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Abstract

The Blood Flow Restriction (BFR) technique is based on cuffs connected to a pressure device
that induces partial arterial inflow. BFR combined with exercise has already been proven to increase
strength, muscle mass, and muscular endurance. However, some BFR devices with pneumatic air
bands, such as KAATSU (KA), are expensive and less accessible, making either a Sphygmomanometer
Cuff (SC) or Elastic Band (EB) an interesting alternative. However, vascular parameters in response
to blood flow restriction during KA, EB, and SC have not yet been compared.

Purpose: The aim of this study was to compare the brachial blood flow behavior during
restriction using bands such as KA, SC, and EB on the same perceived tightness.

Methods: Thirty healthy men participated in a prospective crossover study. Participants
underwent blood flow measurements before and during KA, SC, and EB use, with KA-perceived
tightness taken as a reference. The brachial blood flow volume, the diameter of the artery, and blood
flow velocity were measured before and immediately after the cuff’s inflation at a specific tightness.

Results: Blood flow volume was significantly reduced in KA (52%, ES: 1.38), SC (61.7%, ES:
1.29), and EB (41.5%, ES: 1.22) (p <.0001). In addition, blood flow velocity was significantly reduced
in KA (12.9%, ES: 0.74), SC (23.8%, ES: 1.02), and EB (25.6%, ES: 1.02) (p <.0001). No significant
changes were observed in the diameter of the brachial artery for any condition (p > 0.05).

Conclusion: Brachial blood flow behavior was similar between pneumatic controlled air band
(KA), SC, and EB culffs at the same perceived tightness.

Highlights

e Growing evidence suggests that blood flow restriction is an interesting technique to improve
muscle mass and strength with less articular impact and practical applications are yet to be
explored.

e Different bands and devices have been used to apply in patients the technique and but,
methods are still too heterogenous to be compared in the expected results.

e Although studies in the BFR literature have shown that blood flow restriction is applied
according to Arterial Occlusion Pressure (AOP) and the devices and techniques are trying to
standardize it, there is still a lack of information on this matter. More studies are needed to
evaluate their similarity and also understand their safety.
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Introduction

The blood flow restriction technique utilizes a pneumatic
cuff connected to a pressure device that proximally restricts
the blood flow for the upper and/or lower limbs [1]. The
KAATSU (KA) pneumatic controlled air band is one of the
most commonly used devices to restrict arterial and venous
blood flow and was first created and developed in Japan by Dr.
Yoshiaki Sato in the middle sixties [1].

Although many different pneumatic cuff devices have been
used for restricting blood flow, such as KAATSU, Vasper [2],
Delfi [3], ATS 4000 [4] and Hokanson [6], in general, these
devicesrequireahigh financial investment for acquisition, with
some of them also demanding certification and expertise from
specialists to handle the equipment. These conditions may
hinder the process of acquiring equipment and implementing
the BFR technique in hospitals and rehabilitation centers with
fewer economic resources.

One of the most important advantages of using pneumatic
controlled air bands for restricting blood flow is the
maintenance of restriction pressure during all phases of the
restrictive stimulus and/or during exercise performance.
This partial arterial restriction, while the occlusion of venous
outflow, is an advantage of the technique [6] once it prevents
the risk of ischemia-induced adverse events [6].

The sphygmomanometer/pneumatic cuff (SC), also called
the clinical cuff,isanother device commonly used forrestricting
blood flow at rest or during exercise protocols [7]. Many
studies have shown the use of SC with arbitrary or absolute
pressure [8-11]. However, when individualized pressure is
required to perform the BFR protocols with SC, in general, a
handheld Doppler is needed, making the SC technique neither
practical nor accessible for most practitioners.

Faced with this problem, the use of elastic bands (EB), also
referred to in some studies as “practical blood flow restriction”
[12,13], has been proposed as an alternative method for
restricting arterial blood flow because of its accessibility and
relative cost-effectiveness.

The EB technique consists of blood flow restriction using
an elastic band wrapped proximally to either the participant’s
thigh or arm, based on the individual’s perception of
tightness. Wilson, et al. [12] reported that for all participants
at perceived tightness 7 out of 10 presented femoral arterial
blood flow. EB has been shown to be an effective technique
to induce muscle adaptations when compared to conventional
resistance training [14], but it is still unknown whether blood
flow responses with the use of EB differ from other methods,
such as pneumatically controlled air bands such as KAATSU
and pneumatic cuff (SC), regarding vascular parameters. EB
might be an alternative with low cost that is more accessible
in clinical practice.
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Although studies in the BFR literature have shown
that blood flow restriction is applied according to Arterial
Occlusion Pressure (AOP) and the devices and techniques are
trying to standardize it, there is still a lack of information on
this matter. There might be differences when different cuffs
or pressure control devices are used (including vascular
parameters) that could affect the AOP.

Therefore, the aim of this study was to compare
brachial blood flow response during restriction stimulus
using pneumatically controlled air bands (KAATSU),
Sphygmomanometer Cuff (SC), and an Elastic Band (EB) at the
same individual’s perception tightness [12]. We hypothesized
that vascular parameters in response to KA, SC, and EB would
be similar.

Materials and methods

The present study used a prospective randomized
crossover design in healthy physically active males recruited
from Sao Judas Tadeu University and Israelita Albert Einstein
Hospital. The sample size calculation of 30 individuals was
based on a previous study conducted on healthy individuals
who compared different types of cuffs [15], assuming
statistical power (a = 0.05, and 1- = 0.95) with an effect size
of 0.8 and a drop out of ~20% (G* power - 3.1).

The inclusion criteria for participation assessed via
medical screening were physically active men aged 18
and 45 years old. Exclusion criteria included (1) infectious
disease within the last six months prior to the study; (2)
smoking within the last 6 months; (3) history of anemia,
cerebrovascular disease, or myocardial infarction in the last 6
months; (4) previous deep venous thrombosis; (5) use of oral
anticoagulants; and (6) history of antiphospholipid syndrome.
All participants were informed about the risks and benefits of
this study and submitted their written informed consent prior
to participation. This study was conducted according to the
Declaration of Helsinki, and The Institutional Review Board
(ethical committee number SGPP no. 3982-19) approved the
experimental protocol.

Study design

Participants attended the laboratory for three visits.
In the first two visits, participants were familiarized with
the blood flow restriction techniques using KAATSU (KA),
sphygmomanometer/pneumatic cuff (SC), and elastic bands
(EB), and their perception of perceived tightness was taken
in accordance with the scale proposed by Wilson, et al. [12].
Moreover, in familiarization sessions, brachial blood flow at
rest and perceived tightness (PT) were assessed. Brachial
blood flow and PT from day 1 and day 2 were used for test-
retest reliability.

At the third visit, participants underwent brachial
blood flow measurements with KA, SC, and EB techniques
in randomized order, with 15-minute intervals between
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measurements. Perceived tightness on the scale (0 out of
10) was first set with KA and reproduced for both SC and
EB techniques. Brachial blood flow was assessed before and
during the application of each technique (Figure 1).

Flow diagram of the study with three different cuffs
Measure of perceived tightness (Figure 1).

The measure of perceived tightness (PT) was used to
evaluate blood flow during restriction using KA, SC, and EB
through a perceived tightness scale previously proposed by
Wilson, et al. [12]. Participants were asked to answer the
perceived tightness on a scale categorized as no tightness
when perceived tightness was “0 out of 10”, moderate
tightness was “7 out of 10”, and intense tightness was “10
out of 10”. Recent studies have shown that PT is a feasible
method for practical application in investigations with blood
flow restriction either at rest or exercises, as well as its use
in rehabilitation procedures in hospitals, clinics, and home-
based exercise [16,17].

Brachial blood flow measurement at rest

Blood flow measurements were assessed with the
different cuffs according to recent recommendations [18].
Brachial artery images were recorded by a 2-dimensional
ultrasonography device with a spectral Doppler and linear
transducer (L5-12/60, Logic E (R7), GE Medical Systems,
China, CO. LTD) described previously by Mouser, et al. 2017
with each participant’s right arm supported at heart level, in
flexed and abduction, while participants were maintained in a
seated position. Following the application of transmission gel,
a wide-band linear array ultrasound probe was used to locate
the brachial artery. The Doppler transducer (L5-12/60) in B
pulse mode was placed on the anteromedial aspect of the arm,
perpendicular to the axis of the arm, 2-10 cm proximal to the
antecubital fold over the artery, and ultrasound parameters
were set to optimal image acquisition. The angle of insonation
was set at <60°.

Blood flow velocity spectra were recorded simultaneously
in the 10-MHz linear pulse mode. The diameter of the artery,
blood flow at rest, and blood velocity measurements were
recorded continuously over 15 seconds. After the baseline
recording, a cuff on the forearm was slowly inflated (for KA
and SC), while the elastic band was tightened according to the
perceived tightness from KA Optimal Pressure (KOP) for each

Figure 1: Blood flow restriction (BFR) technique devices. Kaatsu Nano (A), elastic
band (B), and sphygmomanometer cuff (C).

https://doi.org/10.29328/journal.jsmt.1001076

6]

participant’s arm. Following blood flow measurements, the
probe was removed, the cuffs were deflated, and the tightness
of EB was released. All measurements were taken in a single
day in random order.

For each blood flow measurement, the end-diastolic
diameter of the lumen of the brachial artery was measured
using on-screen calipers, and blood flow was calculated using
manufacturer-provided software (Logic E, (R7), GE Medical
Systems, China, CO. LTD). Blood flow volume (ml/min) and
blood flow velocity (cm/sec) data were recorded across 15
s, and data from the last ten consecutive cardiac cycles were
recorded and averaged for each measurement. All measures
were performed offline and by the same researcher.

Measurement of brachial arterial blood flow with

KAATSU

After participants had rested for 15 minutes in a seated
position, a KAATSU (KA) cuff (5 cm wide) was applied to the
most proximal portion of the participant’s right arm. The
pneumatic cuff was connected to the device (KAATSU Nano
model, KAATSU Global Inc. Japan). The cuff was inflated
to determine KA base pressure (KBP), and increments of
pressure of 10 standard KAATSU units (SKU) every 5-10 s were
performed until ~20 to 25 SKU, following the manufacturer’s
instructions [1]. After KBP was attained, additional increments
of pressure were performed on the KA device to determine the
KA Optimum Pressure (KOP). During KBP and KA optimum
pressure measurements, participants were asked to rate the
perceived tightness in KA across 5-10 s to each increment
of pressure, following the procedures used by Wilson, et al.
[12]. After perceived tightness at KA, optimum pressure was
determined, the KA cuff was deflated and removed, and then
the participants rested for 5 min before starting blood flow
measurements.

The perceived tightness obtained during KOP was taken
as a reference for blood flow measurements with EB and SC.
Blood flow measurements were assessed on the same day,
with a 15-minute interval minutes between them.

It has been reported that a pressure gauge was used to
establish a conversion from SKU to mmHg, and it was found
that 1 SKU is equal to 1 mmHg [19]. The correct KA optimal
pressure is, first, not so high as to occlude blood flow and,
second, high enough to achieve a profound “disturbance of
homeostasis”. In addition, the participants should always
have a present capillary refill and feel pulsation under the air
bands [1].

Measurement of brachial arterial flow with

sphygmomanometer/pneumatic cuff

A baseline blood flow measurement, arterial pressure
(AOP), and perceived tightness in KAATSU optimum pressure
were determined using a sphygmomanometer/pneumatic
cuff. A sphygmomanometer/pneumatic cuff (SC), nylon
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material (6 cm wide and 35 cm long) was positioned on the
most proximal region of the participant’s dominant arm.

Using a portable Doppler device probe (DV-600) positioned
on the radial artery of the participants, the cuff was then
inflated at the lowest pressure until the auscultatory arterial
pulse was no longer detected. This point was considered as

AOP (184.6 + 41.7 mmHg), and then, the cuff was deflated.
Next, an initial pressure of ~40 mmHg, followed by cycles
of 5 to 10 mmHg, was conducted in SC until the participants
reported a similar perceived tightness value recorded in KA
optimal pressure, with each increment cycle lasting a period
of ~5-10 s. After participants had identified the PT in SC, the
restriction pressure was recorded (101.9 + 37.2 mmHg), and
the cuff was deflated. After 5 min of rest, brachial blood flow
measurement was evaluated during a 15s period.

Measurement of brachial arterial flow with the elastic
band technique

A baseline blood flow measurement, perceived tightness
(PT) in KAATSU Optimum Pressure (KOP), was taken from
each participant’s arm to match PT to be used during the blood
flow restriction measurement with an elastic band. After 5
min of rest, an elastic band (6 cm wide and 53 cm length) was
positioned on the proximal region of the dominant arm, and
then, the elastic band was tightened with increments of ~1 to
2 cm, with cycles of tightness of ~5-10 s, until the participants
reported the level of PT recorded in KOP. The tightness of the
elastic band was released, and after 5 min of rest, brachial
blood flow was measured during a 15s period.

Statistical analysis

Initially, data normality was tested by the Shapiro-Wilk
test. Data are presented as normal distributions for brachial
artery diameter and peak velocity through parametric
statistical tests. For comparison between protocols, the mixed
model for repeated measurements was applied as a fixed
factor (KA, SC cuff, and EB and time (baseline and during
KOP)).

For brachial artery blood flow, as data were not found to
be normal by the Shapiro-Wilk test, a nonparametric test, and
Friedman’s test were chosen for data analysis. In the presence
of significant F, Tukey’s post hoc test was used to identify the
differences between the protocols. We also calculated the
effect size (ES), amagnitude-based analysis between moments
(Nakagawa and Cuthill 2007), as follows: ES = mean_ . -
meanpre/\/(Npre-l)SD2 + (Npost-l)SDz/Npre + N Statistical
significance was set at p£ 0.05. Data were analyzed using the
Statistical Package SPSS (IBM SPSS Statistics for Windows,
Version 24.0, 2016).

Results

The participants’ characteristics of the study are described
in Table 1.
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An initial analysis revealed no differences between
conditions in baseline values for all dependent variables (p >
0.05). The mean perceived tightness (PT) in KAATSU Optimal
Pressure (KOP) and SC was 4.2 + 2.0, while in EB, it was 4.3 +
2.1 based on a perceived tightness scale from 0 out of 10 [12].

The restriction pressure recorded in SC was 101.9 * 37.2
mmHg, which meant ~ 55.3% of the participant’s Arterial
Occlusion Pressure (AOP) at the KAATSU Optimal Pressure
(KOP), according to individual perceived tightness. None of
the participants were detected to have total arterial occlusion
during KA, SC, or EB.

Table 2 summarizes Blood flow volume, blood flow
velocity, and diameter of the brachial artery before and after
KAATSU, the Elastic Band (EB), and the Sphygmomanometer
Cuff (SC).

Blood flow volume at rest

There was a significant time effect for blood flow
(p < 0.0001) with no interaction condition*time (p = 0.632).
Blood flow was significantly reduced in the KA (52%, ES: 1.38,
Cl: 34.8 - 69.0 ml/min, p <.0001), SC (61.7%, ES: 1.29,CI: 37.6
- 71.9 ml/min, p <.0001), and EB (41.5%, ES: 1.22, CI: 39.5
- 73.7 ml/min, p < .0001) groups (Figure 2). No significant
difference was observed between conditions (p > 0.05). Test-
retest reliability of blood flow volume using standard error
of measurement (SEM), the minimal difference needed to be
considered real (MD), and coefficient of variation (CV%) were
36.7 ml/min, 101.8 ml/min, and 4.9%, respectively.

Diameter of the brachial artery

There was no significant change in the brachial artery
diameter in the KA (2.1%, S: 0.08, CI: 0.43 - 0.48 cm;
p = 0.958), SC (4.2%, ES: 0.28, CI: 0.42 - 0.46 cm, p = 0.486),
or EB (2.1%, ES: 0.18, CI: 0.43 - 0.47 cm, p = 0.674) (Figure 3).

Table 1: Participant characteristics for the total sample (N = 30).

Variables Mean (SD)
Age (years) 33.8+8.5
Body mass (kg) 82.5+149
Height (m) 1.75+0.1
BMI (kg/m?) 269+3.7
Arm circumference (cm) 33.1+4.1
Arm AOP (mmHg) 184.6 +41.7

SD: Standard Deviation; BMI: Body Mass Index; AOP: Arterial Occlusion Pressure.

Table 2: Blood flow volume, blood flow velocity, and diameter of the brachial artery

before and after KAATSU, the elastic band (EB), and the sphygmomanometer cuff (SC).
KAATSU EB SC
Mean # (SD)  Mean * (SD) Mean * (SD)

Variables Baseline

Blo"?r:lo/‘;’]i"r?)lume 12724699  519+323 | 566+468 @ 547+37.1
% Change | = -----e- 59.1 55.5 57.0
Baseline KAATSU EB SC

Blood flow velocity (cm/s)| 75.8+16.4 | 63.0+17.9 | 53.4+158 | 59.1+16.2
% Change | ------- 16.0 22.0 21.6
Baseline KAATSU EB SC

Diameter of artery (cm) | 0.46+0.05 @ 0.46+0.05 | 0.45+0.06 | 0.45+0.05
% Change 0 2.1 2.1
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Figure 2: Blood flow volume values as the mean and SD+. KAATSU in optimal
pressure; SC: sphygmomanometer cuff; EB: elastic band. * Significant difference from
baseline (p < 0.05).
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Figure 3: Diameter of brachial artery. KAATSU in optimal pressure; SC:
Sphygmomanometer Cuff; EB: Elastic Band (p > 0.05).
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Figure 4: Blood flow velocity values as the mean and SD+. KAATSU in optimal

pressure; SC: Sphygmomanometer Cuff; EB: Elastic Band. * Significant difference from
baseline (p < 0.05).

No significant difference was observed between conditions
(p > 0.05). The test-retest reliability of the diameter of the
artery using SEM, MD, and CV% were 0.03 cm, 0.1 cm, and
0.5%, respectively.

Blood flow velocity

There was a significant time effect for blood flow velocity
(p < 0.0001) with no interaction condition*time (p > 0.05).

Blood flow velocity was significantly reduced in the KA
(52%, ES: 0.74, CI: 57.0 - 69.0 cm/s, p < .0001), SC (61.7%,
ES: 1.02, CI: 53.1 - 65.1 cm/s, p <.0001), and EB (41.5%, ES:
1.02, CI: 53.4 - 65.4 cm/s p <.0001). No significant difference
was observed between conditions (p = 0.460) (Figure 4). The
test-retest reliability of blood flow velocity using SEM, MD,
and CV% were 13.9 cm/s, 38.5 cm/s, and 0.9%, respectively.

Discussion

The aim of this study was to investigate whether
the vascular parameters regarding blood flow volume,
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velocity and diameter of the brachial artery during blood
flow restriction using pneumatic controlled cuff-KAATSU,
sphygmomanometer cuff, and an elastic band at the same
perceived tightness were similar.

In the present study, we observed a reduction in blood
flow and blood flow velocity, while the brachial diameter of
the artery did not change by applying KA, SC, and EB cuffs at
the same perceived tightness. Taken together, these results
suggest that standardizing the perceived tightness and cuff
width on the upper arms could result in a similar restriction
stimulus regardless of cuff type. Our findings are in accordance
with some studies in the literature [17,20]. For example, Abe,
etal. [20] reported that the reduction in resting brachial blood
flow and peak blood velocity were similar when an elastic cuff
was pulled to 10%/20% of its initial length compared to a
pressurized nylon cuff (CC) inflated to 40%/80% of AOP, with
no significant difference between cuffs. Participants using KA,
SC,and EB in KOP rated the PT at 4.2, 4.2, and 4.3, respectively,
on the perceived scale, and none of the participants achieved
brachial artery occlusion. These levels of perceived tightness
were lower than those reported by Wilson, et al. [12] and
might be related to the fact that the authors studied lower
limb pressure instead of upper limb pressure. It also might be
pointed out that the studied subjects had a BMI of > 26 and
they were not healthy active male participants, and this may
interfere with the results although, the weight would have
higher interference in the lower limbs measures which was
not the case.

Congruent with our findings, Bell, et al. [17], using a large
sample size (58 men and 62 women), reported that when the
participants rated 7 out of 10 on the PT scale proposed by
Wilson, et al. [12] in the upper body, the mean percentage of
arterial occlusion pressure was 92 mmHg (86.9% of AOP).

The variety of devices used in the BFR technique may
present benefits, but some pneumatic cuffs, such as KA, may
not be practical or accessible compared to other cuffs due to
the high cost and the need for professionals’ specific expertise
and training. However, there is some criticism of EB use in the
BFR literature [17] because of the unknown amount of blood
flow restriction induced by EB. Our results showed that EB
could be a feasible alternative to conventional cuffs.

BFR has been identified as an interesting technique to
induce increases in strength and muscle hypertrophy in young
[8,21,22], athletes [23] and even in populations with some
musculoskeletal and cardiovascular limitations [11,24,25]
and other chronic degenerative diseases [7,26,27].

One of the advantages of low-load resistance training with
BFR is that it allows people who are unable to lift high loads
to achieve muscular adaptations in a similar way to those
who use high loads [28], without negative vascular effects,
since resistance exercises with high loads can lead to arterial
stiffness with an increased central pulse pressure [29,30].
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This is because, although BFR with low-load resistance
exercise promotes hypoxemia during cuff compression and
consequently increases sympathetic activity and subsequent
vasoconstriction, after its decompression, nitric oxide and
endothelial growth factor are released, acting as vascular
protectors and promoting angiogenesis.

Regarding BFR methodology, one of the most important
points is how to do the restriction per se and achieve the
optimal restriction pressure for each person to acquire
the expected result regarding muscle resistance or aerobic
improvement, without harm to the vascular system, while
the blood flow restriction is done [31,32]. It has already been
shown that some variables interfere with the blood flow
restriction technique. Limb position and temperature, the way
that cuff application is made in the limb, and tourniquet cuff
shape, width, and length are some of them [19,33]. Patterson,
etal. [34] published a blood flow restriction exercise guideline
focusing on the methodology, application, and safety of this
mode of training on muscular strength and hypertrophy. In
short, it was concluded that there is a wide variety of applied
pressure, width cuffs, and other variables used in protocols,
which increases the difficulty of comparing results and affects
their reproducibility.

In the BFR technique, some devices are used, such
as KAATSU, Delfi, and Hokanson, Vasper [2] that are
electronically controlled. These devices may more precisely
control the amount of pressure that is being applied to the
limb. Although these devices present significant differences
between measurement units for limb occlusion pressure
(Delfi: 239.4 mmHg vs. KAATSU: 500 mmHg) [19], reassuring
how importantitis to study each of the devices, their pressures
and equivalence during the restriction to make the technique
more reproducible and popular. Comparison between blood
flow restriction cuffs and the understanding of their similarity
is important to allow the technique to be used safely and by
more individuals.

Conclusion

In conclusion, our results showed similar brachial blood
flow behavior among KA, SC, and EB at the same perceived
tightness. However, longitudinal and randomized studies are
needed to compare the training effects between them. Our
study would facilitate the reproducibility of the BFR technique,
regardless of the device used which might facilitate clinical
use, with less cost (the SC is cheaper) and more accessible.
All the cuffs were similar in the measures studied and safe
regarding the technique.

Strengths and limitations

This study is not without limitations. First, our findings
are specific to young healthy men, and it, therefore, is unclear
to what extent these results can be extrapolated to other
populations, such as untrained, elderly, women, or clinical
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settings. Second, the perceived tightness scale was originally
implemented for use with an elastic band on the lower
body (quadriceps) and it is important to note that there is a
subjective nature of the perceived tightness technique that
might had its interference in the results. One study mentioned
that the participants rated changes in perceived tightness over
multiple visits during elastic band use (Bell et al., 2020). The
same authors supported the utility of the method as a means
for the completion of practical blood flow restriction (Bell et
al,2018) once it is easy to use, with less cost and it is similar
to those used in literature that might need more expensive
equipment and demand more training to use. However, it is
worth mentioning that perceived tightness with KAATSU was
measured previously as a reference to match PT in both EB
and SC measurements.
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