rest:
30/15/15/15 reps with
30 s inter-set rest

LOP: 80%

Cadence: 2 s concentric,
25 eccentric

Duration/Frequency: 5
BER systems tested in
randomized crossover
across 3 visits

Exercise/Load: Single-leg
horizontal leg press
using Weider Ultimate
Body Work Machine
with 3 resistance bands

Repetitions/Rest:
30/15/15/15 reps with
30 s inter-set rest

LOP: 80% or 300 mmHg
(B Strong)

Cadence: 2 s concentric,
25 eccentric

Duration/Frequency:
6-week home-based
program with 2
sessions/week

Exercise/Load: 3
exercises (bodyweight
squats, glute bridges, calf
raises)

Repetitions/Rest: 4 sets
per exercise
(30/15/15/15 reps), 30 s
inter-set rest, 2 min rest
between exercises

BER Protocol: Straps

(5 cm) tightened to 7/10
perceived pressure and
remained strapped
during each 4-set block
and unstrapped between
exercises.

Interface pressure
deviation (rest and
exercise), pain (0-10),
RPE (6-20), mean
arterial pressure (MAP)

Autoregulation (% of
time within £15 mmHg),
pressure deviation at end
of exercise

Mean pressure exerted
by strap; knee isokinetic
peak torque;
DEXA-based lean/fat
mass

At rest:

- RI: =5 mmHg (40%
and 80% LOP)

- PT: -8 to -9 mmHg

- HS: ~20 mmHg (40%),
37 mmHg (80%)

During exercise:
-RE:+10to +11 mmHg

- PT: No difference
- HS: +37 to +62 mmHg
Pain:

- Rland HS > PT (sets 3
and 4,p < 0.01)

- Max pain: HS = 8.3, Rl

=79,PT=57
RPE:
- Rland HS > PT (set 4:

RIHS = 17, PT = 15)
MAP:
-Rland HS > PTat
1-minand

5-min post-exercise

(+10-11 mmHg)

Autoregulation (% total
BFR time):

- Delfi PTS: 100% + 0%

- Suji: 63% + 24%

- B Strong: 48% £ 36%
- SmartTools: 47% + 31%
- Saga: 43% * 31%

End-of-exercise cuff
pressure deviation:

- Delfi PTS and Suji:
maintained target but
Suji had T variability

- BStrong, SmartTools,
Saga: significantly lower
than target (p < 0.05)

‘Thigh girth: 57.2 &
43cm

Maxstrap pressure (level
5):178.2 + 12.5 mmHg

Max strap pressure (level
4):158.0 + 140 mmHg

Max strap pressure (level
3):118.9+ 1.2 mmHg

Max strap pressure (level
2):81.9 % 144 mmHg

Max strap pressure (level
1): 60.4+9.6 mmHg

Adherence: 98.5%

Side effects: 1 excessive
pain during (0.7%), 2
bruising (1.5%), 1
paresthesia (0.79)

Knee extension peak
torque: +12.4 Nm;
normalized: +0.1 Nm/kg

No meaningful changes
in body composition

RI, Rapid Inflator Cuff (Hokanson); PT, Personalized Tourniquet (Delfi PTS); HS, Handheld Sphygmanometer (Occlusion Cuf); LOP, Limb Occlusion Pressure; RPE, Rating of Perceived
Bsartion: MAD Méxn Arserial Prnssue. DEXA, Dol -Bhoesy Xty Absorptiometry:
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Study SMD 95%Cl P(Merge effect)
Ahmadi etal. (2021) 141 082,200 <0.0001 88
AmiltonVicira etal. (2015) 131 074,187 <0.0001 88
Cheetal. (2022) 125 0.70, 1.80 <0.0001 87
Dankel et al. 2017) 126 071,181 <0.0001 87
Duarte de Oliveira et al. (2023) 137 078,196 <0.0001 88
Henrique etal. (2019) 141 082,200 <0.0001 88
Jessee etal. (2017b) 140 080,199 <0.0001 88
Mattocks et a. (2019) 137 078,196 <0.0001 88
Lei (2023) 139 080,197 <0.0001 88
Zhiyuan et al. (2022) 139 080, 180 <0.0001 88
Madarame et al. (2010) 125 070,179 <0.0001 87
Netoetal. (2017) 143 084,201 <0.0001 88
Netoetal. (2017) 142 084,201 <0.0001 88
Rodrigues et al. (2023) 148 095,202 <0.0001 86
Rochl etal. (2023) 132 075, 1.89 <0.0001 88
Salagas et al. (2022) 153 101,204 <0.0001 85
Thiebaud et al. (2014) 142 0.83,2.00 <0.0001 88
Wang et al. (2023b) 138 079,197 <0.0001 88
Yasuda et al. (2009) 140 081,199 <0.0001 88
Yasuda et al. (2014) 129 073,186 <0.0001 88
Yasuda et al. (2014) 134 076,192 <0.0001 88
Yasuda et al. (2015) 138 079,196 <0.0001 88
Yasuda et al. (2015) 147 090,203 <0.0001 87
Zhang (2023) 138 079,197 <0.0001 88
Zhao (2023) 138 079,198 <0.0001 88
Overall 138 081,194 <0.0001 88

B e e e o R sl e e e e e e
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Country Age (years) N (E.G../CG) Intervention Plan (BFR Outcome

(E.G.,/CG) intensity) extracted

Zhang (2023) China 2020£0.92 10710 BFR/No BER 4setsof 8 BPT
repetitions ofbench | RPET
press at 30% 1RM
(140 mmHg)

Serrano- Spain 23641 14/14 BFR/No BFR 3 repetitions of BPT
Ramon etal. (2023) bench press at 60%
1RM (80% AOP)

Duarte de Oliveiraetal. Brazil 27.1£50 16/16 BER/No BER 4setsof 30-15-15-15 | RPET
(2023) times 20% 1RM

bench press

(150 mmHg)

Lei (2023) China 23.67%1.73 10/10 BER/No BFR 3setsof 8 RPET
repetitions of bench
press at 70% 1RM
(180 mmHg)

Ahmadi et al. (2021) Canada 247449 13/13 BER/No BFR 30-s maximal MVC |
voluntary VAST

contraction of elbow

flexion(100% AOP)

Borges et al. (2018) Portugal 20220 62162 BFR/No BFR 4 groups of MvCt
30-15-15-15 times
20% 1RM elbow

flexors (137.90 +
11.8 mmHg)
Zhao (2023) China 194123 20120 BFR/No BER 15-20 repetitionsof | MVC BB]
pull-ups RPET
(150 mmHg)
Neto etal. (2017) Brazil 18+0.82 10110 BFR/No BFR 4sets of 30-15-15-15 | RPENS
times 20% 1RM BPNS

bench press (16380 | BLAT
+10.52 mmHg)

Jessee et al. (2017a) USA 18~35 29/29 BFR/No BFR 4 groups of MVC|
30-15-15-15 times

30% IRM elbow
flexors (30% AOP)

Jessee et al. (2017b) USA 242 14/14 BFR/No BFR 4 groups of RPET
30-15-15-15 times

30% 1RM elbow
flexors (40% AOP)

Cheetal. (2022) China 23631 10/10 BFR/No BFR 4 groups of RPET
30-15-15-15 times
30% 1RM bench

press (160 mmHg)
Madarame et al. Japan 263£3.1 919 BER/No BER ‘The first set of 30 BLAT
(2010) repeitions was
followed by the

second and third
sets to failure with
30% IRM of elbow

flexors (130 mmHg)
Mattocks et al. UsA 215£24 20120 BER/No BER 4'sets of 30-5 15% RPET
(2019) 1RM elbow flexors
(80% AOP)
Zhiyuan etal. (2022) China 287271 10710 BFR/No BFR 4sets of 30 BLANS

repetitions of elbow | RPET
flexors at 30% IRM
(30 mmHg)

Roehl et al. (2023) USA 294243 15/15 BER/No BER 3 repetition of VAST
common rotator cuff
exercises at IRM
(170 mmHg)

Henrique et al. Brazil 2304267 1313 BFR/LL 4setsof 8 EFIT
(2019) repetitions of elbow RPET
flexors at 30% IRM
(20 mmHg)

‘Wang et al. (2023b) China 30~45 15/15 BER/No BFR 4setsof 15 BLAT
repetitions of elbow

flexors at 20~30%

IRM (30 mmHg)

Buckner et al. (2018) USA 212 222 BER/No BFR 4sets of elbow MVC BB|
flexors to failure at
15% IRM (40%
AOP)

Lambert etal. (2014) USA 18~45 16/16 BER/No BFR 4 groups of EFT
30-15-15-15 times

20% 1RM dumbbell

scaption (50% AOP)

AmiltonVieira et al. USA 22438 1313 BER/No BFR 3sets of elbow RPET
(2015) flexors to failureat | BLAT
50% IRM
(110 mmHg)

Dankel etal. (2017) USA 263 1010 BER/No BFR 25ets of elbow RPET
flexors to failure at
70% 1RM (70%
AOP)

Yasuda et al. (2015) Japan 2745 10710 BFR/No BFR 4sets of elbow RPE|
flexors to failureat | BLAT
20% IRM
(160 mmHg)

Carla Florianoviczetal. Brazil 21%167 58/58 BER/No BFR 10sets of 6 Gst
(2020) repetitions of wrist
curl at 40% 1RM
(140 +12.79 mmHg)

Wilk et al. (2020) Poland 2324266 12112 BER/No BFR 1 repetition of bench | BPT
press at IRM (100%

AOP 135+

16 mmHg)

Salagas etal. (2022) Greece 25846 1212 BER/No BER 4setsof 12-srapid | RPE|
bench press at 60%

1RM (100% AOP,

146 + 15 mmHg)

Rodrigues et al. Brazil 29959 15/15 BER/No BFR I repetition ofbench | BPT
(2023) press at IRM RPE|
(170 mmHg)
Sun et al. (2020) China 252£40 8/8 BER/No BER 6sets of dumbbell EF|
curls to failure at
50% IRM
(200 mmHg)
‘Thiebaud et al. USA 24332 99 BER/No BFR 4 groups of MVC BB]
(2014) 30-15-15-15 times MST
30% 1RM elbow
flexors (120 mmHg)
Zhang (2021) China 25£27 20120 BER/No BER 6setsof § EF{

repetitions of elbow
flexors at 30% IRM
(110 mmHg)

Yasuda et al. (2009) Japan 241432 10/10 BFR/No BFR 4 groups of RPE NS
30-15-15-15 times
20% 1RM elbow

flexors (160 mmHg)
Yasuda et al. (2014) Japan 23~41 99 BFR/No BFR 4 groups of RPE NS
30-15-15-15 times BLAT
20% 1RM elbow
flexors

(170-260 mmHg)

Zhiyuan et al. (2022) China 19.7£32 10110 BFR/No BFR 4 groups of BPT
30-15-15-15 times

30% 1RM bench
press (160 mmHg)

NS, no statistical significance; MVC, maximum voluntary contraction; | represents a significant increase; | represents a significant decrease; BR, maximum strength of bench press; RPE, rate of
perceived exertion; MS, muscle soreness; BLA, blood lactate; VAS, visual analog scale; MS, muscle soreness, EF, maximum strength of elbow flexors, LL, low load exercise; BB, biceps brachii;
GS, grip strength; AOP, arterial occlusion pressure.
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Research features

Exercise mode

Exercise intensity

Compressive strength

N, no applicable.

Subgroup standard Study 95%CI 2 P (Heterogeneity)
(sample) (%)
Bench press 6(71) 040 0.07,0.74 0.02 0 0.54
Elbow flexors 9(192) 017 031,064 0.50 79 <0.0001
Pull-up 1(20) 084 019,148 0.01 N N
Wrist curl 1(58) 117 0.78,1.57 <0.0001 N N
<30% IRM 9(168) 030 0.09,0.52 <0.006 34 <015
40%~70% IRM 4(80) 116 083,150 | <0.0001 0 0.99
Maximal effort 6(73) -054 | -0.87,-021 | 0.002 49 011
Self weight 1(20) 084 019, 1.48 0.01 N N
<40% AOP 3(64) -024 | -122,075 0.64 86 0.0009
40%~60% AOP 3(3) 052 ~0.40,1.43 027 76 0.01
260% AOP 11(232) 050 0.16,0.84 0.002 63 <0.004
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Research features

Measurement tool

Exercise intensity

Compressive strength

N, no applicable.

Subgroup standard Study 95%CI P 2 P (Heterogeneity)
(sample) (%)
RPE 16(204) L 036,1.87 0.004 90 <0.0001
Muscle soreness 109) 055 040,150 025 N N
VAS 2(28) 688 | -633,20.10 031 98 <0.0001
Blood lactate 6(66) 215 1.06,3.23 0.0001 82 <0.0001
<30% IRM 11131 138 0.38,2.38 0.007 91 <0.0001
40%~70% IRM 4(46) 285 224,347 | <0.0001 0 0.61
Maximal effort 8(95) 261 214,307 <0.0001 0 051
Self weight 2(33) -L14 | -175,-053 v 0.0002 . 0 032
<40% AOP 5(67) 076 001,154 005 88 <0.0001
40%~60% AOP 7(101) 166 096,235 <0.0001 7 0.0005
260% AOP 13(139) 264 135,422 0.0001 88 <0.0001
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Study SMD 95%ClI P(Merge effect)
Ahmadi et al. (2021) 039 0.04,075 0.03 72
Buckner etal. (2018) 040 0.05,0.76 0.03 7
Henrique et al. (2019) 034 002,069 007 78
Jessee et al. (2017a) 046 017,075 0.02 6
Lambert et al. (2014) 029 005,063 0.09 76
Zhiyuan etal. (2022) 035 -001,071 0.05 78
Borges et al. (2018) 039 001,076 0.05 78
Neto etal. (2017) 036 0.00,0.72 005 79
Rodrigues et al. (2023) 037 001,074 0.04 78
Serrano-Ramon et al. (2023) 031 ~0.04,067 0.08 77
Sunetal. (2020) 032 ~0.03,0.67 0.07 78
‘Thiebaud et al. (2014) 039 003,074 0.03 78
Carla Florianovicz et al. (2020) 029 003,061 0.08 70
Wilk et al. (2020) 037 001,073 0.04 79
Zhang (2021) 037 0.00,073 0.05 79
Zhang (2023) 037 001,073 0.04 78
Zhao (2023) 033 033,069 0.07 78
Overall 036 002,070 0.04 77
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x: sample size of the BFR, PT: proximal thigh, PUL: proximal upper limb, AOP: arterial occlusion pressure, Reps: repetitions, & times, wk: week, Ichours, :mean and SD.
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| [e] df diff

Exercise Mode AT 1 ‘ 10 1 07045 [-0.1836; 1.5925] 0.06 1 0.8145

RT 18 ‘ 18 2 05710 [-0.1023; 1.2444]

AT: Aerobic Training RT: Resistance Training BFRn: Sample size of BER group; CONn: Sample size of the Control group; K: Number of studies; ES: Effect Size; 95%-CI: 95% Confidence
Interval; Q: Heterogeneity statistic; df: Degrees of Freedom; Py P-value for difference.
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| [e] df diff

Exercise Mode AT 32 ‘ 31 2 04507 [-0.0510; 0.9523] 049 1 0.4841

RT 48 ‘ 46 4 02053 [-0.2067; 0.6173]

AT: Acrobic Training; RT: Resistance Training; BFRn: Sample size of BFR group; CONn: Sample size of the Control group; K: Number of studies; ES: Effect Size; 95%-CI: 95% Confidence
Interval; Q: Heterogeneity statistic; df: Degrees of Freedom; Py P-value for difference.
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