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Background: Blood flow restriction (BFR) is a novel technique involving the use of a cuff/tourniquet system positioned around the
proximal end of an extremity to maintain arterial flow while restricting venous return.

Purpose: To analyze the available literature regarding the use of BFR to supplement traditional resistance training in healthy athletes.

Study Design: Systematic review.

Methods: A systematic review was performed in accordance with the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines. From November to December 2018, studies that examined the effects of BFR training
in athletes were identified using PubMed and OVID Medline. Reference lists from selected articles were analyzed for additional
studies. The inclusion criteria for full article review were randomized studies with control groups that implemented BFR training
into athletes’ resistance training workouts. Case reports and review studies were excluded. The following data were extracted:
patient demographics, study design, training protocol, occlusive cuff location/pressure, maximum strength improvements, mus-
cle size measurements, markers of sports performance (eg, sprint time, agility tests, and jump measurements), and other study-
specific markers (eg, electromyography, muscular torque, and muscular endurance).

Results: The initial search identified 237 articles. After removal of duplicates and screening of titles, abstracts, and full articles, 10
studies were identified that met the inclusion criteria. Seven of 9 (78%) studies found a significant increase in strength associated
with use of BFR training as compared with control; 4 of 8 (50%) noted significant increases in muscle size associated with BFR
training; and 3 of 4 (75%) reported significant improvements in sport-specific measurements in the groups that used BFR training.
Occlusive cuff pressure varied across studies, from 110 to 240 mm HG.

Conclusion: The literature appears to support that BFR can lead to improvements in strength, muscle size, and markers of sports
performance in healthy athletes. Combining traditional resistance training with BFR may allow athletes to maximize athletic per-
formance and remain in good health. Additional studies should be conducted to find an optimal occlusive pressure to maximize
training improvements.

Registration: CRD42019118025 (PROSPERO).

Keywords: blood flow restriction training; athletes; exercise; occlusion training

Blood flow restriction (BFR) training has garnered increased
attention in recent years because of the potential for individ-
uals to achieve an increased degree of muscle burden and
physiologic change at a lower level of resistance training.
BFR training involves the use of a cuff or tourniquet system
positioned circumferentially around the proximal end of an
extremity and inflated to a predetermined pressure (studies
range from 110 to 240 mm Hg) in an attempt to maintain

arterial flow while restricting venous return.25 This tech-
nique is believed to have originated in the 1970s with Dr
Yoshiaki Soto’s Kaatsu resistance training; however, it was
not until 1998 that the first study was published on BFR
training.5,25 By occluding venous outflow from the extremity,
the resulting anaerobic environment promotes muscle hyper-
trophy through cell signaling and hormonal changes similar
to what is seen at higher-intensity training with more resis-
tance.5 Recent studies have proposed alternatives to the tra-
ditional setup, including using Kaatsu bands and hook-and-
loop resistance bands. These devices provide similar venous
occlusion but at individualized perceived resistance rather
than a predetermined pressurized level.14,15,24,29
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Traditional resistance training has long been viewed as
the primary method for increasing strength and muscle
size in athletes.3,7 The American College of Sports Medi-
cine recommends performing resistance training at 70%
of an individual’s concentric 1-repetition maximum (1RM)
to improve muscular strength and hypertrophy.3 Several
techniques—including low-volume, high-intensity work or
endurance-style training regimens—have proven effective
for athletes looking to improve strength and performance.2

By contrast, it has been suggested that with the use of
BFR, resistance training at 20% to 50% 1RM can result
in muscle hypertrophy similar to that of traditional
strength training protocols.28,32 Despite this, a limited
number of studies have examined if and how BFR can be
implemented as part of a traditional training regimen to
enhance gains in strength and performance.23

It remains unclear how BFR elicits cellular responses to
increase recovery and promote muscle hypertrophy.13 Sev-
eral hypotheses have been proposed, including that the cel-
lular mechanism is related to metabolic stress,20 elevated
muscle fiber recruitment,30,31 or other metabolic signaling
mechanisms leading to increased muscle development
through the enhanced production of growth hormone or
the accumulation of metabolites, causing muscle cell swell-
ing.12,21,26 BFR has been used during physical therapy to
aid in the recovery of elderly patients after knee arthros-
copy or more complex knee surgery, such as anterior cruci-
ate ligament reconstruction.5,19 BFR has also been utilized
to treat patients with knee osteoarthritis.6 For patients
undergoing nonoperative and postoperative rehabilitation,
regaining strength by training at high loads is not often
feasible; thus, many orthopaedic surgeons and physical
therapists have begun incorporating BFR therapy to facil-
itate improvements in strength.9,28

There is a paucity of literature about the use of BFR
among well-trained athletes and whether BFR training
can elicit similar responses to those seen in athletes who
follow more traditional resistance training protocols. The
purpose of this systematic review was to analyze the avail-
able literature regarding the use of BFR to supplement
resistance training in healthy athletes.

METHODS

The review was reported in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines. Additionally, it was registered
through PROSPERO online (CRD42019118025). No meta-
analysis was undertaken for the included studies, given
the heterogeneity of treatment techniques employed.

The conclusions were based on small sample sizes and
may have been underpowered. However, the samples
were composed of high-level athletes (collegiate, semipro-
fessional, or professional) with adequate monitoring and
proper tracking of data.

Literature Search

From November 1 to December 31, 2018, an online litera-
ture search was performed using PubMed and OVID Med-
line. A computerized search using the following search
terms was conducted: ‘‘Blood flow restriction’’ OR ‘‘Blood
flow occlusion’’ OR ‘‘Kaatsu’’ OR ‘‘vascular occlusion’’ OR
‘‘Ischemia’’ OR ‘‘restricted blood flow’’ OR ‘‘occlusion train-
ing’’ AND ‘‘athlete’’ OR ‘‘student athlete’’ OR ‘‘elite athlete.’’

Selection Criteria

Studies were considered for inclusion if they were peer-
reviewed articles that (1) examined BFR training in athletes;
(2) implemented BFR training into an anaerobic/resistance
workout regimen whereby athletes perform high-intensity
movements for short bouts to promote strength, endurance,
or power; (3) were randomized or matched experimental
studies; (4) included a comparison between treatment and
control groups; and (5) were English-language publications.
This review excluded studies that (1) did not use BFR as a pri-
mary training regimen; (2) used BFR in conjunction with
aerobic/cardiovascular training; (3) were case studies, sys-
tematic reviews, or opinion-based editorials; or (4) were not
English-language publications.

Study Selection

The relevant titles and abstracts of the articles identified
during the search were reviewed to determine if they met
inclusion criteria. Duplicates were removed, titles and
abstracts were screened, and full texts were read for inclu-
sion assessment. References of the relevant articles were
reviewed for related studies. Two coauthors (R.J.W. and
S.M.B.) independently performed the literature search and
identified articles that met the inclusion and exclusion crite-
ria. Our senior author (M.K.M.) served as a third reviewer
in the case of any discrepancies. Included studies were eval-
uated for their level of evidence in accordance with the
Oxford Centre for Evidence-Based Medicine (Table 1).8

Data Extraction

The following data were extracted: athlete demographics,
study design, number of training sessions, training protocol
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TABLE 1
Studies Included in the Systematic Review:

Training Protocols, Changes in Muscle Strength, Markers of Sports Performance, and Muscle Sizea

First Author: LOEb Cohort of Athletes Training Protocol

Training Duration

and Frequency

Cuff Location and

Pressure, mm Hg

Strength

Improvements

Markers of Sports

Performance Muscle Size Changes

Abe1: 1 Male collegiate track

and field athletes

(n = 15)

Squats and leg curls:

3s 3 15r at 20%

1RM

8 d, 2 sessions/d Most proximal part of

thigh, 160-240

Significantly

increased 1RM leg

press in BFR vs

control group

Significantly

improved 30-m

and 10-m sprint

time in BFR vs

control group

Significantly

improved thigh

muscle thickness

in BFR vs control

group measured

via ultrasound;

significantly

improved muscle-

bone CSA in BFR

vs control group

measured via

anthropometry

Cook4: 1 Male

semiprofessional

rugby players

(n = 20)

Bench press, leg

squat, and pull-

ups: 5s 3 5r

performed at 70%

1RM

3 wk, 3 sessions/wk Proximal part of

thigh, 180

Significantly

improved 1RM

squat and bench

press

Significantly

improved maximal

sprint time and

countermovement

jump power

NA

Lowery14: 1 Male collegiate

weight lifters

(n = 20)

Bicep curls: 3s 3 30r

at 20% 1RM

4 wk, 2 sessions/wk Proximal part of

upper extremity;

elastic practical

BFR bands were

strapped to 6 or

7/10 perceived

pressure

NA NA No significant

difference between

groups in muscle

thickness

improvements via

ultrasound

measurement

Luebbers15: 2 Male collegiate

football players

(n = 62)

Bench press and

squat: 4s 3 30-20-

20-20r at 20% 1RM

7 wk, 4 sessions/wk;

BFR sessions came

after normal

strength training

program workouts

(4 total groups)

Proximal part of

upper extremity

(bench press) and

thigh (squat);

elastic practical

BFR bands used

and pulled to

7.6 cm

High-intensity

training with

additional low-load

BFR resulted in

significant 1RM

squat

improvements

between groups

but not in 1RM

bench press

NA No significant

differences in

chest, arm, or leg

girths across

groups

Manimmanakorn16: 1 Female netball

athletes (n = 30)

Bilateral knee flexion

and extension: 3s

to failure at 20%

1RM

5 wk, 3 sessions/wk Proximal part of

thigh, 160-230

Improved flexor and

extensor muscle

strength vs control

groups

Improved muscular

endurance, 5-m

sprint, 10-m

sprint, 505 agility

test, vertical jump

test, and 20-m

shuttle run test vs

control group

Improved flexor and

extensor muscle

CSA vs control

group via MRI

Neto18: 1 Male jiu-jitsu fighters

(n = 12)

Squats: warm-up set

of 10-15r at 20%

1RM, then 1s to

failure at 80%

1RM

8 d, 1 session/d Proximal part of

thigh, 110

No significant

differences in

isometric strength

via surface EMG

muscle firingc

NA NA

Sakuraba22: 2 Male track and field

university athletes

(n = 21)

Isokinetic knee

flexion and

extensions:

3s 3 10r

4 wk, 2 sessions/wk Proximal part of

thigh, 110

BFR training with

high- or low-

intensity training

improved

isokinetic muscle

strength but

greater

improvements

with high intensity

NA No significant change

in CSA across

groups measured

via MRI

Scott24: 2 Male

semiprofessional

soccer players

(n = 21)

Low-load squats 3/wk 5 wk of normal

resistance training

regimen with

additional BFR

training regimen

Proximal part of

thigh; elastic

practical BFR

bands were

strapped to 7/10

perceived pressure

No significant

improvement in

BFR vs control

group for the 3RM

squat test

No significant

improvement in

BFR vs control

group for

countermovement

jump or sprint

performance

No significant

differences in

muscle

architecture were

found via

ultrasonography

Takarada27: 2 Male elite rugby

team (n = 17)

Isokinetic bilateral

knee extensions:

4s to failure

8 wk, 2 sessions/wk Proximal part of

thigh, 196

BFR group showed

significant

improvements in

isometric and

isokinetic

muscular strength

NA CSA of knee

extensors

increased

significantly in

BFR group via

MRI vs before BFR

training; no

significant

changes in knee

flexorsd,e

(continued)

AJSM Vol. XX, No. X, XXXX Blood Flow Restriction Training for Athletes 3



(eg, exercises, sets, repetitions), cuff location, cuff pressure,
maximum strength improvements, markers of sports perfor-
mance, muscle size measurements (imaging or manual meas-
urements), and other study-specific measured markers.

RESULTS

Search Strategy and Criteria

The results of the search strategy and criteria are shown in
Figure 1. The database search identified 237 articles. After
removal of duplicates and review of titles and abstracts, 21
studies remained. These were read in their entirety and
assessed for inclusion eligibility. Nine studies met inclu-
sion criteria. A search of the reference lists of the included
studies identified 1 additional article, leaving 10 studies
for this review. An overview of the studies and their out-
come measures is summarized in Table 1.

Outcome Measures

Clinical Population. The 10 studies in the systematic
review included a total of 250 athletes (220 male, 30
female) from various sports, including track and field,1,22

rugby,4,27 American football,15,29 weightlifting,14 netball,16

jiu-jitsu fighting,18 and soccer.24 The participating athletes
ranged in age from 19.8 to 25.9 years.

Training Intervention Methods. Table 1 details the BFR
training protocols from each study. Abe et al1 and Neto
et al18 conducted the shortest BFR protocols, lasting 8
days, while the protocol described by Takarada et al27 lasted
8 weeks. Studies ranged in frequency of sessions from 1 per
day18 to 4 sessions per week.15 BFR was combined with vary-
ing intensities of training, ranging from 20% 1RM1,14-16,29 to
80% 1RM.18 Additionally, BFR training was performed after
regularly scheduled training sessions15,24 and on lower body
muscle groups only,1,16,18,22,24,27 upper body muscle groups
only,14 or both.4,15,29 Occlusive cuff pressure ranged from
110 to 240 mm Hg across studies. Additionally, some studies

used a more practical BFR approach,14,15,24,29 which is an
elastic or hook-and-loop band device that can be tightened
to a perceived resistance. In each of the 10 studies, the cuff
or elastic band was placed at the most proximal portion of
the extremity being trained to occlude venous return.

Physical Measures. Three categories measuring sports
performance outcomes were examined in this study: strength
improvements, sport-specific markers for performance, and
changes in muscle size. These outcomes varied depending
on the sport and targeted muscle group or extremity.

Strength. In many studies, muscle strength was assessed
via isotonic 1RM tests for the squat1,4,15,29 and bench
press.4,29 Other studies used isokinetic22,27 or isometric test-
ing18,27 to examine muscle strength improvements. Of 10
studies, 9 (90%) reported strength improvements:

TABLE 1
(continued)

First Author: LOEb Cohort of Athletes Training Protocol

Training Duration

and Frequency

Cuff Location and

Pressure, mm Hg

Strength

Improvements

Markers of Sports

Performance Muscle Size Changes

Yamanaka29: 1 Male collegiate

football players

(n = 32)

Bench press and

squat: 4s 3 30-20-

20-20r at 20% 1RM

4 wk, 3 sessions/wk

after normal

training

Proximal part of

upper extremity

and thigh; hook-

and-loop practical

BFR bands were

used and tightened

to restrict arterial

flow but not

venous return

1RM bench press and

squat significantly

improved in BFR

vs control group

NA Upper chest, lower

chest, and upper

left arm girths

were significantly

improved via

a standardized

muscle girth

measurement

protocol

a1RM, 1-repetition maximum; 3RM, 3-repetition maximum; BFR, blood flow restriction; CSA, cross-sectional area; EMG, electromyography; LOE, level of

evidence; MRI, magnetic resonance imaging; NA, not applicable; r, repetitions; s, sets.
bOxford Centre for Evidence-Based Medicine LOE: 1, randomized controlled trial; 2, matched controlled study.
cOther findings: similar reductions in torque after maximal voluntary isometric contraction in BFR and control groups postexercise attributed to fatigue (mea-

sured by surface EMG).
dDid not measure muscle size changes in control group.
eOther findings: BFR group had significant improvements in knee extension torque and muscular endurance.

Records iden�fied through 
database searching (n = 237)

Studies selected for full-
text evalua�on (n = 21)

Studies selected for 
inclusion (n = 9)

12 studies excluded

Studies selected for 
inclusion (N = 10)

1 study included from searching 
reference lists of included papers 

noitacifitnedI
gnineercS

y tilib igilE
noisulcnI

Figure 1. Flowchart using the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines
presents the search procedure and study selection.
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71,4,15,16,22,27,29 (78%; n = 197/230) found a significant
increase (P \ .05) in strength associated with the use of
BFR training as compared with control groups that did
not use BFR in at least 1 body group, and 218,24 (22%; n =
33/230) cited no significant improvements in strength as
compared with a control group.

Cook et al4 performed BFR training on the upper and
lower body and reported significant improvements in the
squat (P \ .01) and bench press (P \ .01). Conversely,
Luebbers et al15 indicated significant improvements in
the squat (P \ .05) but not the bench press in the BFR
training group versus the control group. Neto et al18 exam-
ined surface electromyography in male jiu-jitsu athletes for
8 days to compare muscle strength and maximum isometric
torque in the quadriceps after incorporating a BFR protocol
for squats. The BFR training and control groups demon-
strated similar but not statistically significant (P \ .05)
reductions in isometric strength and torque. This study mea-
sured the reductions in isometric strength and torque as
measurements of fatigue (greater strength reductions in pro-
gressive sets = greater fatigue) over the course of the 8-day
protocol. Takarada et al27 showed significant improvements
in knee extension torque (P\ .05) after BFR training as com-
pared with the control group in their 8-week protocol.

Markers of Sports Performance. Studies that measured
markers of sports performance utilized the following tests:
sprint testing,1,4,16,24 countermovement jump power,4,24 mus-
cular endurance,16 505 agility test,16 vertical jump test,16 and
20-m shuttle run test.16 Three of 4 (75%; n = 65/86) studies
demonstrated a significant improvement (P \ .05) in the
groups that used BFR training for at least 1 of these 6 met-
rics.1,4,16 One of 4 (25%; n = 21/86) studies found no signifi-
cant difference in any sports performance metric when
comparing the use of BFR with a control group.24 Scott
et al24 reported no significant improvements among male
semiprofessional soccer players in countermovement jumps
or sprint performance in a 5-week traditional resistance
training regimen with added BFR workouts. Some studies
were mixed in terms of which sports performance tests
were statistically significant between the BFR and control
groups. Abe et al1 documented significantly improved 10-
and 30-m sprint times (P \ .05) but no significance in any
jump tests in this cohort of male collegiate track and field
athletes using BFR training.

Muscle Size. Muscle size improvements were examined
via ultrasound muscle thickness,1,14 muscle-bone anthropom-
etry,1 standardized muscle girth measurement protocol,15,29

magnetic resonance imaging cross-sectional area
(CSA),16,22,27 and ultrasonography.24 In terms of muscle
size changes, 8 of the 10 (80%) studies reported results: 4
studies (50%; n = 94/218) noted significant increases in mus-
cle size associated with BFR training,1,16,27,29 whereas 4
(50%; n = 124/218) reported no significant differences in mus-
cle mass in groups using BFR versus control.14,15,22,24 Among
male elite rugby players who performed BFR training on
their legs, Takarada et al27 found significant increases in
CSA of the quadriceps (P = .02) before and after BFR by
using magnetic resonance imaging. This study did not
include a control group for the muscle size portion. Sakuraba
and Ishikawa22 used magnetic resonance imaging to

measure femoral CSA in their cohort of male university track
and field athletes and indicated no significant differences
between the BFR and control groups. Future studies should
seek to clarify the effect of BFR training on muscle size.

DISCUSSION

BFR training has become popular because of the potential
for participants to achieve similar or greater strength and
performance gains with lower levels of resistance. BFR
has various uses, including incorporation into training regi-
mens for high-level athletes or postoperative rehabilitation
for patients with limited activity and weightbearing. Given
the ability of BFR to stimulate gains at a submaximal load,
athletes can incorporate this treatment at the end of a work-
out to achieve more muscle development.23 Additionally,
BFR training could be used in athletes who are susceptible
to injuries or who cannot tolerate the traditional sets and
repetitions of 60% to 75% 1RM.23 This systematic review
demonstrated that BFR training could lead to significant
improvements in muscle strength, markers of sports perfor-
mance, and muscle size. Presently, there is substantial var-
iability with regard to the proposed frequency and durations
of BFR training. Additionally, variations exist among the
protocols for this type of training with regard to cuff size,
cuff pressure, and frequency of training, which can lead to
differing results among athletes. This makes it challenging
to draw conclusions regarding which sports and athletes can
most benefit from BFR training.

To date, 1 review has included solely athletes in the
cohort.23 Scott et al23 (n = 228) concluded that muscular
development is possible in well-trained athletes after low-
load resistance BFR training but the neural stimulus is dif-
ferent as compared with traditional high-load regimens.
The study also found that traditional high-load resistance
training combined with low-load BFR training would provide
maximal results for athletes. Other systematic reviews have
looked at strength and muscular development but not specif-
ically in athletes. In 2018, Lixandrao et al11 performed a sys-
tematic review to examine the effects of BFR training in
a population that included a broad spectrum of ages and
with low-load resistance as compared with high-load resis-
tance training. The authors found that there were greater
muscle strength gains in the group using high-load exercise
over BFR training. They also demonstrated that muscle
size growth was similar in the high-load and BFR groups.11

In the rehabilitation setting, Hughes et al9 concluded that
low-load BFR training could provide a more effective
approach to low-load resistance training in a broad popula-
tion undergoing clinical musculoskeletal rehabilitation.

The studies included in our systematic review demon-
strated mixed results in terms of whether BFR can be used
alone or in combination with regularly scheduled training
programs. Scott et al24 found that 5 weeks of traditional
resistance training combined with BFR versus resistance
training alone led to no difference in strength, muscle size,
and sports performance testing results in 21 semiprofessional
soccer players. Conversely, Yamanaka et al29 found a signifi-
cant improvement in 1RM of bench press and squat in 32
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Division I football players using BFR training in comparison
with a control group undergoing normal training over the
course of 4 weeks. Luebbers et al15 also evaluated the use
of BFR in football players and found a significant increase
in 1RM of squat but not bench press. The study also found
no significant difference in muscle size changes.

Clinical Implications and Safety

The potential applications of BFR training are vast and
include individualized training protocols for athletes as
well as postoperative rehabilitation regimens. Addition-
ally, patient or athlete selection remains a potential concern
as well as an area for further investigation. Minniti et al17

recently published a review of the safety of BFR training
in patients with musculoskeletal disorders. The authors
concluded that BFR training is relatively safe in patients
with knee disorders, but more research is needed for other
musculoskeletal conditions. Additionally, there are some
relative contraindications to BFR therapy that could
increase the risk of blood clotting, such as vascular disease,
obesity, diabetes, sickle cell trait or disease, severe hyper-
tension, cancer, and history of deep venous thrombosis.5

Thus far, BFR training has been shown to be relatively
safe, with very few complications reported and no apparent
increased risk for clotting. Iversen and Rostad10 reported 1
case of ischemic exercise–induced rhabdomyolysis, although
this is the only known report. In our included studies, there
were no reports of adverse events attributed to the use of
BFR. However, research has been limited in this area,
and further study has the potential to influence guidelines
to help avoid complications associated with the use of BFR.

Limitations

This systematic review has several limitations. First, there is
substantial variability with the implementation of BFR train-
ing. The training protocols in the studies varied drastically in
their frequency, duration, and exercise regimens. This makes
comparing results challenging in that athletes respond differ-
ently when they undergo different-style workouts. Second,
only 10 studies met our inclusion criteria. It is possible that
searching other databases would have identified more stud-
ies. Third, it is not possible to blind athletes in terms of
whether they are training with or without BFR. This could
affect the results, as the athletes may have worked harder
in the BFR group, given the novel nature of the training.
Naturally, athletes perform differently on different days
and on the basis of the environment and a variety of internal
and external variables. This creates inherent variability in
the results of the BFR group when compared with those of
the control group. Fourth, the cuff pressure during training
varied considerably among the BFR protocols identified. Cur-
rently, there is no established range for cuff pressure that is
necessary to obtain optimal vascular restriction or produce
improvement in strength and hypertrophy. Finally, 4 stud-
ies14,15,24,29 used practical BFR, whereas 61,4,16,18,22,27 used
the traditional inflatable tourniquet method. There is cur-
rently not enough evidence in the literature to determine
whether there is an advantage of one technique over the

other. Overall, we believe that the evidence is of relatively
high quality (levels 1 and 2) with regard to BFR as a topic;
however, the applicability of the evidence is again limited,
secondary to the heterogeneity of the application of BFR
techniques, monitoring, and measurement of performance.

CONCLUSION

This systematic review demonstrated that BFR training
has the potential to increase strength and performance
when incorporated as part of resistance workout regimens
for healthy athletes. Current literature supports the
improvement of strength and sports performance with
BFR training. However, there is variability in terms of
whether BFR can lead to increased muscle size. Further
investigation is needed to determine the overall efficacy
of BFR training and its benefits in conjunction with a resis-
tance training regimen for athletes. Future studies should
also seek to define the ideal duration and frequency of
training, number of repetitions, and cuff pressure needed
to obtain the greatest benefit from BFR. Finally, it will
be important to investigate how molecular biomarkers of
muscle change in the athletic population undergoing BFR
training.
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