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Background: The effectiveness of blood flow restriction training (BFRT) as compared with other forms of training, such as resis-
tance training, has been evaluated in the literature in clinical and nonclinical populations. However, the safety of this intervention
has been summarized only in healthy populations and not in clinical populations with musculoskeletal disorders.

Purpose: To evaluate the safety and adverse events associated with BFRT in patients with musculoskeletal disorders.

Study Design: Systematic review.

Methods: A literature search was conducted with 3 online databases (MEDLINE, CINAHL, and Embase). Eligibility criteria for
selecting studies were as follows: (1) BFRT was used as a clinical intervention, (2) study participants had a disorder of the mus-
culoskeletal system, (3) authors addressed adverse events, (4) studies were published in English, and (5) the intervention was
performed with human participants.

Results: Nineteen studies met eligibility criteria, with a pooled sample size of 322. Diagnoses included various knee-related dis-
orders, inclusion body myositis, polymyositis or dermatomyositis, thoracic outlet syndrome, Achilles tendon rupture, and bony
fractures. Nine studies reported no adverse events, while 3 reported rare adverse events, including an upper extremity deep
vein thrombosis and rhabdomyolysis. Three case studies reported common adverse events, including acute muscle pain and
acute muscle fatigue. In the randomized controlled trials, individuals exposed to BFRT were not more likely to have an adverse
event than individuals exposed to exercise alone. Of the 19 studies, the adverse events were as follows: overall, 14 of 322; rare
overall, 3 of 322; rare BFRT, 3 of 168; rare control, 0 of 154; any adverse BFRT, 10 of 168; any adverse control, 4 of 154. A majority
of studies were excluded because they did not address safety.

Conclusion: BFRT appears to be a safe strengthening approach for knee-related musculoskeletal disorders, but further research
is needed to make definitive conclusions and to evaluate the safety in other musculoskeletal conditions. Improved definitions of
adverse events related to BFRT are needed to include clear criteria for differentiating among common, uncommon, and rare
adverse events. Finally, further research is needed to effectively screen who might be at risk for rare adverse events.
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Blood flow restriction training (BFRT) is defined as the par-
tial restriction of arterial blood flow into the muscle while
venous outflow is occluded during a bout of exercise.19 This
training method was first introduced into the literature in
1987 by researchers who used tourniquet ischemia to induce
a fatigue-related process to the musculature.13,69 Further
research was guided by their findings that substantial

strength gains were elicited following this new tourniquet
ischemia, particularly as a possible alternative to high-
intensity resistance training (RT).69 Current research has
investigated a wide array of BFRT protocols with variance
in cuff type and size, duration of ischemia, intensity and
type of exercise performed with BFRT, and occlusion pres-
sure.k In an effort to address this variability, guidelines
have been published in an attempt to synthesize best evi-
dence around standardized protocols.64
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BFRT is used for physical training and performance in
healthy individuals, as well as an adjunct to physical reha-
bilitation in injured individuals. Its value as a training tool
has been investigated thoroughly in a variety of popula-
tions, including elite- and amateur-level athletes,
untrained younger and older adults, and individuals with
hypertension.1,26,29,34,36,48,59,68 In older adult populations,
BFRT has been used in walking and RT programs to pre-
vent sarcopenia.40 Furthermore, Hughes et al22 high-
lighted the efficacy and tolerance of BFRT as
a rehabilitation tool in clinical musculoskeletal rehabilita-
tion. Indications for using BFRT as an intervention in this
population include the following: postsurgical and postim-
mobilization rehabilitation, patellofemoral pain syndrome,
meniscal tears, ligament strains, low back pain, and skilled
rehabilitation for musculoskeletal disorders.10,18,32,57,74

The current understanding of the physiological mecha-
nisms of BFRT and related performance appears to be
well-documented.{ The use of BFRT during aerobic training
and RT elicits increases in muscle strength and
size.15,56,65,71,74 The physiological mechanisms behind these
muscle adaptations include acute muscle cell swelling,
increased fiber-type recruitment, decreased myostatin,
decreased atrogenes, and satellite cell proliferation.19,37 A
recent review concluded that these hypertrophic and
strength responses can be elicited with low-load BFRT
and may provide an additional stimulus for muscular adap-
tation that traditional RT does not.65 These benefits are
seen in both younger and older adults without increases
in muscular damage, swelling, or perceived pain.41,63-65,72

In addition to the physiological benefits obtained from
BFRT, it is necessary to consider its safety when used in
a clinical population with unique vulnerabilities. The
safety associated with occlusion of blood circulation in
the cardiovascular system associated with BFRT has
been questioned in nonclinical populations. Nakajima
et al51 outlined potential concerns of BFRT, including
brain and petechial hemorrhage, rhabdomyolysis, persis-
tent numbness, venous thrombosis, venous injury, and
induration. In contrast, recent reports concluded that at
the physiological level, low-intensity BFRT produced no
or insignificant change in peripheral flow, central cardio-
vascular responses, coagulation, oxidative stress, muscle
damage, and nerve conduction velocity as compared with
conventional RT.15,37,41,45,52,62 However, adverse cardio-
vascular outcomes have been reported and include endo-
thelial activation, subsequent apoptosis, and damaging

precursors to atherosclerosis.26 Authors have reported
a greater incidence of delayed-onset muscle soreness and
acute cases of rhabdomyolysis, while others noted that
BFRT induces minimal muscle damage and is a safe alter-
native training method for most individuals regardless of
age or training status.7,63,72,73 Evidently, the issue of safety
remains inconclusive and inconsistently reported, with the
consideration that the majority of studies have validated
the efficacy and safety of BFRT in healthy participants.
Given the conflicting literature and lack of a validated,
standardized protocol, the consensus on safety of BFRT
use in a clinical population is unknown.14,22,74 With the
increasing use of BFRT in clinical populations, a detailed
review of the literature is needed to determine the safety
of the intervention. Therefore, the purpose of this review
was to assess the potential adverse events associated
with BFRT when used clinically in the treatment of
patients with musculoskeletal disorders.

METHODS

Search Strategy

To obtain relevant articles, a thorough search was per-
formed in 3 electronic databases (MEDLINE, CINAHL,
and Embase) from inception to January 4, 2019 (Appendix
1, available in the online version of article). A medical
librarian assisted with developing the search strategy.
Because BFRT terminology is variable, a comprehensive
list of keywords was developed to obtain an expansive
and complete literature search. This systematic review
was conducted in accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines and registered in the International
Prospective Register of Systematic Reviews (PROSPERO
CRD42018095956).50

Study Selection

Articles were eligible for inclusion if the following criteria
were satisfied: (1) BFRT was used as a clinical interven-
tion, (2) the study participants were patients with a disor-
der of the musculoskeletal system, (3) the authors
addressed adverse events, (4) studies were published in
English, and (5) the intervention was performed with
human participants. Only original studies were included;
therefore, studies such as systematic or narrative reviews
were not included. Case report designs were included to
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cast a broader net, since BFRT is not always tested in clin-
ical populations with higher-quality study designs. Disor-
ders of the musculoskeletal system were operationally
defined as diseases of the muscles, bones, and cartilage, as
well as associated ligaments and other connective tissues.
Adverse events were defined as unintended or detrimental
effects from a treatment or condition.

Selection Process

After the initial literature search was completed, the articles
were pooled into Rayyan (Qatar Computing Research Insti-
tute Data Analytics), an online tool allowing reviewers to
include and exclude articles and provide rationale behind
each decision.55 Duplicate articles were removed, and eligibil-
ity assessment (decision to include/exclude) was performed
by 2 independent and blinded reviewers (M.C.M. and
V.P.R.) based on title and abstract. A third independent
reviewer (A.P.S.) settled inclusion uncertainty once the ini-
tial review was completed. The full-text versions of all
included articles were retrieved for further methodological
assessment; screening was performed by the same reviewers.
During full-text review, additional relevant articles were
hand-searched and reviewed on the basis of relevant referen-
ces found in the initial set of full-text review articles.

Risk-of-Bias Assessment

Two independent reviewers (M.M.E. and R.L.K.) evaluated
the studies for risk of bias, and a third (A.P.S.) was used to
settle uncertainty. The modified Downs and Black tool was
used, which has been shown to be a valid and reliable
checklist for assessing the quality of randomized and non-
randomized studies.12 The tool consists of 27 items, and
each study is scored ‘‘yes’’ or ‘‘no,’’ with some items includ-
ing an ‘‘unable to determine’’ option. A final score was cal-
culated out of a possible 28, and score ranges were
provided as follows, based on the quality of the study being
assessed: excellent (26-28), good (20-25), fair (15-19), and
poor (�14).12

Reliability Assessment

To enhance consistency between reviewers, a pilot screen
of the first 40 articles was performed. To ensure consis-
tency between reviewers for the assessment of study qual-
ity, 3 articles were included from the final review to pilot
the risk-of-bias tool.

Data Extraction

Three independent reviewers (M.C.M., V.P.R., A.P.S.)
extracted data from the final set of selected studies. The
included studies were divided such that each reviewer
was responsible for one-third of the data. Each reviewer’s
data extraction was checked for accuracy by one of the
other reviewers. Extracted data included author/year,
body region/diagnosis, sample size, age, sex, BFRT expo-
sure, comparative exposure, outcome, and type of study.

Each study reported and/or discussed the safety of the
BFRT intervention, and the outcomes were categorized into
no, common, or rare adverse event. For these categories, we
used a modified scale incorporating qualitative descriptions,
as well as incidence rates that have been well-established
in previous literature investigating the adverse events of clin-
ical populations being treated with other therapeutic tech-
niques.5 No adverse events were defined as such when
a study reported that no adverse events occurred. Common
adverse events were defined as temporary muscle soreness,
acute muscle pain and fatigue, intolerance to the interven-
tion, and slight discomfort or dull pain. Rare adverse events
were those with a reported incidence between 1 and 10 in
10,000 cases, including rhabdomyolysis and an upper
extremity deep vein thrombosis (DVT).33,75

RESULTS

Study Selection

The systematic process of selecting articles is presented in
Figure 1. The initial literature search yielded 5700 total
articles (2854 in MEDLINE/PubMed, 450 in CINAHL, 2388
in Embase, and 8 from hand searches of the literature). Nine-
teen articles met eligibility criteria for inclusion and were
retrieved for data extraction and risk-of-bias assessment.
Before full text was reviewed, a pilot of 40 abstracts resulted
in 97.5% agreement between reviewers. This was consistent
with the percentage agreement in the full title and abstract
review, which was 98.4% (kappa = 0.956).

In this review, 8 studies used a randomized controlled
trial (RCT) design,9,14,21,30,54,66,67,74 and 1 study used a pro-
spective longitudinal quasi-experimental design.47 Three
studies used a case series design,17,23,79 and 7 used
a case report design.20,24,28,31,44,53,61

The 8 RCTs investigated patients with knee-related
musculoskeletal conditions (Table 1). Four of those study
samples had a diagnosis of knee osteoarthritis; 1 had
a diagnosis of anterior knee pain; and 3 contained postsur-
gical anterior cruciate ligament (ACL) reconstruction and
nonreconstructive knee arthroscopy. The prospective
cohort design utilized a patient population with polymyosi-
tis or dermatomyositis. Sample sizes ranged from 13 to 48
patients, with an age range between 18 and 90 years.
Three case reports discussed patients with inclusion body
myositis, and 1 had a series of cases with a variety of
bony fractures. Each case report and series investigated
patients with musculoskeletal diagnoses, including postop-
erative total knee arthroplasty, thoracic outlet syndrome,
Achilles tendon rupture, ankle sprain, and knee articular
cartilage resection (Table 2). The age of patients ranged
from 24 to 75 years, and sample sizes ranged from 1 to 7.

Assessment of Studies: Risk of Bias and Quality

The 10 case reports and case series were not assessed for
risk of bias. The remaining 9 studies were assessed for
quality and risk of bias (Appendix 2, available online).
Two studies met the Downs and Black rating of ‘‘excellent,’’
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and 7 met the rating of ‘‘good.’’ Agreement of the 2 indepen-
dent raters was substantial for a total of 234 items
assessed across reports (kappa = 0.72).

Intervention Delivery

Tables 3 and 4 analyze whether each study met the recom-
mended guidelines and specifies how it met them. The
tables also describes the frequency, intensity, time, type
of exercise, cuff used, and exercise progression for the
BFRT protocol and comparative exposure, if used.

Frequency and Intensity. The frequency of intervention
protocols were reported as 1 to 6 sessions per week in the
RCTs and 1 to 4 times per week in the case reports. The
prescribed exercise intensity ranged from 20% to 30% 1
repetition maximum (1RM) in the RCT studies, while the
case-control designs assigned intensities based on 15RM,
25RM, 20%1RM, or 30%1RM.

Time. Time encompasses the duration of the study trial
and the time of each intervention session. Session time is
described through the number of sets, repetitions, and
rest intervals. Duration of the BFRT interventions ranged
from 1 to 16 weeks in the RCTs and 1 to 12 weeks in the
case-control studies. Set schemes varied among RCT and
case-control studies and ranged from 1 to 5 sets of 15 to
30 repetitions or performing as many repetitions as possi-
ble. Rest intervals between sets were 30 seconds to 1 min-
ute, with 1 case-control study (1) reporting no rest

intervals during the BFRT treatment session and (2) main-
taining occlusion for 30 minutes to 1 hour at a time.

Type. RT was used in all studies. Exercise selection
across RCTs included leg press, leg extensions, reverse
press, or a combination of these exercises. Exercise selec-
tion in the case series and report designs included leg
press, knee extensions, reverse leg press, half squats,
squats, leg curls, resisted ankle eversion, seated and stand-
ing calf raises, and Romanian deadlifts.

Cuff Parameters. Intensity of the BFRT cuff across RCTs
ranged from 160 to 200 mm Hg or 70% to 80% limb occlusion
pressure. BFRT devices included a BFRT cuff (175 mm wide
3 920 mm long), the Sports Rehab Tourniquet (10 cm wide
3 116 cm long), the Delphi PTS ii portable tourniquet sys-
tem, and the KAATSU master BFRT device. Cuff intensities
in the case series and case report designs ranged from 100 to
110 mm Hg or 50% to 80% limb occlusion pressure. Devices
in these studies included the Delphi PTS ii portable tourni-
quet system, the Hokanson AG101 cc17 thigh cuff, a 180 3

80–mm cuff, a 150 mm–wide cuff, a 34-inch tourniquet, and
knee wraps.

Exercise Progression. Of the studies that reported exer-
cise progression, the training load, final exercise occlusion
pressure, and volume were manipulated to adjust progres-
sion in the RCT designs. In the case series and report
designs, loads were (1) adjusted to ensure that the patient
could not perform .15 repetitions, (2) increased by 10% if
the patient could perform 1 set .120 seconds, and (3)
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Meta-Analyses) flow diagram.50

4 Minniti et al The American Journal of Sports Medicine



increased by 5 kg if the patient could perform .15 repeti-
tions in the second set. Five studies did not report exercise
progression.

Adverse Events

Six RCTs reported no adverse events or events resulting
from the BFRT intervention. Two studies each had 1
patient withdraw from the experiment owing to intoler-
ance of the BFRT cuff pressure. These same 2 studies
also reported that low-load training with BFRT did not

exacerbate knee-specific pain in the intervention group,
as determined by the Knee injury and Osteoarthritis Out-
come Score. One study reported that the BFRT interven-
tion resulted in slight discomfort and dull pain, which
were experienced after approximately 12 minutes of occlu-
sion. Two patients dropped out of this study owing to intol-
erance to the intervention (Tables 3 and 4). One study
reported 4 patients dropping out of the control group
because of pain during high-intensity RT. Out of the 313
patients across all RCTs, 149 represented a clinical popula-
tion exposed to BFRT, 154 completed exercise control pro-
tocols, and 10 were healthy individuals exposed to BFRT as

TABLE 1
Characteristics of Randomized Controlled Trialsa

First Author (Year) Body Region/Diagnosis

Sample

Size, n Age, yb Sex Type of Study

Tennent (2018)74 Postoperative

nonreconstructive knee

arthroscopy

17 37 (18-65) Male (n = 12), female

(n = 5)

Randomized controlled

trial

Ferraz (2018)14 Knee osteoarthritis 48 50-65 (LIRT, 60.7 6 4;

HIRT, 59.9 6 4; BFR,

60.3 6 3)

Female (n = 48) Randomized controlled

trial

Bryk (2016)9 Knee osteoarthritis 34 61 (control, 60.4 6 6.7;

BFR, 62.3 6 7)

Female (n = 34) Randomized controlled

trial

Segal (2015)66 Radiographic or symptomatic

knee osteoarthritis

42 45-90 (BFR, 58.4 6 8.7;

control, 56.1 6 7.7)

Male (n = 42) Randomized controlled

trial

Segal (2015)67 Radiographic or symptomatic

knee osteoarthritis

45 45-65 (BFR, 56.1 6 5.9;

control, 54.6 6 6.9)

Female (n = 45) Randomized controlled

trial

Ohta (2003)54 Anterior cruciate ligament

reconstruction

44 29 (18-52) Male (n = 25), female

(n = 19)

Randomized controlled

trial

Mattar (2014)47 Nonactive polymyositis or

dermatomyositis

13 45.6 6 8.8 Female (n = 9), male

(n = 4)

Prospective longitudinal

quasi-experimental

study

Korakakis (2018)30 Anterior knee pain 40 29.1 6 6.6 for BFR, 29.7 6

7.7 for LLRT

Male (n = 40) Pilot randomized

controlled trial

Hughes (2018)21 Anterior cruciate ligament

reconstruction

30 28 6 5 for NI-BFR, 29 6 5

for ACLR-BFR, 31 6 7

for ACLR-HL

Male (n = 23), female

(n = 7)

Between-participant

partially randomized

design

aACLR-BFR, anterior cruciate ligament reconstruction group performing light-load resistance training with BFR; ACLR-HL, anterior cruciate ligament

reconstruction group performing high-load resistance training without BFR; BFR, blood flow restriction; HIRT, high-intensity resistance training; LIRT,

low-intensity resistance training; LLRT, low-load resistance training; NI-BFR, noninjured group performing light-load resistance training with BFR.
bValues are presented as mean 6 SD (range).

TABLE 2
Characteristics of Case Reports and Case Series

First Author (Year) Body Region / Diagnosis Age, y Sex

Noto (2017)53 Thoracic outlet syndrome 29 Female (n = 1)
Santos (2014)61 Inclusion body myositis 65 Male (n = 1)
Yow (2018)79 Achilles tendon rupture 29 and 38 Male (n = 2)
Gualano (2010)20 Inclusion body myositis 65 Male (n = 1)
Hylden (2015)23 Ankle inversion injury, left tibial plateau fracture and ipsilateral tibial

plafond fracture, tibial/plafond/fibula/calcaneal fractures, gunshot
wound to femur and osteomyelitis, open tibia and fibula fractures,
tibial/plafond/fibula/calcaneal fractures, comminuted open calcaneus fracture

37, 48, 24, 26,
29, 27, 48

Male (n = 7)

Iversen (2010)24 Knee articular cartilage resection and microfracture 31 Male (n = 1)
Gaunder (2017)17 Knee osteoarthritis, postoperative total knee arthroplasty 44, 51, 60 Male (n = 3)
Jorgensen (2016)28 Inclusion body myositis 75 Male (n = 1)
Loenneke (2013)44 Avulsion fracture of tibial eminence and displaced osteochondral

fracture of medial femoral condyle
22 Male (n = 1)

Krieger (2018)31 Ankle sprain 37 Male (n = 1)
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TABLE 3
Adherence to Recommended BFRT Guidelines and Subsequent Adverse Events: General Informationa

First

Author

Body Region /

Diagnosis

Comparative

Exposureb
Type of Adverse

Event

Recommendations

Followed /

Described, n

Cuff

Applicationc
Cuff

Typed
Occlusive

Pressuree

No adverse events

Tennent (2018)74 Postoperative

nonreconstructive knee

arthroscopy

F: 23/wk for 6 wk. I / T / T:

Immediate,

weightbearing, formal

physical therapy

protocol, and

unrestricted ROM

None; no patients in this study

displayed any major complications,

bruising, DVT, or failures of BFR

treatment secondary to discomfort

9 of 9 Proximal thigh Easy Fit

Tourniquet

Cuff (wide)

80% LOP

Ferraz (2018)14 Knee osteoarthritis LIRT: same exercise

protocol as BFR HIRT. I:

50%-80% 1RM. T: 4 or 5

sets of 10 repetitions

None in BFR group; 4 (of 16) were

excluded owing to exercise-induced

knee pain in HIRT. No other

adverse events were self-reported.

9 of 9 Cuff at inguinal

fold

175 3 920 mm 70% LOP

Bryk (2016)9 Knee osteoarthritis F: 33/wk for 6 wk. I: 70%

1RM. T: 3 sets, 30

repetitions. T:

hamstrings stretching,

bridging, hip abduction,

hip adduction, calf raises,

clam exercises, sensory

motor training, machine

seated knee extension. P:

NA

Patients of the occlusion group

presented less anterior knee

discomfort during exercises

6 of 9 Upper third of

thigh

Not specifiedf Cuff inflated to

200 mm Hgf

Mattar (2014)47 Nonactive polymyositis or

dermatomyositis

None No clinical evidence of fatigue, pain,

osteoarticular injury, muscle

soreness, or any other self-reported

adverse event

9 of 9 Inguinal fold

region of thigh

175 3 920 mm 70% LOP

Korakakis (2018)30 Anterior knee pain Same LLRT protocol as

BFRT but no application

of BFR

No patients in LLRT BFR group

reported any adverse effect during

this trial; LLRT BFR significantly

reduced pain after intervention,

while 20% of LLRT participants

reported symptoms worsening

after intervention

8 of 9 Proximal thigh at

inguinal fold

Sports Rehab

Tourniquet of

10 cm wide and

116 cm long

80% LOP

Hughes (2018)21 Anterior cruciate ligament

reconstruction

ACLR-HR: F: 1 session. I:

70% 1RM. T: 3 3 10

repetitions with 30-s

interset rest periods. T:

unilateral leg press (after

warm-up 5 min of

unloaded cycling at free

cadence. C: same as

experimental group. P:

NA and NI-BFRf 1

session same as ACLR

BFR protocol

All 30 completed the study with no

adverse events

8 of 9 Not specifiedf Delfi PTS system,

dual-purpose,

easy-fit

variable-

contour nylon

cuff (11.5 3 86

cm, 5-mm thick)

80% LOP

Yow (2018)79 Achilles tendon rupture None Both patients tolerated the BFR

treatment well without any

adverse events / side effects

7 of 9 Proximal thigh Delfi PTSii

tourniquet

system; 14-cm

wide

80% LOP

Hylden (2015)23 Ankle inversion injury, left

tibial plateau fracture

and ipsilateral tibial

plafond fracture, tibial /

plafond / fibula /

calcaneal fractures,

gunshot wound to femur

and osteomyelitis, open

tibia and fibula fractures,

tibial / plafond / fibula /

calcaneal fractures,

comminuted open

calcaneus fracture

None None of the patients experienced any

complications associated with BFR

training; only side effect was

immediate muscle soreness, which

resolved by next therapy session;

all completed all sessions

7 of 9 Proximal thigh Hokanson AG101

cuff insulator

air source, E20

rapid cuff

inflator, and

CC17 thigh cuff

110 mm Hgf

Gaunder (2017)17 Knee osteoarthritis;

postoperative total knee

arthroplasty

None No adverse events related to therapy

in this series; did not initiate

therapy before 6 wk

postoperatively since effect of BFR

on wound healing is unknown

5 of 9 Not specifiedf Not specifiedf 80% LOP

Loenneke (2013)44 Avulsion fracture of tibial

eminence and displaced

osteochondral fracture of

medial femoral condyle

None There are no greater risks to

performing BFR as compared with

high-intensity exercise. Patient

was pain free while training with

BFR.

7 of 9 Not specifiedf Knee wrapsf Knee wraps

Common adverse events

Segal (2015)66 Radiographic or

symptomatic knee

osteoarthritis

F: 33/wk for 4 wk. I: LLRT

30% 1RM. T: 4 sets: 30,

15, 15, 15 repetitions; 6.5

min of occlusion (5 min of

exercise, 30 s of rest

between sets). T:

Bilateral leg press. P:

same as BFR

1 patient withdrew owing to

intolerance to the intervention

pressure cuff. Low-load training

with or without BFR did not

exacerbate knee-specific pain as

determined by KOOS

8 of 9 Proximal thigh KAATSU Master

BFR device; 65

3 650 mm

160-200 mm Hgf

(continued)
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a comparison group (as these were nonclinical they were
not included in total BFR count). Of the 149 who completed
BFRT, 4 experienced adverse events. Of the 154 in the
exercise control groups, 4 experienced adverse events.

Three case reports described rare adverse events,
including an upper extremity DVT, also referred to as
Paget-Schroetter syndrome, and rhabdomyolysis (Tables

3 and 4). Three case reports described mild adverse events,
including acute muscle pain and fatigue. One case report
and 3 case series reported no adverse events. Of the 19
patients observed in these studies, who all received
BFRT, 13, 3, and 3 experienced no adverse events, common
adverse events, and rare adverse events, respectively.
Among the 322 patients with musculoskeletal conditions

TABLE 3
(continued)

First

Author

Body Region /

Diagnosis

Comparative

Exposureb
Type of Adverse

Event

Recommendations

Followed /

Described, n

Cuff

Applicationc
Cuff

Typed
Occlusive

Pressuree

Segal (2015)67 Radiographic or

symptomatic knee

osteoarthritis

F: 33/wk for 4 wk. I: LLRT

30% 1RM. T: 4 sets: 30,

15, 15, 15 repetitions; 6.5

min of occlusion (5 min of

exercise, 30 s of rest

between sets). T:

Bilateral leg press. P:

same as BFR

1 patient discontinued the study

owing to inability to tolerate the

intervention. No worsening of

knee-specific pain in either group

8 of 9 Proximal thigh KAATSU Master

BFR device; 65

3 650 mm

160-200 mm Hgf

Ohta (2003)54 Anterior cruciate ligament

reconstruction

Rehabilitation was

performed in an identical

manner without

restriction of blood flow

Training with 180 mm Hg was

accompanied by slight discomfort

and dull pain. Symptoms became

present after 12 min of occlusion; 2

patients dropped out owing to

discomfort or dull pain in the LE.

No other complications were

reported. Conclusion: Various

problems remained unsolved, such

as discomfort or pain during

training owing to the tourniquet

and the possible effects on the

circulation, including thrombosis

and edema. Further attention to

the safety of this training is

required.

6 of 9 Proximal thigh Not specifiedf 180 mm Hgf

Santos (2014)61 Inclusion body myositis None Besides mild acute pain, the patient

reported no other adverse effects

8 of 9 Inguinal fold

region of thigh

Not specifiedf 50% LOP

Gualano (2010)20 Inclusion body myositis None No report of excessive exhaustion,

pain, osteoarticular injury, or

muscle soreness. Except for acute

muscle pain, none of the

complications observed in

Nakajima study were noted in this

patient

9 of 9 Proximal thigh at

inguinal fold

180 3 80 mm 50% LOP

Jorgensen (2016)28 Inclusion body myositis None Patient reported acute muscle fatigue

following training sessions but did

not compromise patient’s ability to

perform activities of daily living.

7 of 9 Proximal thigh 150 mm wide 110 mm Hgf

Rare adverse event

Noto (2017)53 Thoracic outlet syndrome None Paget-Schroetter syndrome, a form of

UE DVT, was detected in her left

axillary vein

1 of 9 Upper limb (where

not specified)f
Not specifiedf Not specifiedf

Iversen (2010)24 Knee articular cartilage

resection and

microfracture

None Diagnosis of rhabdomyolysis 2 d after

first treatment

6 of 9 Not specifiedf Delfi medical, 14

cm

100 mm He

Krieger (2018)31 Ankle sprain None No discomfort during or immediately

after exercise; ED after 2 d of pain,

refractory to massage; at ED,

calves tight and exquisitely tender

to light palpation, worsening pain

with passive DF and PF of ankle;

diagnosed with rhabdomyolysis

based on CK values

8 of 9 Thigh 34-inch tourniquet 80% LOP

aACLR-HR, anterior cruciate ligament reconstruction–heavy-load resistance training; BFR, blood flow restriction; BFRT, blood flow restriction training; CK,
creatine kinase; DF, dorsiflexion; DVT, deep vein thrombosis; ED, emergency department; HIRT, high-intensity resistance training; KOOS, Knee injury and
Osteoarthritis Outcome Score; LE, lower extremity; LIRT, low-intensity resistance training; LLRT, low-load resistance training; LOP, limb occlusion pressure;
NA, not applicable; NI-BFR, noninjured performing light-load resistance training with BFR; PF, plantarflexion; PTS, personalized tourniquet system; RM, rep-
etition maximum; ROM, range of motion; UE, upper extremity.

bFITTCP (in order): frequency, intensity, time (sets, repetitions, rest), type (exercise selection), cuff (type or size used), exercise progression.
cProximally around the limb.
dWide cuffs (~6-13.5 cm) for legs and narrow cuffs (3-6 cm) for arms.
eOcclusive pressure—inflatable cuffs: 50%-80% of pressure to occlude arterial flow at rest; elastic wraps; should feel snug but not substantially restrict com-

pletion of desired repetition scheme.
fIndicates criteria unmet. For further clarification: (1) Cuff pressure met criteria only if it was expressed as percentage limb occlusion pressure, since the

recommendations advise against using 1 pressure; this number may not provide the same occlusion for all individuals. (2) As many as possible—if upper limit
is not specified, it is not possible to fully quantify training volume. (3) Loads given in a specific weight are not individualized; despite being selected as ‘‘low load,’’
this cannot be applied to all people. (4) Number of sessions within the week were not specified (ie, not guaranteed to meet guidelines).
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TABLE 4
Adherence to Recommended BFRT Guidelines and Subsequent Adverse Events: Exercise, Rest, and Traininga

First Author Exercise Stimulusb Type of Exercisec Exercise Loadsd Training Volumee Interset Restf Training Frequencyg

No adverse events

Tennent (2018)74 BFR 1 low-load

resistance exercise

Single and multijoint (leg press,

leg extension, reverse press)

30% 1RM 4 sets: 30, 15, 15, 15 1-min rest between

exercises; max inflation

time, 5 min

23/wk for 6 wk

Ferraz (2018)14 BFR 1 low-load

resistance exercise

Single and multijoint (bilateral

machine leg press, machine

leg extensions)

20%-30% 1RM 4 or 5 sets, 15 repetitions each

set

1-min rest between sets; cuff

pressure maintained

during rest and until end

of session

23/wk for 12 wk

Bryk (2016)9 BFR 1 low-load

resistance exercise

Single and multijoint (occluded

seated knee extension; other

exercises not occluded)

30% 1RM 3 sets, 30 repetitions Not specifiedh 33/wk for 6 wk

Mattar (2014)47 BFR 1 low-load

resistance exercise

Single and multijoint (leg press

and knee extensions)

20%-30% 1RM 4 or 5 sets, 15 repetitions 1-min rest between sets;

occlusion for 25-30 min

total

23/wk for 12 wk

Korakakis (2018)30 BFR 1 low-load

resistance exercise

Single-joint exercise: open chain

knee extension (2-s CON, 2-s

ECC)

Pain-monitoring approach

load to maximum of 5 kg

(variable-adjustable

ankle weights) so patient-

reported 4 of 10 pain

during familiarizationh

4 sets: first set, AMAP (stop

when fail to follow metronome

or fail to fully extend knee

joint), followed by 3 sets of 15

repetitions

30-s between sets One session of BFRT,

followed by standard

physiotherapy session

(LE RT, core, and

balance)

Hughes (2018)21 BFR 1 low-load

resistance exercise

Multijoint exercise: unilateral

leg press

30% 1RM 4 sets (30, 15, 15, 15 repetitions) 30-s interset rest periods

with continuous

occlusion

1 session

Yow (2018)79 BFR 1 low-load

resistance exercise

Single and multijoint exercise:

leg press, gastrocnemius and

soleus calf presses

30% 1RM 4 sets; 30, 15, 15, 15 repetitions Not specifiedh 5 to 6 wkh

Hylden (2015)23 BFR 1 low-load

resistance exercise

Single and multijoint (leg press,

knee extension, reverse leg

press)

20% 1RM 4 sets; AMAP (each set to

failure)h
30-s rest 33/wk for 2 wk

Gaunder (2017)17 BFR 1 low-load

resistance exercise

Single and multijoint (leg press,

leg extension, reverse press)

Not specifiedh 4 sets; AMAPh 30-s rest between sets;

occlusion training never

lasted .30 min

33/wk for 8 wk

Loenneke (2013)44 BFR 1 low-load

resistance exercise

Single and multijoint exercise:

leg press, leg curls, leg

extensions, calf raises, RDLs

20% 1RM 4 sets; 30, 15, 15, 15 repetitions 30- to 45-s rest between sets 43/wk

Common adverse events

Segal (2015)66 BFR 1 low-load

resistance exercise

Multijoint exercise: bilateral leg

press

30% 1RM 4 sets: 30, 15, 15, 15 repetitions 30 s of rest between sets; 6.5

min of occlusion (5 min of

exercise plus rest

between sets)

33/wk for 4 wk

Segal (2015)67 BFR 1 low-load

resistance exercise

Multijoint exercise: bilateral leg

press

30% 1RM 4 sets: 30, 15, 15, 15 repetitions 30 s of rest between sets; 6.5

min of occlusion (5 min of

exercise plus rest

between sets)

33/wk for 4 wk

Ohta (2003)54 BFR 1 low-load

resistance exercise

Single and multijoint exercise:

straight-leg raise, hip

abduction, hip adduction, half

squat, tube exercises, knee-

bending walking exercise

Low (% not specified)h 1-3 sets; 20 repetitions Blood flow was restricted for

a maximum of 15 min,

stopped for 15-20 min,

then training was

resumed

63/wk for 16 wkh

Santos (2014)61 BFR 1 low-load

resistance exercise

Single and multijoint exercise:

leg press, knee extension, half

squat

15RM 3 sets; 15 repetitions 30-s of rest between sets;

cuff pressure maintained

for entire session

23/wk for 12 wk

Gualano (2010)20 BFR 1 low-load

resistance exercise

Single and multijoint exercise:

leg press, knee extension, half

squat

15RM 3 sets; 15 repetitions 30-s of rest between sets;

cuff pressure maintained

for entire session

23/wk for 12 wk

Jorgensen (2016)28 BFR 1 low-load

resistance exercise

Single and multijoint exercise:

leg press, isolated knee

extension, seated calf raises

(all performed unilaterally)

25RM (30%-35% 1RM) 3 or 4 sets; 25 repetitionsh 45-s rest between sets with

occlusion maintained

(total 4-5 min)

23/wk for 12 wk

Rare adverse events

Noto (2017)53 KAATSU

(BFRT)—type of

exercise not

specifiedh

Not specifiedh Not specifiedh 30 min to 1 h with constant

pressure on upper limb;

volume not specifiedh

Not specifiedh Approximately 33/wk

Iversen (2010)24 BFR 1 low-load

resistance exercise

Single-joint exercise: knee

extensions

12 kgh 5 sets: 30, 15, 15, 15, 15

repetitions

45-s rest between sets 1 session; therapy continued

23/wk after adverse

event

Krieger (2018)31 BFR 1 low-load

resistance exercise

Single-joint exercise: bilateral

standing calf raises, single-leg

balance, double-leg seated calf

raises, seated resistance band

ankle eversion

Not specifiedh 4 sets: 30, 15, 15, 15 repetitions 30-s rest between sets;

deflate cuff halfway

through routine with 4

min of rest before

reinflating and finishing

routine

First and only BFR session

aAMAP, as many as possible; BFR, blood flow restriction; BFRT, blood flow restriction training; CON, concentric; ECC, eccentric; LE, lower extremity; MVC,

maximum voluntary contraction; RDL, Romanian deadlift; RM, repetition maximum; RT, resistance training.
bBFR alone or BFR 1 walking/cycling or BFR 1 low-load resistance exercises.
cBoth single- and multijoint exercises.
dLow loads (20%-40% 1RM or MVC).
eRepetitions per exercise, 50-80 (sets do not need to be performed to muscular failure); standard scheme, 30-15-15-15.
fRest, 30 to 60 seconds.
gClinical populations: 2 or 3 training sessions per week is sufficient.
hIndicates criteria unmet. For further clarification: (1) Cuff pressure met criteria only if it was expressed as percentage limb occlusion pressure, since the

recommendations advise against using 1 pressure; this number may not provide the same occlusion for all individuals. (2) AMAP—if upper limit is not specified,

it is not possible to fully quantify training volume. (3) Loads given in a specific weight are not individualized; despite being selected as ‘‘low load,’’ this cannot be

applied to all people. (4) Number of sessions within the week were not specified (ie, not guaranteed to meet guidelines).
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across all 19 studies, 168 were exposed to BFRT and 154
were controls. Out of the 322 participants, 14 experienced
an adverse event, and only 3 experienced a rare adverse
event. Of the 168 patients undergoing BFRT, 10 experi-
enced some type of adverse event, with only 3 of those
being rare events. Meanwhile, 0 of the 154 control partici-
pants experienced a rare adverse event, but 4 experienced
a common adverse event.

DISCUSSION

The purpose of this review was to evaluate the safety and
potential adverse events related to the clinical use of
BFRT in patients with musculoskeletal disorders. A large
number of studies did not even address safety and therefore
could not be included in this review. The majority of the
RCTs that were included were conducted in patients with
knee-related musculoskeletal conditions. There was no clear
pattern between intervention protocols used and severity of
potential adverse events. Of the 152 patients who received
BFRT as an experimental intervention, no one experienced
a rare adverse event, and only 4 experienced common
adverse events. These events are comparable with the
adverse events seen in patients who receive traditional RT
interventions.14 However, caution is warranted with direct
comparisons, as patients represented different populations
and types of disorders. Of the 141 patients who received
RT without BFRT, 4 experienced common adverse events.
Further discussion is warranted to explain the differences
among BFRT exposures, adverse events, and how clinical
safety applies in a musculoskeletal population.

Intolerance to exercise interventions is commonly
reported, and individuals who participate in physical activ-
ity or exercise programs, including RT, also incur subse-
quent risk of adverse events.19 The risk of BFRT should
be assessed against the risk of comparable interventions.
The National Strength and Conditioning Association
reports 4 injuries per 1000 training hours and 0.35 injuries
per 100 players in a collegiate-athletic population associ-
ated with RT.19 Of all potential exercise-related adverse
events, the American College of Sports Medicine warns
that musculoskeletal injuries are the most common.60

Highlighted variables associated with adverse events
include intensity, preexisting conditions, musculoskeletal
anomalies, and the nature of the training activity.

The nature of BFRT as compared with traditional RT
differs by the intensity of the load and the introduction of
an ischemic cuff. In a national survey of Japanese pro-
viders who utilize BFRT, adverse event rates were
reported as 0.055%, 0.008%, and 0.008% for DVT, pulmo-
nary embolism, and rhabdomyolysis, respectively.51 The
risk for exertional rhabdomyolysis exists when any unac-
customed rigorous activity is performed, and it is not lim-
ited to BFRT.11 While the safety and adverse events of
BFRT are sparsely reported, it appears that the risk of
severe adverse events with BFRT are not greater than
those reported with traditional RT. Similarly, mild adverse
events, including exercise intolerance, discomfort, and dull
pain, are reported with the use of BFRT but do not seem to

be any different or higher in rate than reports from other
RT interventions. It may be that these events are to be
expected with the use of exercise in general. One study
reported that 4 patients dropped out owing to high-
intensity RT exercise-induced knee pain, but none in the
BFRT arm had any adverse events.14 In this case, safety
favored those undergoing BFRT. While discomfort and
pain have been reported in BFRT, patients performing
high-load traditional RT can still experience high levels
of discomfort, even to the point where they cannot com-
plete an exercise protocol.14

BFRT has been reported to increase the rating of per-
ceived exertion and pain response to a lesser extent than
that of high- or low-load RT in healthy men, suggesting lower
discomfort levels with the use of BFRT30,35 and thereby
improving its relevance in patient populations. In a trial com-
paring BFRT with high-load RT in patients undergoing reha-
bilitation from ACL reconstruction surgery, knee pain was
significantly lower in patients using BFRT.21 In addition,
pain is complex and can be influenced by many factors,
including the patient’s fear, beliefs, past experiences,
response to inflammatory processes, and threshold of pain
sensitization.3 Therefore, pain alone may not be the ideal
proxy for determining a valid measure of adverse events.

Guidelines have been developed on the basis of the best
current evidence to help guide the use of BFRT, with
a goal of maximizing clinical outcomes as well as promoting
patient safety.64 These guidelines provide a framework for
performing BFRT, including cuff application, cuff type, limb
occlusion pressure, exercise stimulus, type of exercise, exer-
cise loads, training volume, interset rest, and training fre-
quency. Tables 3 and 4 specify these guidelines and
whether each study met them. Seven of the 9 RCTs adhered
to 8 or 9 of the 9 established evidence-based guidelines for
BFRT use, with only 2 participants reporting a common
adverse event.14,21,30,47,66,67,74 The remaining 2 RCTs fol-
lowed 6 of the 9 guidelines, with only Ohta et al54 reporting
adverse events, noting that discomfort and dull pain were
reported after 12 minutes of occlusion.9 The most common
guideline that was not followed or was unspecified was cuff
type and occlusive pressure. The current recommendation
is to use 50%-80% occlusion pressure, since individualizing
this setting is beneficial as compared with using a single
pressure setting (ie, 200 mm Hg). Studies such as Ohta
et al and Bryk et al9 had the cuff inflated to 1 set pressure
and so were determined to not fit the guideline precisely.

Of the 10 studies based on a case report or case series
design, only 1 met every training variable recommended
in the evidence-based guidelines.20 Two studies adhered
to all but 1 of the training variables, while 4 adhered to 7
of the 9 guidelines.23,28,31,44,61,79 The 3 studies reporting
rare adverse events, including an upper extremity DVT
and 2 cases of exertional rhabdomyolysis, adhered to 1, 6,
and 8 variables.25,31,53 The patient with the diagnosed
left upper extremity DVT was exposed to constant occlu-
sion on the upper limb for 30 minutes to 1 hour, well above
the standard duration observed in other studies and
against the current guidelines. This patient also had a 6-
year history of localized edema in the left clavicle with
mild tenderness leading up to this event. Furthermore,
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in 1 of the cases reporting rhabdomyolysis 2 days after ini-
tial treatment, the patient had a history of DVT after knee
surgery.24 Even more important, after being clinically trea-
ted for rhabdomyolysis, the patient in the study resumed
therapy with BFRT, with no further complications. Both
these individuals may have started out with a higher
risk for adverse events, and greater caution in accordance
with guidelines was likely warranted when BFRT was
used in these cases. In the second case of rhabdomyolysis,
an active duty servicemember was diagnosed 2 days after
completing 1 session of BFRT for rehabilitation of an ankle
sprain.31 He was not deconditioned and had no known sig-
nificant medical history; however, it is unclear at what
loads he was performing BFRT and if this could have con-
tributed to the episode of exertional rhabodmyloysis.31 As
noted by the authors, this is considered a rare case and
warrants that practitioners use caution when performing
BFRT, just as they would with high-load exercise.31 The
underreporting and improper prescription of BFRT varia-
bles are a significant concern and must be addressed
when patient safety is at risk. Understanding the current
guidelines and advocating for consistency in their use is
essential to minimizing risk. Furthermore, understanding
potential risk factors for developing adverse events should
be considered on a case-by-case scenario. While adverse
events may not be completely eliminated when the guide-
lines are followed, the risk of these adverse events may
be greatly reduced when BFRT is prescribed according to
established guidelines.4

Clinical BFRT appears to be a safe exercise-based inter-
vention for use with adult patients with orthopaedic knee
conditions. It is important to understand these results
within the context of their generalizability.27 These findings
were based on adult patients with primarily knee disorders
(knee osteoarthritis, anterior knee pain, reconstructive
arthroscopy, ACL reconstruction) and polymyositis. While
its likely that these results would be similar in other disor-
ders and body regions, the generalizability is an important
consideration for clinicians when working with other popu-
lations or in different settings. The safety in many of these
other disorders may still need to be determined. Further-
more, the large variability in BFRT protocols highlights
the need for a standardized approach to better evaluate
the occurrence of adverse events and the consistency with
which they are reported. Nevertheless, the results from
this systematic review indicate that BFRT is likely safe to
use in clinical populations and has no greater risk than
other RT approaches when it is delivered according to guide-
line recommendations.

Clinical Relevance

BFRT devices aim to therapeutically affect the structure
and function of the body by serving as an exercise adjunct.
Currently, BFRT education and certification are not typi-
cally a part of a physical therapist’s or physician’s aca-
demic curriculum, so BFRT may require additional
training by an accredited medical device manufacturer
for liability purposes. Various pneumatic cuffs are used
in BFRT training and research, including the Delphi

PTSii, KAATSU master, and other cuffs of varying sizes.
All but 1 of the studies evaluated in this review used pneu-
matic devices to provide occlusion (eg, Delphi, Sports
Rehab Tourniquet, and KAATSU). However, there are
individuals utilizing BFRT without formalized training or
by replacing pressure-adjustable cuffs with surgical tubing
or elastic straps.4 These more rudimentary methods may
not completely occlude blood flow, and there is no way of
knowing the occlusion pressure in the vessels. Given that
there is not sufficient evidence to assess the safety of per-
forming BFRT without formal training or using more rudi-
mentary techniques to achieve occlusion, caution must be
used in extending the results of this review to those scenar-
ios. Furthermore, as described by Bond et al,4 cuff pressure
prescription individualized to each patient seems to be the
safest method allowing for proper progression of BFRT, as
well as using cuffs that help disperse the occlusion pres-
sure around the circumference of the given extremity.4,57

By using devices and procedures designed for BFRT, it
may be possible to enhance its safety and standardized
use in clinical populations.

Study Limitations

There are several limitations to consider when assessing
the results of this review. One important consideration is
that case studies with a negative adverse event are more
likely to be published than inconsequential cases, espe-
cially if expansion of the details behind the adverse event
is the focus of the report. Rates based on all other cases
that received treatment without an adverse event are not
possible to discern. Great variability exists in the extent
and type of reporting of adverse events after interventions
in general. One reason is that there is no clear consensus
on what constitutes a reportable adverse event and a valid
way to implicate a causal relationship between the inter-
vention and the adverse event. Most authors were vague
and brief in their description of adverse events. Some con-
sidered muscle soreness an adverse event, while others did
not. All of the studies in this review utilized subjective,
self-reported adverse events with no clearly defined catego-
ries and no indication of how they were defined to the par-
ticipants. This could have affected the accuracy of adverse
event reporting. This review includes only studies that
addressed adverse events, while many others may have
had them but did not report them. Another limitation is
the absence of established criteria for defining categories
of adverse events. In other therapeutic interventions,
such as dry needling, the literature has categorized
adverse events into very common (.1 in 10), common (1-
10 in 100), uncommon (1-10 in 1000), rare (1-10 in
10,000), and very rare (\1 in 10,000), with clearly defined
adverse events in each category.5 Given the lack of criteria
for categorizing adverse events as a result of BFRT, this
review followed classification approaches used for other
similar interventions. Therefore, further research is
needed to improve definitions, classification, and reporting
guidelines related to adverse events that may be associated
with BFRT.
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Future Research Directions

The findings of this review provide the framework for
future research on a rapidly evolving intervention being
used in clinical practice. Despite the introduction of an
evidence-based approach for using BFRT to enhance mus-
cle development in 2015, researchers continue to deviate
from their exposure guidelines.64 Consistent, evidence-
based BFRT protocols must be used in high-quality
research studies to limit dosing variability and cuff set-
tings as confounding variables to adverse events. While
guidelines for safe application have been recently proposed
with discussion on safety considerations, it is unknown
what the risk reduction for adverse events will be with pro-
tocol adherence.58 Additionally, comparing the risk of
adverse events between BFRT and traditional RT inter-
ventions within a large sample of patients with musculo-
skeletal disorders will be useful to discern the risk versus
benefit of these interventions in clinical practice. Further-
more, investigating patients’ medical history for risk of
venous thromboembolism as well as perceived pain, fear,
and other psychological measures with BFRT will contrib-
ute important factors to the safety screening guidelines
assessed before intervention with potentially higher-risk
patients. Last, expanding and improving the reporting of
adverse events among clinical populations using BFRT
(other than those with knee diagnoses) is imperative to
better understand the associated risks.

CONCLUSION

As this technique becomes more widespread, there have
been recent calls from the clinical community for improved
understanding of current BFRT applications, limitations,
and safety considerations to effectively apply this modality
to appropriate patients.46 In conclusion, BFRT appears to
be a safe intervention and even more so when used accord-
ing to evidence-based guidelines and in patients with knee-
related musculoskeletal disorders. However, these results
need to be interpreted with caution given the limited num-
ber of studies, small pooled sample size, and lack of hetero-
geneity for patient populations studied. Further research
is needed to make definitive conclusions about the absolute
safety in all patient populations.
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