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Abstract

Purpose: To investigate whether blood flow restriction (BFR) without concomitant exercise mitigated strength reduction and atrophy of thigh
muscles in subjects under immobilization for lower limbs.

Methods: The following databases were searched: PubMed, CINAHL, PEDro, Web of Science, Central, and Scopus.

Results: The search identified 3 eligible studies, and the total sample in the identified studies consisted of 38 participants. Isokinetic and isometric
torque of the knee flexors and extensors was examined in 2 studies. Cross-sectional area of thigh muscles was evaluated in 1 study, and thigh
girth was measured in 2 studies. The BFR protocol was 5 sets of 5 min of occlusion and 3 min of free flow, twice daily for approximately 2
weeks. As a whole, the included studies indicate that BFR without exercise is able to minimize strength reduction and muscular atrophy after
immobilization. It is crucial to emphasize, however, that the included studies showed a high risk of bias, especially regarding allocation conceal-
ment, blinding of outcome assessment, intention-to-treat analyses, and group similarity at baseline.

Conclusion: Although potentially useful, the high risk of bias presented by original studies limits the indication of BFR without concomitant
exercise as an effective countermeasure against strength reduction and atrophy mediated by immobilization.

2095-2546/© 2020 Published by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND
license. (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction for years after surgical procedures, despite concentrated reha-
bilitation efforts.”

These negative muscle adaptations may result in prolonged
hospitalization and subsequent rehabilitation,”'" slow one’s
gait speed,'’ hamper balance,'” and hinder stair climbing'’
and chair-rising ability.'* Since muscle strength is a predictor
of physical functioning and muscle mass has an important role
in metabolic homeostasis, attenuating strength and mass defi-
cits is imperative to limit future disabilities.'” '’ Furthermore,
reductions in strength and muscle size were found to be a
strong predictor of hip surgery in the United States, with total
annual costs exceeding USD70,000 per patient.'®
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Prolonged reductions in weight-bearing activity such as that
encountered during illness, injury, surgery, joint immobiliza-
tion, or bed rest causes reduced strength and muscular size,
along with consequent functional deficits.' * For instance,
quadriceps strength may be decreased by 20%—60% after
30 days of bed rest,”” and an average deficit between 11% and
16% has been reported for the muscle size of knee extensors
after unloading with no intervention.”’ Additionally, a
10%—20% deficit in quadriceps strength and size can persist
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Passive blood flow restriction and disuse

or without movement may not be prudent® owing to immobili-
zation, pain, local inflammatory process, or other contraindica-
tions owing to the risk of compromising surgery. In this
context, the use of blood flow restriction (BFR) may be a
promising strategy.

BFR is usually achieved by applying a pneumatic cuff to
the proximal end of a limb, partially restricting the blood flow
and limiting venous return,”’ and it is often combined with
low-intensity resistance exercises to increase strength and
muscle size.”” However, some studies have pointed out that
the use of BFR without concomitant exercise can attenuate the
reduction in strength and muscle size caused by disuse.””**

The mechanisms involved in maintaining skeletal muscle
mass with BFR without exercise are still unclear.””~° It has
been suggested that cell swelling, induced by blood-pooling
accumulation of metabolites and reactive hyperemia, is detected
by an intrinsic volume sensor and may consequently lead to an
activation of myogenic signaling pathways, such as the mam-
malian target of rapamycin and mitogen-activated protein
kinase.”® Additionally, the release of catecholamines (norepi-
nephrine) stimulated by signaling through the 8,-adrenoceptor”’
may also have a positive effect on muscle protein metabolism.

Although individual clinical trials have identified positive
effects of BFR without concomitant exercise on strength and
muscular atrophy in disuse periods,”**’* no systematic
review has investigated this topic. Thus, this study aimed to
determine the efficacy of BFR without exercise as a counter-
measure against strength reduction and muscular atrophy fol-
lowing periods of immobilization.

2. Methods
2.1. Study design

This systematic review was developed by using the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines. The protocol review was prospectively registered in
International prospective register of systematic reviews (Regis-
tration Number: CRD42017067934).

2.2. Identification of studies

A systematic search of the literature was carried out, with-
out restrictions on the language of publication, from the earli-
est record up to January 2019. The Medline/PubMed,
CINAHL, PEDro, Web of Science, Central, and Scopus data-
bases were searched. The trial register in ClinicalTrials.gov
(grey literature) and references in the included articles were
also checked in order to track other promising eligible studies.
The following key words were used in isolation or in combina-
tion: “blood flow restriction”, “vascular occlusion”, “kaatsu”,
“immobilization”, “atrophy”, and “clinical trial”. The search
strategies developed for each database are described in Supple-

mentary Appendix.

2.3. Eligibility criteria

Articles that appeared only as short versions or that did not
have full text available were not included. Trials in which
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exercises were performed concomitantly with BFR protocol or
with insufficient data were also excluded. Studies involving
participants (healthy or not) who were 18 years of age or older
and who were submitted to some immobilization model for
lower limbs (e.g., cast on the ankle, non-weight bearing immo-
bilization and knee brace after anterior cruciate ligament
(ACL) reconstruction) were included. The data collected about
the participants included health condition, age, gender, thigh
circumference, and immobilization model/period. Studies that
compared BFR (without additional exercise) in the proximal
end of the thigh during an immobilization period to a control
group (no intervention or sham) were included. The data
extracted about the intervention included the BFR protocol
(periods of occlusion and rest), frequency (daily and weekly),
and BFR cuff settings (width, length, placement locale, and
restriction pressure).

The outcomes considered were strength and/or muscular
atrophy of the knee flexors and/or extensor muscles. The
extracted data for muscle strength included isokinetic (eccentric
and/or concentric) and/or isometric torque (measured by dyna-
mometer isokinetic and expressed in N-m). The extracted data
for muscular atrophy included thigh girth (measured by tape
and expressed in cm) and/or cross-sectional area (CSA; mea-
sured by magnetic resonance imaging (MRI) and expressed in
cm?®). The eligibility criteria were based on the principle of
PICOS (P: participants (participants under immobilization for
lower limbs); I: intervention (BFR without exercise for thigh
muscles during an immobilization period); C: comparison (no
intervention or sham); O: outcomes (strength and/or muscular
atrophy of the knee extensors and/or flexors muscles); S: study
design (randomized controlled trials)).

2.4. Study selection

The searches, data collection, and analysis of the studies
were performed separately and independently by 2 reviewers
(JDSN and JAMB), and differences were discussed by a 3rd
evaluator (WHBV) when a consensus was not reached. The
reviewers initially and independently judged the relevance of
the studies by reading the titles and subsequent abstracts,
according to the eligibility criteria. Then, the full text of any
article whose summary had potential for eligibility or raised
some questions was carefully read and analyzed.

2.5. Quality assessment of studies

The quality assessment of eligible studies was conducted
using the Cochrane Risk of Bias Tool, which classifies the risk
of bias as high, low, or unclear.”’ The risk of bias is considered
high if a methodological procedure was not described, low if
the procedure was described in detail, and unclear if the descrip-
tion was only partially described. Information from the studies
was independently extracted by both reviewers and stored in the
Review Manager software Version 5.3 (The Nordic Cochrane
Center, Copenhagen, Denmark) for subsequent cross-checking
of the data and discussion of possible discrepancies.


https://clinicaltrials.gov
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3. Results
3.1. Identification and selection of studies

The search resulted in 614 potentially relevant articles. After
removal of duplicates, the remaining articles were submitted to
an analysis of title and summary. After this analysis, 8 articles
were still considered to be potentially eligible. However, 5 of
these articles were subsequently excluded for the following rea-
sons: exercise concomitant with the BFR protocol,”” BFR applied
below the knee,” full text unavailable even after requested from
the authors,”’ and muscle strength and/or size not assessed in the
pre-intervention and post-intervention period.”** The remaining
3 studies” " were included in the systematic review (Fig. 1).
The 3 articles were published between 2000 and 2011.

3.2. Characteristics of the included studies

The risk of bias analysis is presented in Figs. 2 and 3. The
characteristics of the studies are presented in Table 1.

3.3. Risk of bias

The main methodological limitation regarding randomiza-
tion and allocation was lack of clarity about randomization
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methods (software, random numbers, or other), which consti-
tuted a high and unclear risk of bias. All included studies were
classified as high risk for the allocation concealment criteria
owing to nonreporting on the use of sealed and opaque enve-
lopes. For the blinding criteria, only 1 study mentioned blind-
ing of participants, and none of the studies mentioned blinding
of collaborators, thus constituting a high risk of bias. Incom-
plete outcome data and selective reporting were classified as
unclear in all studies, because there was little information
about the exclusion of participants and data loss. In addition,
none of the studies reported a prospective trial register.
Regarding the intention-to-treat analysis, all studies failed to
transparently report possible losses in the final analysis and
thus were considered to have a high risk of bias. The similarity
of the groups at baseline was not clearly described in any of
the studies, which constituted a high risk of bias.

3.4. Participants

The total number of participants in the 3 studies included
was 38 individuals of both genders. In 2 studies, participants
were healthy and were submitted to immobilization by cast
and not weight-bearing for 2 weeks.”"*® In 1 study, the
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Fig. 1. Flow diagram of the selection steps of the identified articles according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses. BFR =

blood flow restriction.
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Fig. 2. Risk of bias summary: review authors’ judgments about each risk of
bias item for each included study.

patients were submitted after ACL surgery to a usual recovery
program in the hospital and immobilization by knee brace for
2 weeks.”” The participants’ thigh girth at baseline was
reported in only 2 studies®*** and ranged from approximately
45—51 cm and approximately 48—52 cm respectively.

3.5. Intervention

All 3 included studies used an external pressure cuff to apply
BFR on the proximal end of the thigh. In 2 studies,”*** the BFR

Random sequence generation (selection bias) |
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stimulus was applied twice a day (5 sets of 5 min of occlusion
and 3 min of free flow) for 14 days by cuff with 77 mm of width
and 770 mm of length. In 1 study,”’ the BFR stimulus was
applied twice a day (5 sets of 5 min of occlusion and 3 min of
free flow) for 11 days by cuff with 90 mm of width and 700 mm
of length. The occlusion pressure was arbitrarily defined in all
studies, with pressures of 50 mmHg,”* 200 mmHg,”® and 238
mmHg.”” The comparison groups used in the included studies
either received no intervention®*** or a sham intervention (occlu-
sion cuff without inflation).”” Only 1 study reported the absence
of BFR-related side effects after ACL reconstruction surgery.”’

3.6. Outcome measures

Muscle strength was measured in only 2 studies”"* through
isokinetic and isometric dynamometry. Isokinetic torque of knee
extensors and flexors was evaluated during concentric (at 60°/s,
180°/s, and 300°/s) and eccentric (at 60°/s and 180°/s) muscle
actions. Isometric torque was measured with the knee joint
flexed at 60°. Thigh girth was considered as an indirect mea-
sure of muscular atrophy in 2 of the included studies.”***
Thigh girth was evaluated at 10 cm and 15 cm above the supe-
rior border of the patella by tape. In 1 study,”” CSA (measured
by MRI) was considered as a measure for muscular atrophy
outcome.

3.7. Effect of BFR on muscle strength

In 2 studies,”*** having a total sample of 22 participants, the
effect of BFR without exercise on the muscle strength of knee
flexors and extensors was reported. When compared with control
(no intervention), these 2 studies concluded that there was signif-
icant attenuation in the reduction of muscle weakness.

3.8. Effect of BFR on muscular atrophy

The studies that reported the effect of BFR without con-
comitant exercise on thigh girth as an indirect measure of

Bli

Incomplete outcome data (arrtition bias) | |

Selective reporting (reporting bias) | |

Other bias | |

0% 25% 50% 75% 100%

. Low risk of bias

D Unclear risk of bias

Bl High risk of bias

Fig. 3. Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages across all included studies.
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Table 1
Summary of 3 included studies.
o Immobilization . .
Study Participants model/period Intervention Comparison Outcome measures
Takarada et al. Patients submitted to ACL Knee brace/2 weeks  BFRP: 5 sets of 5 min of occlusion and ~ Sham: occlusion cuff Muscular atrophy:
(2000)*” reconstruction surgery 3 min of free flow without inflation cross-sectional area
n=16 (8 males, 8 females) Frequency: twice a day between 3rd and
Age: approximately 21—-25 14th day after the surgery (11 days/22
years sessions)
Thigh girth: not informed OCS: Width (90 mm); Length (700 mm)
Placement: Proximal end of the thigh
(100 mm below the hip joint)
Occlusive pressure: mean pressure of
238 mmHg
Kubota et al. Healthy Left ankle joint BFRP: 5 sets of 5 min of occlusion and  Control: without Muscle strength: iso-
(2008)** n=11 males immobilization by 3 min of free flow intervention kinetic (eccentric and
Age: approximately 21—-25 cast and not weight-  Frequency: Twice a day for 2 weeks concentric) and iso-
years bearing/2 weeks (14 days/28 sessions) metric torque
Thigh girth: approximately OCS: Width (77 mm); Length (770 mm) Muscular atrophy:
45—51 cm Placement: Proximal end of the thigh thigh girth
Occlusive pressure: 200 mmHg
Kubota et al. Healthy Left ankle joint BFRP: 5 sets of 5 min of occlusion and ~ Control: without Muscle Strength: iso-
(2011)** n =11 males for muscle immobilization by 3 min of free flow intervention kinetic (eccentric and

strength measures and

n =10 males for thigh

girth measures

Age: approximately 21—24

cast and not weight-
bearing/2 weeks

Frequency: Twice a day for 2 weeks

(14 days/28 sessions)

OCS: Width (77 mm); Length (770 mm)
Placement: Proximal end of the thigh

concentric) and iso-
metric torque
Muscular Atrophy:
thigh girth

years Occlusive pressure: 50 mmHg

Thigh girth: approximately
48—52 cm

Abbreviations: ACL = anterior cruciate ligament; BFRP = blood flow restriction protocol; OCS = occlusion cuff settings.

muscular atrophy”*** included a total sample of 21 partici-

pants. These studies concluded that BFR prevented decreases
in thigh circumference. The study that evaluated muscular
atrophy by MRI”’ indicated that BFR can attenuate the disuse
atrophy of extensor muscles.

4. Discussion

This systematic review indicated that BFR without concom-
itant exercises in participants under immobilization was a
potential countermeasure against strength reduction and atro-
phy in the thigh muscles. It is important to remark that these
results come from studies with a high risk of bias (mostly
owing to absence of allocation concealment, no blinding of
outcome assessment, no intention-to-treat analyses, and group
similarity at baseline not being reported).

Previous reviews have indicated the benefits of BFR associ-
ated with exercise for strength and muscle mass gains in ath-
letes,>” patients with musculoskeletal disorders,*” and older
adults.”® However, this is the first systematic review that eval-
uated the quality of studies on BFR without concomitant exer-
cise in attenuating reduction of strength and muscular atrophy
in immobilization periods.

Regarding the outcome strength, the studies showed a
favorable effect of BFR in mitigating the reduction in tor-
que of the knee extensors and flexors. Regarding muscular
atrophy, results of the included studies indicated a positive

effect in favor of BFR for thigh girth and CSA. These
results regarding CSA, however, are contrary to a report in
the literature in which BFR without exercise was not able
to mitigate the reduction in CSA after ACL reconstruc-
tion.”” It should be noted that in that study”’ there was
exercise in the interval between occlusion periods (with
free flow) and that the muscular pump may have increased
the venous return’’ and limited the formation of muscular
edema, which is suggested as one of the main mechanisms
of attenuation of muscle mass loss by BFR.”® Considering
the role of muscle mass in the loss of strength in the first
day of disuse,’™’ the possibility of minimizing strength
reduction and atrophy with passive BFR may be useful in
mitigating some negative repercussions of immobility, such
as prolonged hospitalization and limitations in physical
function.” "'

4.1. Gaps in original studies and future perspectives

4.1.1. Optimal restriction protocol for BFR without
concomitant exercise

None of the studies included in this systematic review indi-
vidually applied restriction pressure. because the restriction
level is strongly influenced by the thigh girth and the cuff
width,*” it is essential to avoid applying arbitrary pressures
and to prioritize individualized restriction pressure to ensure
similar levels of BFR among participants.
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Another relevant issue is the proper restriction level for
optimal results. In studies on BFR associated with exercise,
pressures between 40% and 50% of the total restriction pres-
sure are considered ideal,”' but for studies on BFR without
concomitant exercise, there are insufficient data to identify an
optimal restriction pressure. Regarding the restriction protocol,
all included studies applied 5 sets of 5 min of occlusion and
3 min of free flow, twice daily for approximately 2 weeks, but
it is unclear whether this protocol is the most effective.

Considering the possible side effects secondary to BFR
(fainting, numbness, pain, discomfort, and thrombolytic
events) and the higher perception of discomfort when very
high pressures are used,””*’ it is essential that studies on this
topic investigate the appropriate restriction pressure and the
ideal protocol (duration of cycles of occlusion and free flow
and daily and weekly frequency) for the effective and safe use
of BFR without concomitant exercise.

Another limitation of the included studies was the failure to
investigate whether BFR overcomes the placebo effect to atten-
uate strength reduction. Knowing that BFR may not overcome
the placebo for performance improvement,” future studies
should be concerned with this issue and consider the placebo
effect evaluation of the BFR without concomitant exercise.

4.1.2. Progressive models to mitigate the consequences of
disuse and enhance strength

BFR without concomitant exercise has been suggested as an
initial intervention in a progressive model that avoids early
losses in strength. The model then uses BFR with low-intensity
exercises to improve strength and finally progresses to high-
intensity exercises without BFR. This model progresses from the
bed rest period to higher load resistance training.”> However,
given our results, future studies having high methodological
quality should initially verify the isolated effects of BFR in the
rehabilitation of patients who undergo to surgical procedures or
immobilization and then subsequently analyze the effects of
BFR without exercise, BFR with low-intensity exercises, and
high-intensity exercises without BFR.

In addition, we suggest including functional outcome
assessments to achieve external validity for the results. Instead
of using disuse models, such as lower limb immobilization in
healthy participants,”*~" researchers should consider disuse
models that are more common in clinical practice, including
bed rest and immobilization after an injury or surgery. Another
option is to use BFR without concomitant exercise in a general
rehabilitation program, as previously suggested for patients
undergoing ACL surgery.”’

4.1.3. Thigh girth as a measure of muscular atrophy

An important limitation of the studies included in this sys-
tematic review was that they inferred muscular atrophy by thigh
girth, which makes it difficult to determine which muscle groups
were more responsive to BFR. Furthermore, girth may not pro-
vide an accurate measure of muscular atrophy because girth
measures have lower validity than other measures in estimating
quadriceps muscular atrophy.*” Therefore, future studies should
prioritize the use of MRI as a measure of muscular atrophy.
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4.2. Risks of BFR during immobilization

Cardiovascular complications such as increased heart rate,
orthostatic hypotension, and venous thromboembolism may
occur during periods of immobilization.*® Tt is noteworthy that
BFR may promote venous stasis and reduce venous return; thus,
some risks may be increased with the use of BFR in patients
under immobilization or prolonged bed rest. Although BFR
commonly has no negative effects on prothrombin time,
markers of coagulation, or fibrinolysis in healthy adults,”” some
adverse cardiovascular effects may be associated with BFR.**
For example, it has been suggested that an artificial decrease of
blood flow induced by external vascular compression may
increase pressure reflex, leading to dangerous increases in car-
diac function, blood pressure, and vascular resistance.*’ In addi-
tion, the reactive hyperemia that occurs after blood flow
release’’ may contribute to the displacement of preexisting
thrombi and clots. It is also possible to reason that the use of
high pressures (as applied by Takarada et al.”’) associated with
the absence of the muscular pump can make it too difficult to
remove metabolites and potentiate oxidative stress. Therefore,
these circumstances point to a risk in applying BFR in patients
with cardiovascular diseases or individuals with sympathetic
hyperreactivity. To minimize the cardiovascular risks inherent
to the use of BFR in periods of immobilization, we recommend
the individualized determination of the restriction pressure and
the application of a risk assessment tool for BFR.”!

This systematic review has some limitations. First, our
results only come from 3 clinical trials and a reduced sample
size. Second, although the main health literature databases
were searched, the Embase database was not available to the
authors, but it is important to highlight that the Central and
PEDro databases retrieve relevant articles from Embase.

5. Conclusion

Although BFR is potentially useful, the high risk of bias
presented by original studies limits the indication of BFR with-
out concomitant exercise as an effective countermeasure
against strength reduction and atrophy mediated by immobili-
zation. Studies with high-quality methodologies should inves-
tigate whether BFR is truly effective and safe for patients in
immobilization periods and seek to fill the main knowledge
gaps identified in this systematic review.
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