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Blood flow restriction training - an intervention to
counteract muscle loss caused by the Covid-19 pandemic
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Abstract

Introduction: Physical inactivity is a major unintended con-
sequence of the social distancing imposed by the Covid-19
pandemic. Increased physical inactivity and sedentary behav-
iors have profound physiological impacts on muscular health,
leading to muscle and strength losses that are associated with
lower performance and higher mortality rates. In the so-called
“new normal”, exercise routines must find alternative ways to
replace high-intensity resistance exercises, since resources are
limited in home environments. Blood flow restriction (BFR)
is a low-intensity training method involving compressive
pressure of the vasculature by use of a tourniquet cuff in the
proximal portion of the upper and lower limbs. BFR has been
demonstrated to be a safe and efficient training modality
to promote muscle and strength gains in different groups,
including those under musculoskeletal rehabilitation, young
and older adults, and athletes. Objective: This review aims
to show that BFR training is an effective intervention for
counteracting losses of muscle mass and function caused by
Covid-19. Methods: A review of the scientific literature was
conducted on electronic databases, such as PubMed, Scielo and
Web of Science, covering the period 2000-2020. Results: We
advocate the use of BFR training as an urgent counteracting
intervention to prevent muscle and strength losses during so-
cial distancing and propose a progressive home-based protocol
based on wide array of literature. Conclusion: This evidence
can help practitioners, personal trainers, physical therapists,
and physician assistants to implement an alternative exercise
routine that may prevent the deleterious physiological effects
of physical inactivity on muscle function during intermittent
social distancing.

Keywords: Covid-19; Physical activity; Resistance exercise;
Blood flow; Muscular system.

Introduction

Since the World Health Organization (WHO)
declared the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) outbreak to be a pandemic,
on 11 March, 2020, governments have sought to min-
imize the mortality due to coronavirus disease 2019
(Covid-19) by avoiding an exponential number of new
cases, managing the impact on the economy, and flat-
tening the epidemic curve while awaiting widespread
vaccination. Vaccine distribution, social distancing and
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mask use continue to be the most important approach-
es to control the Covid-19 pandemic.

Although widely recommended, social distancing
has several unintended public health consequences.
From more domestic violence against women, increases
in mental health disorders, restrictions in access to food
and adequate nutrition, to a sharp drop in treatment
of other illnesses, social distancing imposes significant
public health challenges.

Responsible for 6% of the burden of coronary heart
disease, 7% of type 2 diabetes mellitus, 10% of breast
and colon cancers and 9% of premature mortality,
while killing more than 5 million people every year
and having substantial social and economic impacts,
physical inactivity is one of the most important
unintended consequences of the social distancing
imposed by the Covid-19 pandemic.!2

Even before Covid-19, levels of physical inactivity
were as high as 70% in certain countries, due to chang-
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ing transportation patterns, increased use of technol-
ogy, and urbanization.® Worldwide, 1 in 4 adults, and
3 in 4 adolescents (aged 11-17 years), do not currently
meet the global recommendations of 150 minutes per
week of moderate-intensity physical activity, the per-
formance of which has become even more challenging
during the Covid-19 pandemic.*

Physical inactivity becomes even more important
since clinical and epidemiological data have demonstrat-
ed a link between the recommended levels of physical
activity and a reduction in the prevalence of hospital-
ization due to Covid-19, as well as in the severity of the
disease. A study published by Sallis e cols.(2021), which an-
alyzed 48,440 adults infected with SARS-COV-2, showed
that those who did not meet the recommended levels
of physical activity of 150 minutes per week presented
higher rates of hospitalization, intensive care unit admis-
sionsand premature mortality, when compared to those
considered active, after adjustment for demographic and
other risk factors for severe Covid-195

Current physical activity guidelines recommend
that physical exercise programs include neuromotor,
stretching, aerobic and resistance activities. An opti-
mal combination of frequency, intensity, duration,
type, volume and progression of exercise, together
with main goals, health status and fitness level of
practitioners are mandatory aspects of an exercise pro-
gram to improve physical fitness and health, without
compromising safety.

From clinical care to athletic performance at an
elite level, resistance exercise is a core component of
any training program. Guidelines recommend that resis-
tance training (RT) should involve large muscle groups
at least 2-3 times a week, with intensities associated to
muscular adaptations ranging from 60 to 80% of one
repetition maximum (1 RM), including 8-10 exercises,
2-3 sets per exercise, with 8-12 repetitions, and a resting
interval of 2-3 minutes between sets.°

However, during the expected intermittent
social distancing at home, concern arises about the
application of exercise intensity, especially for RT,
which usually requires specific equipment that is not
readily available to most people in their homes. In
other words, workloads with intensities >60-70% of
1RM, which are in turn associated with hypertrophic
and neuromuscular adaptations, become more difficult
to implement in home environments.

Thelack of an optimal RT prescription is associated
with a loss of muscle mass, the result of an imbalance
between protein synthesis and degradation. This affects

athletic performance, since studies show a reduction in
fibrillar structure after 15 days of detraining,” changes of
fast-type fibers into slow-twitch types after 4 weeks® and
reductions of 7 to0 12% in strength after a period of 8 to 12
weeks.” Even though some studies have shown that low-
intensity RT to muscular failure can promote muscle
hypertrophy, cross-sectional comparisons suggest that
strength and skeletal muscle mass gains are not as great
as those achieved with high-intensity RT.°

From a health perspective, regular RT has been
demonstrated to be an independent predictor of all-cause
mortality in the general population,! indicating the
clinical importance of muscle health. In older adults, a
high-risk group for severe illness from Covid-19,2 declines
in skeletal muscle mass and strength have been associated
with functional impairment, physical dependence,
poor quality of life, institutionalization, higher rates of
hospitalization, and risk of morbidity and mortality.?

All these findings reinforce the importance of
novel approaches to counteract muscle lossimposed by
home social distancing. In the so-called “new normal”,
exercise routines must use alternative means to replace
optimal RT intensities, since resources are limited.
Below, we propose a home-based training method,
considering recent findings associated to increases in
muscle and strength gains even in the absence of high-
intensity workloads.

Inrecent years, evidence hasaccumulated indicating
that low-intensity RT performed with blood flow
restriction (BFR) promotes increases in muscle mass
and strength. Results are promising for several different
groups, including subjects undergoing musculoskeletal
rehabilitation, older subjects, young adults, athletes, and
other clinical populations.*

BFRinvolvescompressive pressure of the vasculature,
using a tourniquet cuff in the proximal portion of
the upper and lower limbs, which leads to a venous
occlusion and a reduction of arterial blood flow in the
distal portion of the cuff. Restriction levels vary among
studies from 50 to 300mmHg and exercise workloads
are usually set from 20 to 40% of individuals’ maximal
strength. BFR training has been mainly investigated
with resistance exercises but is also associated with
low-intensity aerobic (walking and cycling) exercise
and passive activity, without exercise.

Several groups have described different physio-
logical pathways associated with acute and chronic
muscle effects of BFR training. There is a consensus,
however, that the hypoxia triggered by the mechan-
ical compression of cuff inflation reduces intracel-
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lular pH levels and adenosine triphosphate (ATP)
resphosphorylation, triggering a cascade of events
associated with the regulation of cell energy-sensing
mechanisms.!

Some of these physiological and molecular
mechanisms are described as follows: a) increase
in intramuscular metabolic stress (ATP hydrolysis,
depletion of phosphocreatine, increases in inorganic
phosphate, reduction of pH and increment of lactate);
b) increase in plasma levels of several hormones and
growth factors, such as growth hormone (GH), insulin-
like growth factor 1 IGF-1), testosterone and cortisol; ¢)
recruitment of fast-twitch muscle fibers; d) activation
of intracellular signaling pathways for muscle protein
synthesis (mTOR pathway); e) decrease of mRNA gene
expression of myostatin; f) increase of heat shock
protein; and g) increase of nitric oxide synthase-1.5Figure
1 depicts an evidence-based theoretical model of the
physiological responses associated with BFR.

These findings have important implications for
individuals who cannot tolerate the mechanical
stress of high-intensity RT, such as those undergoing
musculoskeletal rehabilitation and older subjects.
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Moreover, considering the Covid-19 pandemic and
the limitations in resources imposed by intermittent
home distancing, BFR training can be considered as an
alternative intervention for a larger group of people,
comprising young adults, athletes, and older sub-groups,
including fragile and sarcopenic subjects. In Table 1,
we present some relevant well-designed studies of BFR
training for these specific groups.

In general, these studies confirm the results of
previous studies, which demonstrate increases in muscle
mass and strength after a period of BFR training. It is
noteworthy, however, that greater strength gains are
usually observed in cases of high-intensity RT than
in BFR, after adjustment for potential moderators.!s
Inversely, increases in muscle mass seem to be similar
when results of high-intensity RT and low-intensity
activity with BER are compared, even when differences
in occlusion pressure or cuff width are taken into
account. Considering the similar gains in muscle
mass and the fact that BFR training elicits superior
strength gains when compared to low-intensity RT,”
we advocate that this novel training method should be
used for individuals unable to tolerate high-intensity
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Figure 1. Physiological responses associated with blood flow restriction exercise

Legend: RM — repetition maximum, ATP - adenosine triphosphate, H+ ions —ions of hydrogen, mTOR - mammalian target of rapamycin.

Source: The authors (2022).
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Table 1. Studies of BFR training in musculoskeletal rehabilitation, older subjects, subjects, young adults and athletes
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Population Stud . . . Number of sets and repe- - Assessments -
Authors P . Age (yrs) ) v Exercises Duration Frequency Intensity L. P Restriction level Main findings
studied design titions Hypertrophy Strength
MUSCULOSKELETAL REHABILITATION
48 women HI: 80% of 1RM HI: ™ 1MR of leg press in 33% and of knee extension in 22%
Ferraz et al. (2017) with knee 5010 65 RCT Leg press and knee 12 weeks 2 days/week LI-. 300/0 of 1RM 4-5 sets of 10 reps 97.4 7.6 mmHg Tomography for 1RM leg press, 1RM knee LI-BFR: I 1MR of leg press in 26% and of knee extension in 23%
: osteoarthritis extension v LI—B#R' 3;y of 1RM 4-5 sets of 15 reps (70% of occlusive pressure) quadriceps CSA extension HI: I Quadriceps CSA in 8%
et LI-BFR: P Quadriceps CSA in 7%
HI: P 1MR of leg press in 24%
48 women with HI: 1 1MR of knee extension in 24%
. X Leg press and knee HI: 70% of 1RM HI: 4-5 sets of 10 reps 108.9 + 14.6 mmHg Tomography for 1RM leg press, 1RM knee LI-BFR: P 1MR of leg press in 23%
e 01es el (AT rh:;;nr?:ics)ld i@y e extension Z2uele 2 days/week LI-BFR: 30% of 1RM LI-BFR: 4-5 sets of 15 reps (70% occlusive pressure) quadriceps CSA extension LI-BFR: P 1MR of knee extension in 20%
HI: I Quadriceps CSA in 10.8%
LI-BFR: 1 Quadriceps CSA in 9.5%
. Deadlift, back squat HI: 3 days/ LI-BFR: 1 CSAin 7%
. - +
Ladlow et al. (2018) zli:l\::"vr::)h 19to4g  Single-blind and lunges - HI 3 weeks week HI LI-BF:'I'44s::So?f165 81rsep155 and (60‘:’[/22f-|ir::13bn;:;’l-lugsive MRIfor quadriceps  5RM leg press and SRM HI: T CSA In 5%
’ iniur RCT Leg press and knee LI-BFR: LI-BFR: 30% of 1RM ’ 30re s' ! ° ressure) CSA knee extension LI-BFR /" strength by leg press in 16% and knee extension in 40%
jury extension - LI-BFR twice/day P P HI: 1 strength by leg press in 25% and knee extension in 24%
41 men knee Double-blind . CON: PM1MR of leg press in 4.7%
+ 0, o
Segal et al. (2015) e 56.1+7.7 RCT Bilateral leg press 4 weeks 3 days/week 30% of 1RM 4 sets of 30, 15, 15 and 15 reps 100 - 200 mmHg 1RM leg press “LI-BFR: MR of leg press in 3.1%"
40 women Double-blind LI-BFR: I 1MR of leg press in 28 + 4 kg
Segal et al. (2015) with knee 45 to 65 RCT Bilateral leg press 4 weeks 3 days/week 30% of 1IRM 4 sets of 30, 15, 15 and 15 reps 100 - 140 mmHg MRI of quadriceps 1RM leg press CON: M 1MR of leg press in 15 + 4 kg
osteoarthritis <> Quadriceps volume in both groups
OLDER SUBJECTS
) - LI-BFR: T 1MR of leg press in 17%
50% of the maximum tibial
. 14 men and 9 o . LI-BFR: 20-30% of 1RM 1 set x 30 reps + 3 sets x 15 reps . . HI: 1 1MR of leg press in 54%
Vechin et al. (2015) women 59to 71 RCT 45° leg press exercise 12 weeks 2 days HI: 70-80% of 1RM 4 sets x 10 reps arterlilespsrfrseair;l(ar\r/‘::ge) cuff Quadriceps CSA 1RM leg press LI-BFR: 1 quadriceps CSA in 6.6%
P B 8 HI: 4 quadriceps CSA in 7.9%
50% of resting occlusion SFIARS 4P 7 GE5
A A o . CT-BFR: 20-30% of 1RM 1 set x 30 reps + 3 sets x 15 reps ° . CT-HI: 1 CSAin 7.3%
+ =
Libardi et al. (2015) 25 healthy men 64.7+4.1 RCT 45° leg press exercise 12 weeks 2 days CT-HI: 70-80% of 1RM 4 sets x 10 reps pressu; T;e(:ari?np;e)ssure Quadriceps CSA 1RM leg press CT-BFR: 1 1MR of leg press in 35.4%
e g CT-HI: D 1MR of leg press in 38.1%
) . . Leg extensition - isokinetic LI-BFR: T 1MR tests (leg extension in 24% and leg press in 12%)
Leg extension, leg curl 1.5 times brachial SBP .
36 (men and ! LI-BFR: 30-50% of 1RM . . dynamometer - MVC LI-BFR: P CSA in 4.3%
=184+
Cook et al. (2017) women) 73.4t0 78.5 RCT ani:;r::;::\a;:\leeg 12 weeks 2 days HI: 70% of 1RM 3 sets to failure (average ;:::ls_luT 184+25 Quadriceps CSA 1RM leg extension HI: I MVC in 16%
P g and leg press HI: P CSAin 3.6%
Latissimus pull down .
Y LI-BFR: P CSAin 1.3+ 0.7%
. 10,
Karabulut etal, (2013) 30 healthyolder . o o6 RCT ety s HEs o 3 days B E0% &7 A 1 set x 30 reps + 2 sets x 15 reps 160 - 240 mmHg IS E 7 HI: 1 CSA in 3.7 £ 0.8%
males curl, leg press and LI-BFR: 20% of 1RM quadriceps CSA .
knee extension CON: 1 CSAin 1.5+ 0.4%
LI-BFR high: 1 peak torque of knee extension in 27.2 and 25.2%
LI-BFR high: 1 peak torque of knee flexion in 36.7 and 35.8%
. . . I LI-BFR low: 1 peak torque of knee extension in 15.7 and 18.9%
Letiere et al (2018) Sﬁjﬁqz\;e 68.8 + 5.09 Dout;:(e::rbllnd :jtueant;::f :r:fjslsel k:j: 16 weeks 3 days Knee E;tigf:‘(:):;:rkmehc LI-BFR low: 1 peak torque of knee flexion in 22.8 and 24.9%
& Y HI: P peak torque of knee extension in 13.8 and 30.4%
HI: I peak torque of knee flexion in 34.9 and 26.1%
LI and CON: <> peak torque
Lat pull down, biceps R el Gt Bifeaes HI: D 13.2% (lat pull down), 1 9.6% (shoulder press), 1 20.4% (leg press)
Karabulut et al. (2010) 37 healthy older 50 to 64 RCT curl, shoulder press, 8 weeks 3 davs HI: 80% of 1RM 3 sets of 8 reps Mean restrictive pressure = curl shc’:ulder re;s Iep LI-BFR: P 15.9% (lat pull down), 1 8.6% (shoulder press), T 19.3% (leg press)
: males leg press, and leg Y LI-BFR: 20% of 1RM 1 set of 30 reps and 2 of 15 reps 205.4 + 4.3 mmHg re;s and e epxten;ior% HI: ™ 22.9% (biceps curl), T 31.2% (leg extension)
extension P 8 LI-BFR: 1 19.3% (biceps curl), 1 19.1% (leg extension)
LI-BFR: D CSA of biceps brachil in 20.3%
LI: I CSA of biceps brachil in 6.9%
. 10,
24 healthy Single-arm dumbbell LI: 50% of 1RM e - I HI: I CSA of biceps brachil in 18.4%
Takarada et al. (2000) postmenopausal 47 to 67 RCT R 16 weeks 2 days BFR: 50% of 1RM 3 sets until failure 110+ 7.1 mmHg MRI of brachii Isokinetic dynamometer . ST o
women curl exercises HI: 80% of 1RM LI-BFR: I torque of elbow flexion in 18.4%

LI: /M torque of elbow flexion in 1.04%
HI: P torque of elbow flexion in 22.6%

Legend: BFR: blood flow restriction. CON: control condition. RCT: randomized controlled trial. CSA: cross-sectional area. MRI: Magnetic
Resonance Imaging. CT: concurrent training. EMG: electromyography. Hl: high-intensity exercise. HT: hypoxic training. LI: low intensity
exercise. MDS: maximum dynamic strength. Min: minute. MVC: maximum voluntary contraction. RM: repetition maximum. Rep: repetition.
SBP: systolic blood pressure. S: second. 1*: increased. <>: maintained. | : decreased.
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Table 1. Studies of BFR training in musculoskeletal rehabilitation, older subjects, subjects, young adults and athletes (cont.)

Population Stud . . . Number of sets and repe- - Assessments -
Authors P . Age (yrs) ) v Exercises Duration Frequency Intensity L. P Restriction level Main findings
studied design titions Hypertrophy Strength
YOUNG ADULTS
Triceps extension
and biceps flexion . o 1 set of 30 reps and 3 sets of BFR: I muscle activation in 46% triceps extension and in 69% biceps flexion
Yasuda etal. (2014) 9 healthy men 2Btoal RCT exercises using elastic 3 weeks 1day BFR: 15 t0 20% of 1 RM 15 reps 17010 260 mmHg EMG CON: <> muscle activation in 12% triceps extension and in 23% biceps flexion
band
40% of occlusion pressure
+
BFR 20/40: 20% of 1RM 2 to 3 sets of 15 rep SOV(z?fCZIZ.SiGOr:ml:egs)sure BFR 20/40: 1 CSA in 0.78 % and 1 MDS in 10.30%
Unilateral knee BFR 20/80: 20% of 1RM 2 to 3 sets of 15 rep '(3109 6+9.4 mr’;H ) OVEEHEES GEE BFR 20/80: 1 CSA in 3.22 % and ™ MDS in 13.20%
Lixandrdo et al. (2015) 26 Inactive men RCT S 12 weeks 2 days BFR 40/40: 40% of 1RM 2 to 3 sets of 15 rep 40% of <;cc_lus.ion refsure C;)A 1 MR knee extension - MDS BFR 40/40: I CSA in 4.45 % and > MDS in 12.20%
BFR 40/80: 40% of 1RM 2 to 3 sets of 15 rep 0(54 5+46 mr’TJ1H ) BFR 40/80: 1 CSA in 5.30 % and 1 MDS in 12.70%
HI: 80% of 1RM 2 to 3 sets of 10 rep o & HI: 80 P CSAin 5.90 % and 1 MDS in 21.60%
80% of occlusion pressure
(105.0 + 18.5 mmHg)
16 young, Bilateral knee LI-BFR: 30% of 1RM 3 sets ultil failure 30% above the resting Knee extension LI-BFR: 1 strength in 8%
Clark etal. (2011) healthy adults 181030 RCT extension 4 weeks 3 days HI: 80% of 1RM 3 sets until failure brachial SBP dynamometer (MedX) HI: 1 strength in 13%
Shinohara et al 5 untrained Controlled One-legged voluntary
to experimenta isometric knee weeks ays b Of sets x 3 min schemia at > mmHg nee extension - -BFR: 6 in 2 weeks an 6 in 4 weeks
(1998) : males 19 to 29 i | i ick 4 k 3d 40 % of MVC 3 3 mi Ischemi 250 H K i MvC LI-BFR: P MVC 9% in 2 k d 26% in 4 k
study extension
ATHLETES
. 0, H
12 trained II-III.- 622;2:11::: ]:()):22:12: LI-BFR: D intramuscular phosphocreatine in edurance runners 24.6 + 1.4%
. 0 . . . .
males (sprinters Unilateral plantar LI-BFR: 20% of 1RM for X . Recruitment of fast- CCRS ) mtramuscul-ar phos‘phocreatlne |‘n ST EADE RIS
Takada et al. (2012) 19 to 20 RCT N . 1 week 2 days . 30 reps per min 130% of resting SBP . X HI: 1 inorganic phosphate in 100%
and endurance flexion exercise 2 min (L-BFR) twitch fibers R ) N o
S — LI-BER: 20% of 1RM for 3 L-BRF: 1 inorganic phosphate in 33.3 %
min kprolonged-BFR) Prolonged-BFR: /" inorganic phosphate in 83.3%
LI-BFR: P MVC 3 seconds in 11.0 + 11.9%
LI-HT: ™ MVC 3 seconds in 15.0 + 13.1%
Bilateral knee Increased by 10 mmHg each LI-BFR: 7' CSA extensors in 5.7 + 4.0%
Manimmanakorn et 30 female 202+33 RCT extensions and 5 weeks 3 days 20% of 1RM 3 sets of knee extensions and dav: dav 1 (\;.60 mmHg) and MRI of quadriceps 1RM knee extension LI-HT: 1 CSA extensors in 2.8 + 1.8%
al. (2012) netballers e flexions 4 CON, LI-BFR and LI-HT 3 sets of knee flexions to failure Vi day8 (230 mmHg) q P and flexios CON: 1 CSA extensors in 2.4 + 1.7%
v g LI-BFR: CSA flexors muscles in 7.7 + 5.0%
LI-HT: P CSA flexors muscles in 10.0 + 5.0%
CON: 1 CSA flexors muscles in 3.4 £ 3.4%
LI-BFR: I strength in 14.3 £ 2.0%
"Controlled Bilateral knee ) _ . LI: P strength 3.2 + 2.3%
Takarada et al. (2002) 7 zlallzttfby Around 27  experimental extension and leg 8 weeks 2 days 50% of 1IRM s/ miasn;ip(;r;eam set= 196 £ 5.7 mmHg MRI of quadriceps 0L kn:aee exrt:SnSsmn 20 untrained-CON <> strength
study"” press T ep LI-BFR: I CSA 15% in knee extensors
untrained-CON <> CSA in knee extensors
Leg squat, bench .
20 male rugby X 1 MR leg squat and bench BFR: I bench press in 8.6 + 5.8 kg (+ 1.4% compare to CON)
+ o
Cook et al. (2014) athletes 215+14 RCT press, ;zﬁ_\;v;lghted 3 weeks 3 days 70% of 1IRM 5 sets of 5 rep 180 mmHg press BFR: 7} leg squat in 12.0 + 6.7 kg (+ 0.4% compare to CON)
6 young male Bilateral knee 5 sets, until exhaustion (mean 1RM bllra.\telial leg extension ' ' .
Takarada et al. (2000) s 221022 RCT e 4 weeks 1 day 20% of 1RM rep per set = 14.4 £ 1.6) 214 + 7.7 mmHg. exercise in the seated LI-BFR: 1 iEMG in 1.8 times

position (EMG)

Legend: BFR: blood flow restriction. CON: control condition. RCT: randomized controlled trial. CSA: cross-sectional area. MRI: Magnetic
Resonance Imaging. CT: concurrent training. EMG: electromyography. Hl: high-intensity exercise. HT: hypoxic training. LI: low intensity
exercise. MDS: maximum dynamic strength. Min: minute. MVC: maximum voluntary contraction. RM: repetition maximum. Rep: repetition.
SBP: systolic blood pressure. S: second. 1*: increased. <>: maintained. | : decreased.
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RT.In a context of intermittent social distancing, these
recommendations are further extended to all those with
limited resources in their home environments in which
to implement high-intensity RT routines.

As is the case in conventional RT, the optimal
prescription of BFR must take into account common
training variables and goals, as well as the health
status and fitness level of practitioners. In addition, the
application of BFR should also consider cuff pressures
(restriction level and duration), width, and material.
Considerations on BFR methodology and application
were published in a recent review by Patterson e cols,,
where all these aspects are presented for three different
modalities of BFR, as follows: a) voluntary resistance
BER exercise; b) voluntary aerobic BFR exercise; and ¢)
passive BFR without exercise. In general, BFR training
may be performed 2-3 times a week, and, in light of
the faster recovery associated with the low-intensity
variant, can be applied once or twice a day, regardless
of the modality.* Cuff pressure is recommended to
range from 60 to 80% of the arterial occlusion pressure
(AOP), regardless of cuff width and material. This range
represents a safe and effective pressure according to
many results in the literature. Cuff pressures above
occlusion or resting systolic blood pressure have been
associated with higher cardiovascular responses and
greater discomfort during and after exercise.d

In the case of passive BFR without exercise, however,
higher pressures (80 to 100% of AOP) may be required
to prevent muscle atrophy.”” From subjects under
rehabilitation to athletes, workloads corresponding to
20t040% of 1IRM are recommended for gains in muscle
strength and muscle mass. When aerobic BFR exercises
are performed, the intensity may be lower than 50%
of maximal oxygen uptake or heart rate reserve. For
passive BFR, where exercise is absent, adjustment of the
cuff pressure and restriction time (5 minutes duration) is
essential to achieve better results.* In all BFR modalities,
unilateral or bilateral exercises can be performed for
both arms and legs.

Home-based progressive protocol of
BFR training

Based on the evidence and recommendations, we
propose a simple progressive home-based BFR protocol
that takes into account the limited resources and the
safety of practitioners. In Table 2, four different BFR
training protocols are described as phases. However,
progress through the phases is not mandatory;

depending on their clinical status and goals, subjects
may stay in a single phase for weeks. The Borg scale
should be used in each session of exercises to rank
participants’ perceived exertion and to measure progress
in each phase. Weekly messages must be sent to reinforce
the usage instructions. Remote supervision (through
explanatory videos, text messages and phone calls)
of subjects must be performed by physical education
professionals and physiotherapists in order to provide
instructions about the methodology and application
of BER training.

Passive BFR training is designed for individuals with
musculoskeletal disorders, lower limb injuries or pain
with limited range motion, including older subjects.
This group may include subjects waiting for knee
surgery at home, since many elective surgeries have
been postponed due to the Covid-19 pandemic. In the
first week, passive BFR may be performed with 1 or 2
sets with 5 minutes of restriction, at 40% of AOP. In the
following weeks, the number of sets and the pressure
may be increased according to the guidance presented
in Table 2. As patients proceed to surgery and wait for
musculoskeletal rehabilitation, they can progress to
phase 2, in which BFR is associated with walking or
stationary cycling.

In this phase, we include inactive adults with
more than 6 months without RT and older subjects
with preserved functional autonomy. Since studies
demonstrate[20, 21] that low intensity (<50% of heart
rate reserve) is associated with increases in muscle
mass and strength, we suggest, in a context of limited
resources, that a self-perceived comfort pace isapplicable
to all subjects in this phase. As these groups become
more comfortable with BFR, they can pass to phase 3
and initiate a RT program with BFR. A combination of
walking and RT-BFR is possible. Designed for subjects
with low fitness levels, we do not recommend that cuff
pressures exceed 60% of AOP and workloads 20% of
1RM in this phase.

Finally, considering the lack of support at home
from a personal trainer or a physical therapist, we suggest
that only active adults with higher fitness levels and a
history of RT and athletes proceed to phase 4, following
the recommendations in Table 2. Although safe,
whenever possible, telehealth support is recommended
to all who wish to implement this program, especially
those that proceed to phase 4.

Two important aspects must be considered before
implementing a BFR routine. Firstly, the calculation of
the correct percentage of AOP to set cuff restriction
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Table 2. Home-based progressive model of BFR training

1 - PASSIVE BFR 2 - WALKING with BFR

3 - RT BFR (low fitness level)

4 - RT BFR (high fitness level)

Target Groups
All under MSR* - limited
range motion
Older subjects - joint pain
Older subjects - limited
range motion
Cuff pressure
First week: 40% of AOP
Next weeks: 80% of AOP
Number of sets
First week: 1 to 2
Next weeks: 3 to 5
Repetitions
Passive (without exercise)
Restriction time
5 min interval (3 min of
resting)

Target Groups
Subjects after MSR
Physically inactive adults
Older subjects
Cuff pressure
First week: 40 to 50% of AOP
Next weeks: 60 to 80% of
AOP
Number of sets
First week: 1 to 2
Next weeks: 3 to 4
Repetitions
Walking or stationary cycling
Restriction time
5 min interval (1min rest)
Intensity
Comfortable pace

Target Groups

Subjects after MSR
Physically inactive adults
Older subjects

Cuff pressure

First week: 40% to 50% of
AOP

Next weeks: 60% of AOP
Number of sets

First week: 1 to 2

Next weeks: 3

Repetitions

30x15x15x15 (1min rest)
Intensity

Target Groups
Physically active adults
Athletes
Cuff pressure
First week: 50% of AOP
Next weeks: 80% of AOP
Number of sets
First week: 2 to 3
Next weeks: 4 to 5
Repetitions
Concentric failure (30secs
rest)
Intensity
30 to 40% of 1 MR

20% of 1 MR

Legend: BFR: blood flow restriction. MSR: musculoskeletal rehabilitation. AOP: arterial occlusion pressure: RM: repetition
maximum. * Patients after major orthopedic surgery, hip or long bone fractures must contact the physician assistant before

implementing this program.
Source: Authors (2022).

for both upper and lower limbs and, secondly, the
correct workload, expressed as percentage of 1 MR. We
recommend the purchase of two commercially available
standard aneroid sphygmomanometers that fit both
thighs and arms for pressure settings and training. We
suggest the following steps to set up the cuff pressure:
1) finding the AOP—to find the AOP, subjects should
position the cuff in the proximal portion of the limbs
(preferably in the exercise position) and inflate the
cuff until they do not fell radial (arm) and popliteal or
dorsalis pedis (leg) pulses. Detailed information on how
to assess the radial, popliteal, or dorsalis pedis pulses is
available from Hill and Smith;?? 2) calculation of the
training cuff pressure (% of AOP)—after finding the AOD,
simple mathematical calculations can be applied to set
the recommended % of cuff pressure, according to the
type and phase of BFR training in Table 2. Calculation
of the workload in the home environment is not simple
because it requires a maximal repetition test. In the
social distancing context, however, we recommend
two alternatives. The first applies to those who used to
perform RT before social distancing, who may utilize
their previous workloads as a parameter to estimate
the % of 1RM for the BFR training. As an example,
suppose that the 10 RM workload for someone’s leg
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extension exercise is 50kg. Considering that 10 RM is
the equivalent of approximately 75% of 1RM, after a
simple mathematical calculation, we may assume that
the proportional 20% of 1RM would be 13 kg. The same
calculation can be applied for a biceps curl exercise.
Considering a 10 RM workload of 12kg, 20% of 1RM for
BER training would be approximately 3kg. The second
alternative applies to patients with musculoskeletal
disorders awaiting surgery or in post-surgery awaiting
rehabilitation, since previous workloads are invalid, and
for those who did not have their previous workloads
measured. In these cases, we recommend the use of the
repetition perceived scale as a proxy of very light or light
intensity.?* To keep these recommendations as simple as
possible, we suggest a sequence of 5 exercises (phases 3
and 4), as follows: a) dumbbell biceps curl; b) dumbbell
triceps extension; c) leg extension (sit on a chair), d)
standing leg curl; and e) calf exercise (exercises 4 and 5
are better performed with arm support for balance). A
description of how to perform these exercises may be
found from Clay.2* Highly trained adults and athletes
may add other exercises, since they are familiar with
the execution and safety of more complex programs.
It is important to note that this home-based
protocol is not intended to replace high-intensity
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RT indefinitely. On the contrary, this protocol is
only recommended as an alternative approach to
counteract losses in muscle mass and strength during
periods of social distancing imposed as a result of the
Covid-19 pandemic. As governments re-open services
following the safety procedures of health and scientific
authorities, all these groups should return to their
previous, supervised exercise routines or rehabilitation.

Safety Considerations

Concerns associated with BFR are usually related
to central and peripheral cardiovascular responses and
muscle damage. Detailed discussions of these aspects
have been published in several review studies and are
beyond the scope of the current study.'*25? However,
considering the fact the present study proposes a
home-based BFR protocol, some safety aspects will
now be presented. The effect of BFR on the central
cardiovascular response depends on the level of BFR and
mode of application (i.e, continuous vs. intermittent).
Studies in which cuff pressure is maintained during
rest intervals (continuous BFR) have generally found
increases in heart rate, systolic blood pressure and
diastolic blood pressure when compared with the
same exercise in free flow conditions?**']. On the other
hand, when compared to conventional RT, central
cardiovascular responses during BFR are significantly
lower.32% In addition, prior studies have demonstrated
that greater relative restrictive pressures increase the
central cardiovascular responses to BFR® and therefore
the potential risk associated with the combination
of RT and BFR. This is important since our protocol
proposes the application of progressive and restrictive
levels up to 80% of AOP, which can reduce the central
hemodynamic stress. All these aspects suggest that BFR
with occlusion levels below AOP is safe, at least in terms
of central hemodynamic responses.

Regarding peripheral risks associated with BFR
training, there is an inherent caution regarding the
formation of deep vein thrombosis due to external
compression of the vasculature. Many trials using BFR
havenot directly measured venous thromboembolism
formation or used diagnostic imaging. However,
minimal adverse events pertaining to venous
thromboembolism have been reported. Madarame e
cols. assessed blood coagulation markers in patients with
a history of ischemic heart disease. Although elevated,
D-dimer and C-reactive protein remained within
normal clinical ranges when compared with free flow

conditions.* Again, itisimportant to note that all studies
investigating the peripheral risks associated with BFR
exercises have applied high levels of occlusive pressure,
which is not the case of the present protocol. A recent
study published by Kambic e cols. aimed to evaluate
the safety and efficacy of BFR resistance training in
patients with coronary artery disease compared to
usual care.¥ The following outcomes were assessed
before and after 8 weeks of BFR with intensity set at
30-40% 1 MR (unilateral knee extension) and occlusion
of 15-20mmHg above resting brachial blood pressure: i)
ultrasonographic assessment of vastus lateralis diameter
and systemic flow-mediated dilation (brachial artery); ii)
markers of inflammation (CD40 and TNF-w); iii) fasting
glucose and insulin levels. The BFR improved muscle
strength and was considered safe. It has therefore been
put forward as an alternative option to aerobic exercise
in patients with coronary artery disease. In short, aspects
related to the risks of BFR were carefully considered
when designing our training protocol.

Given the exposure, we believe that the current
protocol is safe, especially because of the low level of
occlusion applied to elicit BFR. Nonetheless, considering
the need for more studies and the lack of in-person
professional support imposed by social distancing,
contraindications may apply for those with peripheral
artery disease, clotting disorders, heightened risk of
venous thromboembolism (pregnancies and after
major orthopedic surgery, hip or long bone fractures),
renal impairment and uncontrolled hypertension. In
addition, since one of the unintended consequences of
the Covid-19 pandemicis the interruption of treatment
of many chronic diseases,® we strongly recommend
that those subject to these conditions control their
clinical status before implementing BFR or any
other training regimen. For this purpose, telehealth
technology may be applicable* Our research group
has accumulated ten years of experience in application
of BFR, mostly with older subjects, without any serious
clinical intercurrence to date. This includes a 91-year
old sedentary man presenting exhaustion, lower-limb
weakness, history of hypertension and multiple falls,
diagnosed with sarcopenia who underwent 12 weeks
of BFR with workloads corresponding to 30% of 1IRM
and cuff pressures set at 50% of resting systolic blood
pressure (mean cuff pressure of 65 mmHg), three times
a week. After the training period, appendicular skeletal
mass, handgrip and isokinetic strength of knee extension
and endothelial function were improved without any
clinical intercurrence.*
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In the present study, we propose a progressive
home-based protocol of BFR training that may be
helpful in mitigating the muscle and strength losses
associated with the social distancing imposed by the
Covid-19 pandemic. The main limitation of this study
is that the suggested program was not tested during the
pandemicscenario. However, it isimportant tomention
that it is supported by robust literature. Therefore,
this protocol is believed to be safe and efficient, while
recognizing that it should be applied carefully and
gradually over time to ensure protective adaptations

References

1. Ding D, Lawson KD, Kolbe-Alexander TL, et al. The econom-
ic burden of physical inactivity: a global analysis of major
non-communicable diseases. Lancet. 2016;388(10051):1311-
24.doi:10.1016/s0140-6736(16)30383-x

2. Lee IM, Shiroma EJ, Lobelo F, et al. Effect of physical inactivity
on major non-communicable diseases worldwide: an analy-
sis of burden of disease and life expectancy. Lancet. 2012;
380(9838):219-29.d0i:10.1016/s0140-6736(12)61031-9

3. Guthold R, Stevens GA, Riley LM, et al. Worldwide trends in in-
sufficient physical activity from 2001 to 2016: a pooled analysis
of 358 population-based surveys with 1-9 million participants.
Lancet Glob Health. 2018;6(10):e1077-e86.d0i:10.1016/s2214-
109x(18)30357-7

4. Sallis JF, Adlakha D, Oyeyemi A, et al. An international physical
activity and public health research agenda to inform coronavirus
disease-2019 policies and practices. J Sport Health Sci. 2020;
9(4):328-34.d0i:10.1016/j.jshs.2020.05.005

5. Sallis R, Young DR, Tartof SY, et al. Physical inactivity is associ-
ated with a higher risk for severe COVID-19 outcomes: a study
in 48 440 adult patients. Br J Sports Med. 2021.doi:10.1136/
bjsports-2021-104080

6. Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, et al.
American College of Sports Medicine position stand. Exercise
and physical activity for older adults. Med Sci Sports Exerc.
2009;41(7):1510-30.doi:10.1249/MSS.0b013e3181a0c95¢

7. Phillips SM, McGlory C. CrossTalk proposal: The dominant
mechanism causing disuse muscle atrophy is decreased protein
synthesis. J Physiol. 2014;592(24):5341-3.doi:10.1113/jphysi-
0l.2014.273615

8. Wang Y, Pessin JE. Mechanisms for fiber-type specificity of
skeletal muscle atrophy. Curr Opin Clin Nutr Metab Care. 2013;
16(3):243-50.d0i:10.1097/MC0O.0b013e328360272d

9. Klausen K, Andersen LB, Pelle |. Adaptive changes in work ca-
pacity, skeletal muscle capillarization and enzyme levels during
training and detraining. Acta Physiol Scand. 1981;113(1):9-16.
doi:10.1111/j.1748-1716.1981.tb06854.x

10. Schoenfeld BJ, Wilson JM, Lowery RP, et al. Muscular adapta-
tions in low- versus high-load resistance training: A meta-analy-
sis. Eur J Sport Sci. 2016;16(1):1-10.doi:10.1080/17461391.201
4.989922

11. Saeidifard F, Medina-Inojosa JR, West CP, et al. The associ-

154 bjhbs.hupe.uerj.br

associated with risk reductions. Another limitation is
related to individual limb characteristics, especially the
width of the lower limb. A bigger limb requires a wider
sphygmomanometer to perform BFR training. The
presence of another person may be required to help to
adjust the cuff on the limb and to inflate the cuff to the
percentage of blood flow restriction necessary with or
without exercise under the protocol. Finally, we strongly
suggest that subjects respect their comfort zones, and
stay alert to any adverse events. In this case, they should
stop their training routines and contact their physician.

ation of resistance training with mortality: A systematic review
and meta-analysis. Eur J Prev Cardiol. 2019;26(15):1647-65.
doi:10.1177/2047487319850718

12. Prevention CfDCa. Being Fully Vaccinated. 2020 [cited 2021
May 18th]; Available from: https://www.cdc.gov/coronavi-
rus/2019-nCoV/index.html.

13. Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised
European consensus on definition and diagnosis. Age Ageing.
2019; 48(1):16-31.doi:10.1093/ageing/afy 169

14. Patterson SD, Hughes L, Warmington S, et al. Blood Flow
Restriction Exercise: Considerations of Methodology, Appli-
cation, and Safety. Front Physiol. 2019;10:533.d0i:10.3389/
fphys.2019.00533

15. Pearson SJ, Hussain SR. A review on the mechanisms of
blood-flow restriction resistance training-induced muscle hyper-
trophy. Sports Med. 2015;45(2):187-200.doi: 10.1007/s40279-
014-0264-9

16. Lixandrao ME, Ugrinowitsch C, Berton R, et al. Magnitude of
Muscle Strength and Mass Adaptations Between High-Load
Resistance Training Versus Low-Load Resistance Training As-
sociated with Blood-Flow Restriction: A Systematic Review and
Meta-Analysis. Sports Med. 2018;48(2):361-78.doi:10.1007/
s40279-017-0795-y

17. Takarada Y, Tsuruta T, Ishii N. Cooperative effects of exercise
and occlusive stimuli on muscular function in low-intensity resis-
tance exercise with moderate vascular occlusion. Jpn J Physiol.
2004;54(6):585-92.doi:10.2170/jjphysiol.54.585

18. Rossow LM, Fahs CA, Loenneke JP, et al. Cardiovascular and
perceptual responses to blood-flow-restricted resistance exer-
cise with differing restrictive cuffs. Clin Physiol Funct Imaging.
2012;32(5):331-7.d0i:10.1111/j.1475-097X.2012.01131.x

19. Takarada Y, Takazawa H, Ishii N. Applications of vascular oc-
clusion diminish disuse atrophy of knee extensor muscles. Med
Sci Sports Exerc. 2000;32(12):2035-9.doi:10.1097/00005768-
200012000-00011

20. Conceigdo MS, Junior EMM, Telles GD, et al. Augmented
Anabolic Responses after 8-wk Cycling with Blood Flow Re-
striction. Med Sci Sports Exerc. 2019;51(1):84-93.doi:10.1249/
mss.0000000000001755

21. Clarkson MJ, Conway L, Warmington SA. Blood flow restriction
walking and physical function in older adults: A randomized



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ricardo B. de Oliveira e cols « Blood Flow Restriction Training

control trial. J Sci Med Sport. 2017;20(12):1041-6.doi:10.1016/j.
jsams.2017.04.012

Hill RD, Smith RB, Ill. Examination of the Extremities: Pulses,
Bruits, and Phlebitis. In: Walker HK, Hall WD, Hurst JW, editors.
Clinical Methods: The History, Physical, and Laboratory Exam-
inations. Boston: Butterworths Copyright © 1990, Butterworth
Publishers, a division of Reed Publishing.; 1990.

Zourdos MC, Klemp A, Dolan C, et al. Novel Resistance
Training-Specific Rating of Perceived Exertion Scale Measuring
Repetitions in Reserve. J Strength Cond Res. 2016;30(1):267-
75.d0oi:10.1519/jsc.0000000000001049

Clay I. 10 Minute At-Home Lower Body Workout Livestrong.
com’s channel2020.

Loenneke JP, Wilson JM, Wilson GJ, et al. Potential safety
issues with blood flow restriction training. Scand J Med Sci
Sports. 2011;21(4):510-8.d0oi:10.1111/j.1600-0838.2010.01290.x
Nakajima T, Kurano M, lida H, et al. Use and safety of KAATSU
training:Results of a national survey. International Journal of
KAATSU Training Research. 2006;2(1):5-13.doi:10.3806/ijk-
tr.2.5

Wernbom M, Schoenfeld BJ, Paulsen G, et al. Commentary:
Can Blood Flow Restricted Exercise Cause Muscle Damage?
Commentary on Blood Flow Restriction Exercise: Consider-
ations of Methodology, Application, and Safety. Front Physiol.
2020;11:243.doi:10.3389/fphys.2020.00243

Takano H, Morita T, lida H, et al. Hemodynamic and hormonal
responses to a short-term low-intensity resistance exercise with
the reduction of muscle blood flow. Eur J Appl Physiol. 2005;
95(1):65-73.doi:10.1007/s00421-005-1389-1

Renzi CP, Tanaka H, Sugawara J. Effects of leg blood

flow restriction during walking on cardiovascular function.

Med Sci Sports Exerc. 2010;42(4):726-32.doi:10.1249/
MSS.0b013e3181bdb454

Vieira PJ, Chiappa GR, Umpierre D, Stein R, Ribeiro JP.
Hemodynamic responses to resistance exercise with restricted
blood flow in young and older men. J Strength Cond Res. 2013;
27(8):2288-94.d0i:10.1519/JSC.0b013e318278f21f

Sugawara J, Tomoto T, Tanaka H. Impact of leg blood flow
restriction during walking on central arterial hemodynamics.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Am J Physiol Regul Integr Comp Physiol. 2015;309(7):R732-9.
doi:10.1152/ajpregu.00095.2015

Fahs CA, Rossow LM, Loenneke JP, et al. Effect of different
types of lower body resistance training on arterial compliance
and calf blood flow. Clin Physiol Funct Imaging. 2012;32(1):45-
51.doi:10.1111/j.1475-097X.2011.01053.x

Rossow LM, Fahs CA, Sherk VD, et al. The effect of acute
blood-flow-restricted resistance exercise on postexercise blood
pressure. Clin Physiol Funct Imaging. 2011;31(6):429-34.
doi:10.1111/j.1475-097X.2011.01038.x

Brandner CR, Kidgell DJ, Warmington SA. Unilateral bicep curl
hemodynamics: Low-pressure continuous vs high-pressure in-
termittent blood flow restriction. Scand J Med Sci Sports. 2015;
25(6):770-7.doi:10.1111/sms.12297

Downs ME, Hackney KJ, Martin D, et al. Acute vascular and
cardiovascular responses to blood flow-restricted exercise.
Med Sci Sports Exerc. 2014;46(8):1489-97.d0i:10.1249/
mss.0000000000000253

Madarame H, Kurano M, Fukumura K, et al. Haemostatic

and inflammatory responses to blood flow-restricted exercise
in patients with ischaemic heart disease: a pilot study. Clin
Physiol Funct Imaging. 2013;33(1):11-7.d0i:10.1111/j.1475-
097X.2012.01158.x

Kambi¢ T, Novakovi¢ M, Tomazin K, et al. Blood Flow Re-
striction Resistance Exercise Improves Muscle Strength and
Hemodynamics, but Not Vascular Function in Coronary Artery
Disease Patients: A Pilot Randomized Controlled Trial. Front
Physiol. 2019;10:656.doi:10.3389/fphys.2019.00656

Nursing E-B. Nursing and Post Pandemic Health Challenges.
2020 [cited 2021 May 18th]; Available from: https://blogs.bmj.
com/ebn/2020/04/15/nursing-and-post-pandemic-health-chal-
lenges/.

Hollander JE, Carr BG. Virtually Perfect? Telemedicine for
Covid-19. N Engl J Med. 2020;382(18):1679-81.doi:10.1056/
NEJMp2003539

Lopes KG, Bottino DA, Farinatti P, et al. Strength training with
blood flow restriction - a novel therapeutic approach for older
adults with sarcopenia? A case report. Clin Interv Aging. 2019;
14:1461-9.d0i:10.2147/cia.S206522

v. 21, n. 2, jul-dez/2022 155



