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Abstract

Background

Blood-flow restriction in combination with low-loads resistance training can increase muscle
mass and strength, but it remains uncertain to what degree these adaptations can measure up to
conventional high-load strength training. The objective of the study was to conduct a systematic
review and meta-analysis on the literature comparing the longitudinal effects of low-load blood-
flow-restricted resistance training with high load resistance training on skeletal muscle

hypertrophy and strength.

Methods

Scopus, SPORTSDiscus & MEDLINE/PubMed databases were searched for studies based on
the following inclusion criteria: (1) had an experimental design; (2) was published in a peer
reviewed, English-language journal; (3) compare low-load (<40% of 1RM) resistance training
with blood-flow-restriction training and high-load (>60% of 1RM) resistance training regarding
estimated changes in muscle mass and/or muscular strength; (4) had a minimum duration of
four weeks for strength measures, and six weeks for hypertrophy measures; (5) only included

healthy individuals above 18 years of age; and (6) had a Testex-score above 6.

Results

25 studies were included in the analysis. The main findings were that there were no significant
differences between the two training methods regarding changes in muscle hypertrophy, but for
strength there were significantly differences favoring high loads. When only including upper-
body outcomes, there were no significant differences in strength improvements between groups.
These results did not differ when grouping by age-groups, but the occlusion pressure seems to
affect the strength-results, with narrower cuffs favoring high loads, while wider cuff widths

showed no significant differences between protocols.
Conclusion

Our findings indicate that both blood flow restriction and high load-training are equally
effective in enhancing skeletal muscle hypertrophy. However, our results suggest that high
load-training may be more effective than blood flow restriction in increasing overall and lower-
body strength, whereas blood flow restriction are equally effective as high load training in

enhancing upper-body strength.
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Introduction

Maintaining and improving skeletal muscle mass is vital for quality of life, enabling individuals
to carry out daily activities and enhancing sport performance, strength, power, caloric
expenditure, and basal metabolic rate (Schoenfeld, 2020). Inactivity and disuse of the skeletal
muscle may lead to atrophy, reducing the capacity of normal movement. While a typical
hypertrophy and strength resistance training program for untrained to intermediately trained,
healthy, adults usually involve carrying out sets with 3-10 repetitions at >60% of maximal
capacity with 2-5 minutes rest between sets (Garber et al., 2011; Ratamess et al., 2009). heavy
load resistance training can sometimes be challenging or harmful to certain individuals, such as
elderly, individuals with chronic disease or individuals undertaking rehabilitation. Therefore,
in the recent years, studies examining blood flow restriction (BFR) is intriguing, as it has shown
potential to stimulate to muscular adaptions at even as low loads as <25% of maximal capacity
(Lixandrao et al., 2018).

BFR is accomplished by the application of external pressure over the proximal portion of the
lower or upper extremities. Usually using blood pressure cuffs, tourniquets, or elastic bands.
This is sufficient to maintain arterial inflow, while resisting venous outflow of blood distal to
the occlusion site. This reduces intramuscular oxygen delivery and decreases venous ability to
clear out metabolites, which usually leads to an earlier onset of fatigue, practically demonstrated

by a reduction in repetitions during resistance training sets. (Pope et al., 2013).

The underlaying mechanisms that may make BFR an effective strategy remains somewhat
controversial and may involve metabolic stress, muscle fiber recruitment and mechanic tension.
BFR causes hypoxia in the working muscles as they are depleted of oxygen, which leads to an
accumulation of metabolites, and thereby may contribute to an increase in muscle mass (Hwang
& Willoughby, 2019; Vanwye et al., 2017).

Furthermore, BFR increases muscle fiber recruitment, probably by the hypoxia conditions in
the muscles causing a deficit in overall force development due to fatigue, in which the additional
motor-units may be recruited to compensate. Thereby, the fast-twitch muscle fibers may be

recruited more quickly even if the absolute intensities are low (Hwang & Willoughby, 2019).

Several previous reviews regarding BFR training have been conducted (Centner et al., 2019;
Grgnfeldt et al., 2020; Hughes et al., 2017; Lixandrao et al., 2018; Pope et al., 2013; Wortman



et al., 2021). However, the reviews examining the training effect of high-load tradition training
vs. low-load BFR on strength and skeletal muscle hypertrophy are several years old (Grgnfeldt
et al., 2020; Lixandrao et al., 2018), and there has been a growing number of studies comparing
BFR training vs high load (HL) training. As a result, there is need for an up-to-date systematic
review and meta-analysis, to provide a more currently understanding of the effect of BFR
training on muscle strength and hypertrophic adaptations.

Therefore, the aim of the study was to conduct a systematic review and meta-analysis on the
literature comparing the longitudinal effects of low load BFR resistance training with high load
resistance training on skeletal muscle hypertrophy and strength. The secondary objective was
to explore the results, by taking different potential moderators into account, such as age-group,

different body-parts, occlusion pressure prescription and different types of strength tests.

Materials and methods

The systematic review follows the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines, PRISMA (Page et al., 2021).

Eligibility criteria

The review includes studies that (1) had an experimental design; (2) is published in a peer
reviewed, English-language journal; (3) compared low-load (<40% of 1RM) resistance training
with blood-flow-restriction training and high-load (>60% of 1RM) resistance training regarding
estimated changes in muscle mass and/or muscular strength; (4) had a minimum duration of
four weeks for strength measures, and six weeks for hypertrophy measures; (5) only included
healthy individuals, free of injury, above 18 years of age; and (6) had a Testex-score above 6,

which is considered “fair quality”.

Literature search
Scopus, SPORTSDiscus & MEDLINE/PubMed databases were searched for all studies

investigating the effects of blood flow restricted resistance training on muscle hypertrophy
and/or strength up to 28. January 2023. The search process was conducted using the following
search syntax: “blood flow restriction” OR “occlusion training” OR “KAATSU” OR “ischemi
training” OR “vascular occlusion” AND ‘“hypertrophy” OR “muscle mass” OR “muscle
strength” OR “muscle force”. Secondary searches were performed by screening reference lists
of the identified studies. The identified studies were exported to Rayyan

(https://www.rayyan.ai/), where duplicates were removed. Title and abstract of the remaining


https://www.rayyan.ai/

studies were screened for the predefined inclusion. Where a decision based on title or abstract
was not possible, a full text search was performed.

Data extraction
First authors name and year of publication, number of participants (N), mean age of

participants, training status, duration of the intervention (in weeks), exercises prescribed, an
overview of the training-intervention, methods of measurements, assessment of hypertrophy
and/or strength (pre-post means + standard deviations) was extracted and tabulated on a

predefined Microsoft excel coding sheet.

Methodological quality
The 12-point TESTEX scale was used to assess the methodological quality of the identified

studies, as it is shown to be specific to exercise studies (Smart et al., 2015). The TESTEX scale
contains 12 questions, but due to some of the questions having a, b and c questions, a total of
15 points can be received. 5 of the points can be given for study quality, and 10 of the points
addresses how and what results is reported. The questions have one or more criteria, which
must be fulfilled to receive a point, if not 0 is given. The studies are classified based on sum of
scores; “excellent quality” (12-15 points), “good quality” (9-11 points), “fair quality” (6-8
points), or “poor quality” (<6 points).

Statistical analysis

Comprehensive Meta-Analysis version 3 software (Biostat Inc., Englewood, NJ, USA) was
used to run the statistical analysis. The core analysis contains a between group comparison of
the effect on hypertrophy and on strength.

Hedge's g was used as effect size, as it corrects for bias regarding small sample sizes
(Borenstein et al., 2021). Where only confidence-interval's (Cl) were stated, standard
deviations were obtained by dividing the confidence intervals length by 3.92 and then
multiplying it by the square root of the sample size, as described in Higgins et al. (2019). Since
none of the included studies reported the correlation coefficient, which was required to perform
the analysis, similar studies with open datasets were examined for the correlation coefficients
as proposed by Borenstein et al. (2021). Both of these studies showed correlations of >0.88,
which is considered very high (Higgins et al., 2019). Therefore, a more conservative estimate
of 0.8 was set across all studies, and sensitivity-analysis of more conservative correlation
coefficients (r=0.6) is carried out on the primary analysis to determine if the results were robust
(Higgins et al., 2019).



For the studies with multiple time points for hypertrophy/strength measuring, only pre and post
data were used in the analysis. For the studies with more than one type of measurement, they
were inserted as multiple outcomes and then pooled in the analysis by the mean of outcomes
into one effect size per study to prevent for unit-of-analysis errors (Higgins et al. (2019). As
some of the studies (Lixandrdo et al., 2015; Jessee et al., 2018; Letieri et al., 2018) had more
than one BFR-group that was eligible to participate in the study, they were inserted as different
parts of the study, using a, b & c to tell them apart.

Forest plots were made using the random effect modelling to present the results, as the studies
in the analysis are assumed to be a random sample from a universe of potential studies, showing
hedge’s g, 95% CI, p-value and prediction intervals, provided the data shows a dispersion of
true effects. The alpha level of the meta-analysis was set to 0.05 to function as a criterion for
statistical significance. Effect sizes were considered very large >0.8, large from 0.5-0.8,
moderate from 0.2-0.5 and small from 0-0.2 (Cohen, 1988).

Sensitivity analysis was performed, by the one-study removal test, to check if any of the
individual studies have a large impact on the results, that could bias the analysis. Study
heterogeneity was assessed using Cochran's Q (with an alpha level of 0.10), T2, T & I2. I values
of <30, 31-70 and >71 was considered low, moderate and considerable. Regardless of
heterogeneity, pooled-group analysis was performed, examining how different potential
moderators (such as age-groups, upper- vs. lower-body, specific vs non-specific tests and
different occlusion pressure grouped as <110 mmHg/cuff width of >140mm and >111
mmHg/cuff width <139mm as done in an earlier meta-analysis (Lixandrao et al., 2018) affected

the results.

Publication bias was assessed visual through the funnel plots for asymmetry (Higgins et al.
(2019). If publication bias were suspected, the fill-and-trim method was applied to better

understand how the effect could differ if the missing studies were present.



Results

Delimination of literature
A total of 17602 studies were initially identified, then reduced to 16809 after the duplicates

were removed by Rayan software and the author. 16773 studies were removed when title and
abstract were screened. The remaining 36 articles were fully read, 10 studies were removed
because of inappropriate study-design, one study was removed because of inappropriate
population, and 25 articles were considered eligible according to the eligibility criterion. The

search process is summarized in figure 1.
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syntheses (n = 25)

Figure 1 PRISMA flowchart presenting the searching process.



Subjects
The total number of participants in the included studies was 712, with an average sample size

of 28.5 £ 10.6 (range 15 — 56). Three studies included elderly participants (mean age >59),
while the rest of the studies included younger participants (age range 18-59). Eleven studies
included only males, two studies included only females and the rest of the studies included both
genders. Two studies examined athletes, one study examined resistance trained participants,
one included trained participants, three studies examined recreationally active participants, and
18 studies only included untrained participants. The duration of the studies ranged from 4 to 16
weeks with an average duration of 8.2 weeks. 24 studies assessed changes in muscle strength;
eighteen used specific strength tests (17 studies used 1 repetition maximum (RM) tests, one
study used as many reps as possible (AMRAP) at 60% of 1RM test), 14 used non-specific
strength measurements (isometric and isokinetic strength tests). 16 studies assessed changes in
muscle mass; ten studies used magnetic resonance imaging (MRI), four studies used ultrasound
(US), one study used computerised tomography (CT) and one study used peripheral quantitative
computed tomography (pQCT). Martin-Hernandez et al. (2013) had two different BFR groups,
but as their high-volume-BFR-group had double the volume of HL, and any other BFR-group,
only the low-volume-BFR-group were included, as it is more comparable to the HL group and
training volume has been reported to be a key driver for muscle hypertrophy (Figueiredo et al.,
2018). The characteristics for the studies examining changes in muscle mass were summarised

in table 1, and those examining changes in strength were summarised in table 2.



o Table 1. Overview of the intervention studies assessing BFR and the effect upon muscle hypertrophy.

Study N Classification Weeks Intervention Measurement Changein  Authors conclusion
(sessions) (BFR & HL) of muscle mass
hypertrophy % (BFR &
HL)
Kubo et al. 19 Adult, untrained 12 (36) 20% 25-18-15-12 MRI 7% No significant difference between
2006 males Quadriceps roups.
( ) 80% 4x10 P 7% Jretp
Yasudaetal. 40 Adult, 6 (18)  30% 30-15-15-15 MRI Triceps 4% Significant greater increases for HL-
2011 recreationall roup.
( ) _ Y 75% 3x10 8% Jreup
active
Laurentinoet 29 Adult, untrained 8 (16)  20% 3-4x15 MRI 6% No significant difference between
al. (2012) 80% 3-4x8 Quadriceps 6% groups.
Ozakietal. 19 Adult, untrained 6 (18)  30% 30-15-15-15 MRI sum of 6% No significant difference between
2013 males triceps & roups.
( ) 75% 3x10 P _ 11% Jroup
pectoralis
major
Ellefsen et 15 Adult, untrained 12 (24)  30% 5xfailure MRI 6-9% No significant difference between
al. (2015 females Quadriceps roups.
( ) 75-92% 3x6-10 to failure P 7-10% Jroup
35 12 (24)  20% 2-3x15 4-5%



Lixandrao et
al. (2015)

Vechin et al.
(2015)
Libardi et al.
(2015)
Cook et al.
(2017)
Ramis et al.
(2020)

Jessee et al.
(2018)
Brandner et
al. (2019)

25

36

28

Adult, untrained

males

Elderly
untrained
Elderly
untrained
Elderly
untrained
Adult untrained

Adult untrained

Adult untrained

12 (24)

12 (24)

12 (24)

8 (24)

8 (16)

8 (20)

40% 2-3x15
80% 2-3x10

20-30% 3-4x15
70-80% 3-4x8

20-30% 30-15-15-15
70-80% 4x10

30% 3xfailure

70% 3xfailure

30% 4x volume equated

80% 4x8

15% 4xfailure
70% 4xfailure
20% 30-15-15-15

70% 4x8-10

MRI

Quadriceps

MRI
Quadriceps
MRI
Quadriceps
MRI
Quadriceps
Ultrasound
Biceps brachii
& Quadriceps
Ultrasound
Quadriceps
CT Biceps
brachii,
triceps,
pectoralis
major,
quadriceps,

hamstrings,

0-3%
5%

8%
6%
6%
7%

3-6%

3-9%

0-12%

1-13%

No significant difference between

groups.

No significant difference between
groups.
No significant difference between
groups.
No significant difference between
groups.
No significant difference between

groups.

No significant difference between
groups.

Significant greater biceps
hypertrophy increases for HL group.
No significant differences for other

muscles.



Korkmaz et
al. (2022)

May et al.
(2022)

Davids et al.

(2021)
Kataoka et
al. (2022)

23

26

24

27

Athletes

Adult, untrained

males

Trained adults

Resistance
trained adults

6 (12)

7 (21)

9 (27)

6 (18)

30% 30-15-15-15

70% 4x8-10

20% 30-15-15-15

70% 4x8

30-40% 30-15-15-15
75-80% 4x8
30% 4xfailure

70% 4x failure

calf & tibialis
anterior
Ultrasound

Quadriceps

pQCT
Quadriceps &

hamstrings
MRI

Quadriceps
Ultrasound

Gastrocnemius

8-14%
4-5%

3%

2%

7%
4%
4%

1%

Significant greater increase in RF for
BFR group. No significant
difference in VL increases.

No significant difference between

groups.

No significant difference between
groups.
No significant difference between
groups.

Note: BFR, blood flow restriction; HL, high load; MRI, magnetic resonance imaging; CT; computerised tomography, RF, rectus femoris; VL, vastus

lateralis; pQCT, quantitative computed tomography. The training protocol is reported with intensity in % of 1 repetition maximum and sets x

repetitions.



Table 2 Overview of the intervention studies assessing BFR and the effect upon strength.

Study N Classification  Weeks Intervention Measurement of Strength Authors conclusion
(sessions) strength change %
(BFR & HL)
Kubo et al. 19 Adult, 12 (36) 20% 25-18-15-12  Isometric leg extension 7% No significant difference between
(2006) untrained groups.
ales 80% 4x10 16%
Clark et al. 17 Adult, 4(12)  30% 3x failure Isometric leg extension 6% No significant difference between
(2011) untrained 80% 3x failure 11% groups.
Karabulutet 37 Adultand 6 (18) 20% 30-15-15 1RM leg extension, leg 9-18% Significant greater strength gains in
al. (2010) elderly, press, lat-pulldown, leg extension for HL-group. No
recreationally shoulder press & biceps significant differences for the other
active males 80% 3x8 curl 7-30% exercises.
Yasudaetal. 40 Adult, 6 (18)  30% 30-15-15-15 1RM bench-press & -0.2-8% Significant greater strength gains for
(2011) recreationally isometric triceps HL-group.
ctive 75% 3x10 11-19%
Laurentinoet 29 Adult, 8 (16) 20% 3-4x15 1RM leg extension 40% No significant difference between
al. (2012) untrained groups.
80% 3-4x8 3%
39 5(10) " 2096 30-15-15-15 1%



Martin-
Hernandez et
al. (2013)
Ozaki et al.
(2013)

Ellefsen et
al. (2015)

Lixandrao et
al. (2015)

Vechin et al.
(2015)

Libardi et al.
(2015)

19

35

23

Adult,
recreationally
active males
Adult,
untrained
males

Adult,
untrained

females

Adult,
untrained

males

Elderly

untrained

Elderly

untrained

6 (18)

12 (24)

12 (24)

12 (24)

12 (24)

85% 3x8

30% 30-15-15-15

75% 3x10

30% Sxfailure

75-92% 3x6-10 to
failure
20% 2-3x15

40% 2-3x15

80% 2-3x10

20-30% 3-4x15

70-80% 3-4x8

20-30% 30-15-15-
15
70-80% 4x10

1RM leg extension &

isokinetic leg extension

1RM bench-press

1RM leg extension

1RM leg extension

1RM leg press

1RM leg press

18%

8%

17%

11%

11%

10-13%

12%

21%

17%

54%

24%

37%

No significant difference between

groups.

No significant difference between

groups.

No significant difference between

groups.

Uses magnitude-based interference
and by that standard, there is a trend
towards significantly greater strength
increase in HL-group.

Considered CI that did not cross zero
as significant. By this standard, there
was significantly greater strength
gains for HL-group.

No significant difference between

groups.



Cook et al.
(2017)

Sugiarto et
al. (2017)

Sousa et al.
(2017)

Ramis et al.

(2020)

Letieri et al.

(2018)

Jessee et al.
(2018)
Cook et al.
(2018)

36

18

37

28

56

46

18

Elderly

untrained

Adult,
untrained
males
Adult,
untrained
Adult

untrained

Elderly,
untrained
females
Adult
untrained
Adult

untrained

12 (24)

5 (10)

6 (12)

8 (24)

16 (48)

8 (16)

6 (18)

30% 3xfailure

70% 3xfailure
30% 30-15-15-15
70% 3x12

30% 4xfailure
80% 4xfailure
30% 4x volume
equated

80% 4x8

20-30% 3-4x12
70-80% 3-4x6-8

15% 4xfailure
70% 4xfailure
20% 2x25 +
Ixfailure
70% 2x10 +

1xfailure

1RM leg extension, leg
curl & isokinetic leg
press

Isokinetic biceps curl

Isometric leg extension

Isometric & isokinetic
bicep curl & leg

extension

Isokinetic leg extension

& leg curl

1RM, isometric &
isokinetic leg extension
1RM & isometric leg

extension

43-79%

25-57%

22%

42%

5-127%

11-76%

15-27%

13-30%

-2-14%

17-34%

Significant greater leg press gains for
HL-group. No significant differences
for other exercises.

No significant difference between

groups.

No significant difference between
groups.

Significant greater isometric bicep
curls & isokinetic leg extension for
HL-group. No significant differences
for the other exercises.

No significant difference between

groups.

Significant greater 1RM strength
gains for HL-group.
No significant difference between

groups.



Laswati et al.
(2018)

Brandner et

al. (2019)

Korkmaz et

al. (2022)

May et al.
(2022)

Davids et al.

(2021)

Wang et al.
(2022)

Adult,
untrained
males
Adult

untrained

Athletes

Adult,
untrained
males

Trained adults

Athletes

5 (10)

8 (20)

6 (12)

7 (21)

9 (27)

8 (24)

30% 4x30

70% 3x12

20% 30-15-15-15
70% 4x8-10

30% 30-15-15-15
70% 4x8-10

20% 30-15-15-15
70% 4x8

30-40% 30-15-15-
15
75-80% 4x8

30% 30-15-15-15

70% 4x8

Isokinetic bicep curl 47%
27%
1RM leg extension, 11%
back-squat, calf raise, 21%
Bench press, seated row
& bicep curl
Isokinetic leg extension 10-13%
& leg curl 0-2%
1RM leg extension & leg 11-19%
curl 16-19%
1RM back-squat, 5-15%
isokinetic leg extension
& leg curl 2-17%
Isokinetic leg extension 10%
& leg curl, 1RM half- 17%

squat

Significant greater isokinetic strength

gains for BFR-group.

Significant greater seated row
strength increases for HL-group. No
significant difference for strength
increases in the other exercises.
Significant greater LE gains in BFR-
group. No significant differences for
LC.

No significant difference between

groups.

Significant greater squat strength
increases in HL group. Trend
towards greater isokinetic leg curl
strength gains in BFR group.
Significant greater strength gains in

HL-group.




Note: BFR, blood flow restriction; HL, high load; 1RM, one repetition maximum; CI, confidence interval; LE, leg extension; LC, leg curl. The training
protocol is reported with intensity in % of 1 repetition maximum and sets X repetitions.



Quality assessment
The results from the TESTEX quality assessment are presented in table 3. The scores ranged

from 8-14, with an average score of 9.6. The scores of study quality criteria ranged from 1-5
with an average score of 2.5. The scores of study reporting criteria ranged from 5-9 with an
average score of 7.2. Eight studies were considered “fair” quality (Clark et al., 2011; Gil et al.,
2017; Kubo et al., 2006; Libardi et al., 2015; Lixandrdo et al., 2015; Ozaki et al., 2013; Sousa
etal., 2017; Sugiarto et al., 2017; Vechin et al., 2015; Wang et al., 2022), Twelve studies were
considered “good” quality (Brandner et al., 2019; Cook et al., 2018; Ellefsen et al., 2015; Jessee
et al., 2018; Jones et al., 2023; Kataoka et al., 2022; Korkmaz et al., 2022; Laswati et al., 2018;
Laurentino et al., 2012; Martin-Hernandez et al., 2013; May et al., 2022; Ramis et al., 2020;
Yasuda et al., 2011), and four studies were considered “excellent” quality (Cook et al., 2017
Davids et al., 2021; Karabulut et al., 2010; Letieri et al., 2018).



Table 3, TESTEX quality assessment.

123 45 6a6b 6c 7 8a 8 9 10 11 12 T(‘r)rfgi(s‘i%r)e
Kubo et al. (2006) 000101 0 0 11 1 11 0 1 8
Clark et al. (2011) 100001 0 0 01 1 11 1 1 8
Karabulut et al. (2010) 111001 1 1 01 1 11 1 1 12
Yasuda et al. (2011) 101101 0 O O0O1 1 11 0 1 9
Laurentino et al. (2012) 101101 1 0 01 1 11 1 1 11
Martin-Herndndezetal.(2013) 1 0 1 1 0 1 0 O 01 1 1 1 0 1 9
Ozaki et al. (2013) 100101 0 0 01 1 11 0 1 8
Ellefsen et al. (2015) 101100 1 0 01 1 11 1 1 10
Lixandréo et al. (2015) 101100 0 O0 01 1 11 0 1 8
Vechin et al. (2015) 100001 O O OI1 1 11 1 1 8
Libardi et al. (2015) 100101 0 0 01 1 11 0 1 8
Cook et al. (2017) 111101 1 0 11 1 11 1 1 12
Sugiarto et al. (2017) 100101 0 O 01 1 11 0 1 8
Sousa et al. (2017) 100101 0 O 01 1 11 1 1 9
Ramis et al. (2020) 100101 1 1 01 1 11 0 1 10
Letieri et al. (2018) 111111 1 1 01 1 11 1 1 14
Jessee et al. (2018) 101111 1 1 01 1 11 0 1 11
Cook et al. (2018) 0101011 1 01 1 11 1 1 11
Laswati et al. (2018) 100101 0 0 01 1 11 1 1 9
Brandner et al. (2019) 101101 1 0 01 1 11 1 1 11
Korkmaz et al. (2022) 101101 0 O O0O1 1 11 0 1 9
May et al. (2022) 101101 0 O O0O1 1 11 0 1 9
Davids et al. (2021) 110101 1 1 01 1 11 1 1 12
Kataoka et al. (2022) 100101 1 0 01 1 11 1 1 10
Wang et al. (2022) 100101 0 0 01 1 11 0 1 8
Average 9.6
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Between group comparison on changes in muscle size

The meta-analysis revealed no significant differences in hypertrophy between the BFR-group
and the HL-group (figure 2), with a Hedge's g of -0.060 (95% CI =-0.241t0 0,121; p = 0.516).
One-study-removal test showed that none of the individual studies had any large impact on the
results. Since the Q-value is less than its degrees of freedom (p=0.807), we can assume that the
studies are somewhat homogene, which also can be observed by the overlap of confidence
limits across studies. Any variance in effects can therefore likely be a result of sampling errors,

rather than true variance (12=0).

Study name Statistics for each study Hedges's g and 95% C1
Hedges's Lower Upper
g limit Immit  p-Value
Kubo et al. (2006) 0137 0744 1.019 0.760
Yasuda et al. (2011) -0330  -1.175 0516 0.445
Laurentino et al. (2012) -0.161 -1.023 0.701 0.714
Ozaki et al. (2013) -0.343  -1.210 0524 0438

Ellefsen et al. (2015) -0.147  -0921 0628 0.710
Lixandrdo et al. (2015)a -0.325 -1.175 0.525 0453
Lixandrdo et al. (2015)b -0.303 -1.115 0.509 0.464
Lixandrdo et al. (2015)c -0.179 -1.085 0.727 0.699
Lixandrdo et al. (2015)d -0.050 -0910 0.811 0.910

Vechin et al_ (2015) -0.524  -1.468 0420 0276
Libardi et al. (2015) -0.047 -0932 0.839 0918
Cook et al. (2017) 0.205  -0.569 0.980 0.604
Ramis et al. (2020) -0.179  -0903 0.544 0.627
Jessee et al. (2018)a -0.354 -1.205 0497 0.415

Jessee et al. (2018)b -0.174  -1.015 0.668 0.686
Brandneretal (2019) -0.289 -1.104 0.526 0.487
Korkmaz etal (2022) 0.657 -0.157 1471 0.114
May et al. (2022) 0.070 -0.835 00976 0.879
Davids et al. (2021) 0.059 -0.763 0.881 0.888
Kataoka et al. (2022) 0341 -0.188 0.871 0207

Pooled -0.060 -0241 0121 0.516
Overall effect on hypertrophy -4.00 -2.00 0.00 2.00 4.00
Q= 9.542 p=0.963 T?=0.000 T= 0.000 I’=0.000 Favours HL Favours BFR

Figur 2. Forest plot displaying the effect size difference for muscle hypertrophy between high-
load (HL) training and blood flow restriction (BFR) training. Different letters for the same study

represent different protocols.

Upper- & lower-body

No differences between groups were evident when only examining the lower body (g=-0.019,
95% CI from -0.208 to 0.171 p= 0.845). Only examining upper-body muscles resulted in a
Hedge's g of -0.348 (95% CI = -0.752 to 0.056; p = 0.092). Removing the studies with muscles
proximal to the occlusion cuffs changed hedges g to -0.384 (p= 0.100).
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Occlusion pressure

Pooling studies according to the occlusion pressure resulted in no significant differences in
hypertrophy between the BFR-group and the HL-group (figure 3), either for narrow cuffs
(9=0.040, p=0.729) or wide cuffs (-0.231, p=0.128).

g'rlil%lp by Study name Statistics for each study Hedges's g and 95% CI
u
Hedges's Lower Upper
g limit  limit p-Value
Narrow Brandner etal (2019) -0289  -1.104 03526 0487
Cook etal. (2017) 0.205 -0.569 0980 0.604

Davids et al. (2021) 0.059 -0.763  0.881 0.888
Jessee etal. (2018)b -0174 1015 0668 0.686
Kataoka et al. (2022) 0341 -0.188 0.871 0.207
Korkmaz etal (2022)  0.657 -0.157 1471 0114
Kubo et al. (2006) 0.137 -0.744  1.019 0.760
Lixandrio etal (2015)b -0303  -1.115 0509 0464
Lixandrio etal (2015)d -0.050 -0910 0811 0810

May et al. (2022) 0.070 -0.835 09576 0879
Ozaki et al. (2013) -0343 1210 0524 0438
Yasuda et al. (2011) -0330 -1.175 0516 0445
Pooled 0.040 -0.188 0268 0.729

Wide Ellefsen et al. (2013) -0.147 0921 0628 0710
Jessee etal. (2018)a -0.354 1205 0497 0415
Lavrentino etal (2012) -0.161  -1.023 0701 0714
Libardi et al. (2015) -0.047 0932 0839 0918
Lixandrdo etal (2015)a -0325  -1.175 0525 0453
Lixandrdo etal (2015)c -0.179  -1.085 0727 0699

Ramus et al. (2020) -0.179 0903 0544 0627
Vechin et al. (2015) -0.524 -1468 0420 0276
Pooled -0.231 -0528 0067 0128
-4.00 -2.00 0.00 2.00 4.00
Hypertrophy — pooled by occlusion-cuff Favours HL Favours BFR
Narrower cuff: 211 1mmHg/ £139mm Q=6.765 p=0.818 T>= 0 T=0I>=0
Wider cuff:=110/ =140mm Q=0.768 p=0.998 T>=0 T=01=0

Figur 3. Forest plot displaying the effect size difference for muscle hypertrophy between high-
load (HL) training and blood flow restriction (BFR) training according to occlusion cuff with,

Different letters for the same study represent different protocols.

Age

Pooling by age (under 60 vs 60+) revealed similar patterns as the overall effects (under 60: g=
-0.058, 95% CI ranged from -0.252 to 0.137; p=0.561. For 60+: g=-0.075, 95% CI from -0.571
t0 0.421; p = 0.766).

Failure

Only five of the studies reported that the participants performed sets to failure. When grouping
studies based on performing sets to failure, the analysis revealed no differences between groups
for either those going to failure (g=0.060, p=0.715) or those not performing sets to failure (g=
-0.116, p=0.300).
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Between group comparison on changes in strength

The analysis revealed a significant difference favouring HL-group when comparing changes in
strength, with effect-size-confidence interval ranging from small to large (g = -0.365, 95% CI
from -0.568 to -0.162; p <0.001, figure 4). The prediction interval ranged from -1.059 to 0.329,
meaning that the true effect size in 95% of all comparable populations falls in this range. One-
study-removal sensitivity analysis revealed that none of the individual studies had any large
impact on the results. The Q-value reveals that the observed effects vary more than would be
expected based on within-study-errors (Q=42.210, p=0.041). 33% of this observed variance can

be considered due to differences in real effects.

Studv name Statistics for each study Hedges's g and 95% CI
Hedges's Lower Upper .
g limit  Limit Pp-Value
Kubo et al. (2006 -0.441 -1332 0451 0333
Clark et al. 5201 1; -1.071 -2076 -0.066  0.037 ——
Karabulut et al. (2010) 0.760 -0079 1598 0076
Yasuda et al. (2011) -0.753 -1624 0119  0.090
Laurentino et al. (2012 0.766 -0.128 1660  0.093
Martin-Hernandez et al. (2013) -0.483 -1326 0360 0262
Ozaki et al. (2013) -0.620 -1502 0263  0.169
Ellefsen et al. ag:ams) 0.012 -0.760 0785 0975
Lixandrio et al. (2015)a -0.713 -1585 0.159  0.109
Lixandrio et al. (2015)b -0.615 1441 0212 0145
Lixandrio et al. (2015)c -0.630 -1558 0299  0.184
Lixandrio et al. (20135)d -0.579 -1458 0301  0.197
Vechin et al. (2015 -0.309 -1452 0434 0290
Libardi et al. (2015 -0.452 -1350 0446 0324
Cook et al. (201?3 -0.852 -1669 -0.035 0.041
Sugiarto et al. (2017) 0.773 -0318 1864  0.165
Sousa et al. (2017) -0.818 -1676 0041  0.062
o Sl (018 005 osss 0897 o813
efiert et al. e =l = i R
Letieri et al. (2018)b -1.000 -1840 -0.161  0.020 —l—
Jessee et al. %201833 -1.167 -2.184  -0.150  0.025 T——i—
Jessee et al. (2018)b -1.025 -1986 -0.063 0.037 —l—
Cook et al_agzms) -0.726 -1810 0339  0.190 —
Laswati et al. (2018) 0.655 -0422 1731 0234 —1—
Brandner et al. (2019 -0.309 -1.119 0501 0455 -l
Korkmaz et al. (2022 0.520 -0292 1332 0209 -
May et al. 2022% -0.390 -1310 0529 0405 —l—
Davids et al. (2021) 0190  -1023 0643 0655 —ii—
Wang et al. (2022) -0.844 -1947 0259 0134 i
Pooled -0.365 -0568 -0.162  0.000 »>
Prediction Interval -0.365 -1.059  0.329 -
-4.00 -2.00 0.0n 200 4.00
Overall effect on strength Favours HL Favours BFR

Q42.210 p=0.041 T?= 0.104 T=0.322 [*=33.666

Figur 4. Forest plot displaying the effect size difference for muscle strength between high-load
(HL) training and blood flow restriction (BFR) training. Different letters for the same study
represent different protocols.

Age

Similar patterns could be observed when pooling for age, with hedge's g favouring HL for both
groups, but with a bit larger effect-size for those over 60 years old (under 60; g = -0.318, 95%
Cl: -0.553 to0 -0.083; p = 0.008. And 60+; g = -0.579, 95% CI: -0.961 to -0.198; p = 0.003)
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Upper- & lower-body

When only including upper-body-strength, there were no significant difference between groups
(g =-0.145, 95% CI= -0.545 to 0.255; p=0.477, figure 5). For lower body strength the results
were similar to the one of the overall-strength analysis (g = -0.361, 95% CI from -0.615 to -

0.107; p = 0.005). Sensitivity analysis showed that none of the studies had any large impact on

that result.

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper

g limit limit p-Value
Karabulut et al. (2010) 0.113 -0.686 0912 0.782
Yasuda et al. (2011) -0.753 -1.624 0.119 0.090
Qzaki et al. (2013) -0.620 -1.502 0.263 0.169
Sugiarto et al. (2017) 0.773 -0.318 1.864 0.165
Ramis et al. (2020) -0.367 -1.099 0.365 0325
Laswati et al. (2018) 0.655 -0.422 1.731 0.234
Brandner et al. (2019) -0.313 -1.124 0.498 0.449
Pooled -0.145 -0.545 0.255 0477
Prediction Interval -0.145 -1.079 0.788
-4.00 -2.00 0.00 2.00 4.00
Upper-body strength
Q=8.719 p=0.19 T?>=0.090 T=0.300 ’=31.182
Favours HL Favours BFR

Figur 5. Forest plot displaying the effect size difference for muscle strength between high-load
(HL) training and blood flow restriction (BFR) training, when only including upper-body

outcomes.

Test-specificity

For test-specificity, both the non-specific and the specific test group favoured control-group
conditions, but the effect for non-specific tests can be considered moderate (i.e., isometric &
isokinetic; -0.379, 95% CIl=-0.667 to -0.090; p= 0.010. With a prediction interval from -1.283
to 0.526), while for specific tests it can be considered large (i.e., 1IRM & AMRAP; g = -0.580,
95% CI =-0.907 to -0.254; p<0.000. With a prediction interval from -1.893 to 0.732). When
only including non-specific tests, and grouping them by isokinetic and isometric, the isokinetic
showed no difference between groups (g=0.087, 95% CI from -0.537 to 0.363, p=0.703), while
the isometric strength test favoured HL-training with a very large effect-size (-0.885, 95% CI
from -1.261 to -0.509, p<0.000).
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Occlusion pressure

Pooling studies according to occlusion pressure resulted in no significant difference between
groups for those studies with wider cuffs (g = -0.223, 95% CI = -0.536 to 0.089; p = 0.162),
with a prediction interval of -1.071 to 0.624. For those with narrower occlusion cuffs the results
were similar to the overall strength analysis (g = -0.477, 95% CI = -0.740 to -0.214, p< 0.000),
but with a bit lower upper limit of the prediction interval, which ranged from -1.154 to 0.199,

as demonstrated in figure 6.

Group by Study name Statistics for each study Hedges's g and 95% CI
Cuff Hedges's Lower Upper .
g limit It p-Value
 Brandner etal (2019) 0309 -1.119 0501 0455 —H—

Narrow Clark et al. (2011 -1071 2076 -0066  0.037 ——

Cook et al. (2017 0852 -1669 -0.035 0041 ——

Cook etal (2018 0726 -1810 0359 0190 —

Davids et al. (2021 0190 -1.023 0643 0655 ——

Jessee et al. (2018) -1.025 -198 -0.063 0037 —

Karabulut et al. 52010) 0760 -0079 1598 0076 ———

Korkmaz et al. (2022) 0520 -0292 1332 0209 s

Kubo etal. (2006% 0441 -1332 0451 0333 —1—

Letieri et al. (2018)b -1.000  -1.840 -0.161  0.020 ——

Lixandrio et al zmsgb 0615 -1441 0212 0145 —i—

Lixandrio et al (2015)d 0579 -1458 0301  0.197 — 1

Ozaki et al_(2013) 0620 -1502 0263 0169 —a—1

Yol o am oo =1

ang et al_ (2 -0. -1 125 .

Yasuda et al. (2011) 0753 -1624 0119 0090 ——

Pooled 0477 -0740 -0214 0000 <>

Prediction Interval 0477 -1.154 0199 —
Wide Ellefsen et al. (2015) 0012 -0760 0785 0575 ——

Jessee et al. (2018)a -1.167  -2.184 -0.150  0.025 T—&

Laswati et al’ (2018 0.655 -0422 1731 0234 B -

Laurentino et al. %2 12) 0766 -0.128 1660  0.093 ——

Letien et al. (2018)a 0096 -0889 0697 0813

Libardi et al. (2015 0452 -1350 0446 0324

Lixandrio et al. (2015)a 0713 -1385 0159  0.109

Lixandrio et al_(2015)c 0630 -1558 0299  0.184

Martin-Hemandez et al (2013) -0483  -1326 0360 0262

Ramis et al. (2020 0042 -0781 0697 0911

Sousa et al. (2017 0818 -1676 0041 0062

Sugiarto etal_(2017) 0773 -0318 1864 0165

Vechin et al_ (2015) 0509 -1452 0434 0290

Pooled 0223 -053 0089 0162

Prediction Interval -0.223 -1.071 0624

-4.00 -1.00 0.00 .00 4.00

Effect on strength — grouped by occlusion-cuff Favours HL. Favours BFR
Narrower cuff: =111mmHg/ 130mm  Q=20.965 p=0.138 T2=0.081 T=0.285 I’=28 451
Wider cuff-<110/ >140mm Q=19201p=0.084 T2=0.123 T=0.351 [}=37.530

Figur 6. Forest plot displaying the effect size difference for muscle strength between high-load
(HL) training and blood flow restriction (BFR) training according to occlusion cuff-with.

Different letters for the same study represent different protocols.

Risk of publication bias and sensitivity-analysis

The funnel-plot visual analysis for the hypertrophy studies revealed that the studies were
distributed somewhat symmetrical around the combined effect-size, with equal number of
studies on the right and left sides of the mean. Publication bias was therefore not suspected.

Funnel-plot analysis of the strength studies were also performed. There could be observed a
small asymmetry in the funnel-plot with more smaller studies on the HL-side of the mean, and

fewer studies reporting effect-sizes from 0-0.5 on the BFR-side of the mean (figure 7).
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Examining the statistics showed no significance that there in fact was any publication bias, with
an Egger’s test of the interception was equal to -1.776 (1-tailed p= 0.218), Kendall's tau with
continuing correction of -0.184 (1-tailed p=0.079). The classical fail-safe N suggested that 114

“null” studies in order for the combined 2-tailed p-value to exceed 0.050.

Sensitivity analyses were performed to see if the results were robust to lower correlation-
coefficients and changing the R-value to 0.6 did not change the results for either the strength-,

or the hypertrophy-analysis.

Funnel Plot of Standard Error by Hedges's g
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0,1 1
02 1
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g 03 ]
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-2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 15 2,0
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Figur 7. Funnel plot of studies comparing increases in muscle strength between high-load

training and blood flow restricted training.

Discussion

The purpose of the present study was to systematical review the literature regarding the effects
of blood flow restriction on skeletal muscle hypertrophy and strength. The main findings were
that there were no significant differences between the two training methods with regard to
changes in muscle hypertrophy. However, for strength, there were significant differences
favoring HL. These results did not differ when grouping by age-groups, but occlusion pressure
seemed to affect the strength-results, with narrower cuffs favoring high loads, while wider cuff

widths showed no significant differences between protocols.
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Skeletal muscle hypertrophy

We found no significant difference between the two methods with regard to skeletal muscle
hypertrophy, which are similar to the previous meta-analysis published by Lixandrao et al.
(2018). Meaning that the inclusion of 12 studies (Brandner et al., 2019; Cook et al., 2017; Cook
et al., 2018; Davids et al., 2021; Jessee et al., 2018; Kataoka et al., 2022; Korkmaz et al., 2022;
Laswati et al., 2018; Letieri et al., 2018; May et al., 2022; Ramis et al., 2020; Sousa et al., 2017;
Sugiarto et al., 2017; Wang et al., 2022) did not change the results of the overall body of
literature. Moreover, since our meta-analysis showed low heterogeneity, the variations in
effects are likely due to sampling error rather than true variations, meaning that the result of
most of similar studies should fall between the confidence interval of this study (Borenstein et
al., 2021).

One of the studies pooled triceps and pectoralis major when examining muscle hypertrophy
(Ozaki et al., 2013). As pectoralis major is proximal to the occlusion cuff, this could affect the
results, as some of the mechanisms expected to play a part in making BFR an effective strategy
for enhancing muscle hypertrophy should not affect the muscles proximal to the cuff. Earlier
meta-analysis, examining the effect of BFR training on upper body muscles proximal to the
occlusion cuff, had findings suggesting that low load BFR training resulted in similar muscle
hypertrophy as HL-training in muscles not directly under occluded conditions, but with little
certainty as only a few studies were included (Pavlou et al., 2023). As our sensitivity analysis
showed that removing the Ozaki et al. (2013) study from the analysis would not change the
results. Therefore, it was included in the overall hypertrophy analysis. When examining the
differences in effects for upper and lower body, the analysis showed trends favouring HL-group
with moderate effect-size for the upper body. When taking out the studies with muscles
proximal to the occlusion cuff, the effect size was almost unchanged, but with larger p-values.

This could possibly be due to lack of power, as only three studies remained in the analysis.

One of the suggested mechanisms behind BFR is that the occlusion leads to hypoxia, causing
an accumulation of metabolites and thereby may enhance muscle hypertrophy trough metabolic
stress (Pope et al., 2013; Wackerhage et al., 2019). This raised a hypothesis that narrower cuff,
with higher occlusion pressure could be more efficient than wider cuffs because it probably
would lead to a greater degree of hypoxia. The results of grouping by occlusion cuff analysis
showed no differences in results between the two cuff-prescriptions. A review by Spitz et al.
(2022) compared perceived discomfort between performing resistance exercise with and

without BFR and reported that narrower occlusion pressure resulted in more perceived
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discomfort than wider occlusion pressure in the lower body. In the upper body there seemed to
be less discomfortable to use narrower cuffs. Therefore, since we found no impact on occlusion
cuff pressure on skeletal muscle hypertrophy, we suggest using wider cuff (<110mmHg) for the
lower body and narrower cuffs (>110mmHg) for the upper body when BFR are used in

resistance training to enhance muscle hypertrophy.

When examining the training-prescription for the included studies, questions were raised as
only a few studies mentioned performing sets to failure. As going to failure, or at least being
close to failure has been seen to promote muscle hypertrophy to a greater degree than for those
not performing the sets to failure (Vieira et al., 2021). When grouping the studies based on who
reported performing sets to failure, the results showed no differences from the overall analysis.
This was not surprising, as HL-groups taking sets to failure were compared to BFR-groups
performing sets to failure. When comparing the training prescription for those studies not
reporting performing sets to failure, one can argue that based on the prescription, the HL-groups
should be closer to failure than the BFR-groups, as despite individual differences and occlusion
cuffs, 8-10 reps at 80% of 1RM should be closer to failure than 20-30 reps at 20-30% of 1RM.
This could possibly influence the results (Baechle & Earle, 2008; Dos Remedios, 2007).

Another factor playing a major role for hypertrophy studies is exercise volume, as it has shown
a dose-response relationship for muscle hypertrophy (Figueiredo et al., 2018). Only one of the
studies (Ramis et al., 2020) was volume equated in terms of total tonnage (sets x reps x kg
lifted). Because of the high number of repetitions used in the BFR-training-prescriptions, BFR-
groups usually have slightly larger volume in terms of total tonnage. However, most of the
different BFR-training-prescriptions used shorter inter-set-rest periods (~30s) compared to the
HL-training prescriptions (~3min). As longer inter-set-rest periods (>60s) have been suggested
as superior for muscle hypertrophy (Grgic et al., 2017), one can speculate that there is need of
higher exercise volume when implementing low-load BFR training as compared with high-load

training to achieve the same results in skeletal muscle hypertrophy.

Muscular strength

The results from the overall effects on strength-outcomes were similar to an earlier review of
Lixandrao et al. (2018) and found that HL-training is more efficient then BFR-training on
increasing muscle strength. However, when only including studies and outcomes examining

strength gains in the upper body, there were no significant differences between the two methods.
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The differences in muscle strength adaptions between the two protocols may be related to the
principle of specificity, as training with high loads is more similar to typical strength tests. This
is somewhat in accordance with the results of the pooled by test-specificity, where HL-training
were a lot more effective than BFR-training when using 1RM and AMRAP tests, which are
considered specific strength tests. HL-training was also more effective than BFR-training for
the nonspecific tests, but these effects were lower. Interestingly, when pooling the different
non-specific tests, a very large effect size favouring HL-groups were evident for isometric
strength. For the isokinetic strength tests however, BFR-groups showed similar effects as HL-
groups for enhancing isokinetic strength. However, the reason for this difference is beyond the

scope of this review.

Another assumption to why HL-training enhances muscle strength to a greater degree than
BFR-training could be associated with the motor unit recruitment. Motor unit recruitment is
typically estimated via surface electromyography (SEMG), and some studies has shown higher
SEMG-amplitudes in HL-groups compared to low-loads with BFR-groups (Cook et al., 2013;
Manini & Clark, 2009). These arguments should nevertheless be interpreted with caution as
SEMG amplitudes alone do not necessary represent the motor unit recruitment, especially when
comparing high load conditions with low load conditions, as fatigued motor units can be
momentarily de-recruited to reduce fatigue (Vigotsky et al., 2017). This phenomenon was
referred to as motor unit cycling. However, one can still assume that HL-training may lead to
greater motor unit recruitment than BFR-training, as the results of this meta-analysis revealed
that HL-training resulted in greater increases in isometric maximal voluntary contractions than
the BFR-training.

The superior gains in muscle strength observed by the HL-protocols could also be related to
Muscle-fibre-type as a recent review on the topic had intriguing preliminary evidence that
suggesting that BFR-training might enhance type | muscle-fibre hypertrophy to as great as, and
sometimes greater than type Il (Schoenfeld et al., 2023). In contrast, this is usually not the case
when performing HL-training, where type Il hypertrophy tends to be considerably greater than
type | hypertrophy (Schoenfeld et al., 2023). As type Il muscle fibres are known to produce
greater force than type 1 fibres(Lieber, 2002), this could be a reason to why HL-training
promotes strength to a greater degree than BFR-training. However, this is only speculation as

this meta-analysis lacks the data to discuss muscle fibre specific hypertrophy.

Moreover, pooling studies according to occlusion pressure resulted in similar results as the
overall strength analysis for those using narrow cuffs, but for those using wide cuffs we found
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no significant differences between groups. It is speculated that this could be because narrower
cuffs result in earlier fatigue of the muscles distal from the occlusion pressure, probably
achieving higher velocity-loss during sets compared to those using wider cuffs. This speculation
is based on that it is observed a reverse u-shaped relationship between velocity-loss and
maximal strength gains, where the most effectively velocity-loss to contribute to maximum
strength development ranged between 20-30% (Zhang et al., 2023). This review lacks the data
to further examine whether any of these protocols falls in the optimal range and can therefore

not conclude that the this is the reason for these results.

Limitations and implications for future studies

Unfortunately, this study was not able to include the hypertrophy-data of Martin-Hernandez et
al. (2013) due to lack of reporting. However, the sensitivity analysis showed that none of the
included studies alone had any large impact on the results. Additionally, the data on hypertrophy
were considered homogeny. Therefore, we can assume that the inclusion of the Martin-

Hernandez et al. (2013) study would not have changed these results.

Due to limited studies examining the effect of BFR on resistance-trained individuals, it was not
possible to group the studies based on training-status. This should be addressed in more future
studies to further examine the effects of BFR-training for the more athletic population. When
examining the effect of BFR-training on hypertrophy in the upper body, results suggested a lack
of power because of few included studies. Future studies should therefore seek to further

examine the effect of BFR-training on the upper-body muscles.

Conclusion and practical application

In conclusion, our findings indicates that both BFR and HL-training are equally effective in
enhancing skeletal muscle hypertrophy. However, our results suggest that HL-training may be
more effective than BFR in increasing overall and lower-body strength, whereas BFR are
equally effective as HL training in enhancing upper-body strength. This makes BFR a resource
for those aiming to enhance skeletal muscle hypertrophy and strength, but who does not have

the capacity, resource or possibility to training with HL.
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