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Effect of practical blood flow
restriction training during
bodyweight exercise on
muscular strength, hypertrophy
and function in adults:

A randomised controlled trial

Paul Head, Benjamin Austen, David Browne, Timothy Campkin, Massimo Barcellona

Background/Aims: Practical blood flow restriction training (PBFRT) is a novel method of resistance
exercise that has been proposed to increase muscular strength and hypertrophy at lower intensities
than is currently recommended in guidelines for resistance training. This study aimed to investigate
whether practical, inexpensive elastic wraps for PBFRT during a 6-week bodyweight resistance training
programme increases lower limb muscular strength, hypertrophy and function.

Methods: This study was designed as a parallel, single-blind, randomised controlled trial. Young men
and women were randomised to either the PBFRT (n=7; 2 males and 5 females) or control (n=5; 2 males
and 3 females) group. The intervention was a single leg squat (SLS) bodyweight resistance exercise to
fatigue, twice a week for 6 weeks. The PBFRT group performed the SLS exercise with an elastic wrap
around their proximal thigh at a perceived tightness of 7/10, and the control group at a perceived
tightness of 0/10. The following outcomes were then measured: knee extensor concentric, eccentric and
isometric strength (dynamometer), thigh girth and single leg vertical jump height.

Results: There were no significant differences between groups (PBFRT and control) for all outcome
measures assessed from baseline to post-intervention testing.

Conclusion: This study demonstrated that the use of PBFRT in conjunction with an SLS bodyweight
resistance exercise was not effective at increasing lower limb muscular strength, hypertrophy and function.

Key words: ® Blood flow restriction training M Resistance exercise M Bodyweight exercise M Hypertrophy
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he American College of Sports

Medicine (ACSM) recommends

resistance training at 60% or more of

one repetition maximum (1RM) to
achieve significant gains in muscular strength
and hypertrophy (Ratamess et al, 2009). Such
resistance training loads could be detrimental
for physically challenged populations, including
the elderly and those undergoing post-surgical
rehabilitation (Fujino et al, 2000; Takarada et
al, 2000a; Sakamaki et al, 2008). Blood flow
restriction training (BFRT) decreases blood
flow to, while, more importantly, preventing
blood from leaving the muscle (Loenneke et
al, 2012a). A meta-analysis (Loenneke et al,
2012a) showed BFRT to increase muscular
strength and hypertrophy at lower loads of

10-30% of 1RM, without safety concerns
(Loenneke et al, 2011; Loenneke et al, 2014).
It has been hypothesised that BFRT increases
muscular strength and hypertrophy through a
variety of mechanisms, including: metabolic
accumulation (Takarada et al, 2000a; Kawada
and Ishii, 2005; Takano et al, 2005; Gentil et
al, 2006; Reeves et al, 2006; Kawada and Ishii,
2007); fast-twitch muscle fibre recruitment
(Takarada et al, 2000a; 2000b), increased
protein synthesis through the mammalian target
of rapamycin pathway (Gentil et al, 2006); and
cell swelling (Loenneke et al, 2012b).

Typically, BFRT research has used pneumatic
wrapping devices, such as modified blood
pressure cuffs to restrict blood flow (Loenneke
et al, 2012a). However, these are not accessible
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or practical to use outside of a laboratory or
clinical environment. The effectiveness of
practical BFRT (PBFRT)—utilising inexpensive
wraps to provide a practical blood flow
restriction (PBFR) stimulus in order to elicit
metabolic accumulation, muscular strength and
hypertrophy—has been investigated (Yamanaka
et al, 2012; Wilson et al, 2013; Lowery et al,
2014; Luebbers et al, 2014). Yamanaka et al
(2012) and Luebbers et al (2014) found that
PBFRT at 20% of 1RM using elastic wraps
pulled tightly increased muscular strength (bench
press and squat 1RM) and hypertrophy (chest
girth) in collegiate athletes. However, both these
studies performed PBFRT in combination with
regular high-intensity repetition training (HIRT)
and also failed to quantify how much blood flow
restriction occurred.

Subjective perceived wrap tightness using
elastic wraps has been shown to be a valid
measure for causing venous occlusion similar
to using pneumatic cuffs. Wilson et al (2013)
found a moderate wrap tightness of 7/10 led
to complete venous occlusion but not arterial
in 12 participants using ultrasonography.
Wilson et al (2013) also found that blood
lactate, quadriceps electromyography activity
and muscle cross-sectional area significantly
increased after PBFRT (7/10 tightness) at 20%
of 1IRM (p<0.05). PBFRT at 30% of 1RM
using this validated method (7/10 tightness) has
also been shown to lead to similar hypertrophy
increases as HIRT at 60% of 1RM on biceps
brachii musculature in 20 resistance-trained
participants (Lowery et al, 2014).

Current PBFRT research has been carried
out in low-intensity (20-30% 1RM) resistance
training (Yamanaka et al, 2012; Wilson et
al, 2013; Lowery et al, 2014; Luebbers et
al, 2014) and has used different methods for
restricting blood flow. No PBFRT studies have
been performed using bodyweight exercise
alone to increase muscular strength, which is a
common method of training in clinical settings
and promoted in physical activity guidelines
(Department of Health, 2004). BFRT meta-
analytical data (Loenneke et al, 2012a) suggests
that bodyweight exercise alone, performed with
a blood flow restriction stimulus (pneumatic
cuffs), produces significant increases in lower
limb muscular strength and hypertrophy (Ishii
et al, 2005; Abe et al, 2006; 2010). The 7/10
perceived wrap tightness PBFRT method has not
been assessed for its effectiveness on lower limb
strength changes and has not been investigated
in females or during bodyweight resistance
exercise alone. Hence, the purpose of this study

was to assess the effectiveness of PBFRT during
bodyweight exercise in increasing muscular
strength, hypertrophy and function in adults.

METHODS

Study design

A parallel, single-blind, randomised controlled
trial (RCT) comparing PBFRT (7/10 perceived
wrap tightness) (n=7; 2 males and 5 females)
with a control (0/10 perceived wrap tightness)
(n=5; 2 males and 3 females) group on healthy
adults performing bodyweight exercise twice a
week for 6 weeks. The testing and training ses-
sions took place at the Guy’s Campus of King’s
College London (KCL) from May to July 2014.
The study was approved by the KCL Research
Ethics Subcommittee (BDM/13/14-94).

Participants

Participants were recruited by email, campus
posters and word of mouth. Participants were
included if they were healthy adults aged
between 18 and 65 years and were excluded if
they had a history of lower extremity surgery,
traumatic injuries to the ankle, knee, hip,
pelvis or lower back, a current musculoskeletal
condition, high blood pressure or cardiovascular
pathology (Sakamaki et al, 2008).

All participants were informed of the purpose
of the study, the procedures and the potential
risks involved before obtaining written consent.
Participants had the right to withdraw at any time.

Procedures

Primary and secondary outcome variables were
measured at baseline and post-intervention.
After baseline testing all participants underwent
bodyweight resistance training; two sessions per
week for 6 weeks. Participants were randomised
by one of the training researchers to either the
PBFRT or control group (Figure I).

Blinding

Both researchers testing outcome measures and
one of the training researchers were blinded to
group allocation.

Primary outcome variable

Isokinetic dynamometer

Knee extensor strength was assessed using the
Kin-Com dynamometer (Chattecx Corporation,
Tennessee, USA). The reliability of the Kin-Com
dynamometer is reportedly high (Farrell and
Richards, 1986; Sole et al, 2007), with intraclass
correlation coefficients (ICC) of 0.99, 0.95 and

© 2015 MA Healthcare Ltd
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0.93 for lever function, force measurements and
test-retest reliability of knee extensor peak torque
measurements, respectively.

Concentric and eccentric peak torque was
measured at an angular velocity of 60° per
second between 0° and 90° of knee flexion.
Isometric peak torque was measured after the
concentric and eccentric contractions at 75° of
knee flexion. Participants were positioned with
the dynamometer resistance pad securely fas-
tened approximately 2cm above the participant’s
lateral malleolus. The lateral femoral condyle
was aligned with the axis of rotation on the
dynamometer. The gravity compensation func-
tion was performed and limb weighed according
to the manufacturer’s instructions.

Participants were instructed to perform a
standardised warm up and familiarisation
set of ten repetitions at approximately 50%
of their maximum effort for the first eight
repetitions and then maximally for the final
two (Sole et al, 2007). Following 1 minute of
rest, three maximal concentric and eccentric
knee extensor contractions were performed
at 60° per second. After 2 minutes of rest,
participants were instructed to perform three
maximal isometric contractions at 75° of knee
flexion with reference to a predetermined zero
according to the dynamometer (Phillips et al,
2000). Participants were instructed to push as
hard as possible on the stationary lever arm for
5 seconds; 1 minute rest was given between
each repetition. The largest peak torques of the
concentric, eccentric and isometric contractions
were used for statistical analysis (Phillips et al,
2000). The word ‘push’ was standardised and
repeated to encourage maximal effort for all
testing conditions. Each participant’s right side
was tested before their left.

Secondary outcome variables

Single leg vertical jump

Test-retest reliability for the single leg vertical
jump (SLVJ) is 0.81-0.95 ICC (Hopper et al,
2002; Meylan et al, 2009). Each participant stood
upright and reached as high as possible with both
feet flat on the floor. The height was recorded
from the tip of the middle finger of both upper
extremities. The participant then performed
a maximal effort SLVJ, attempting to make a
mark with the tip of their chalked middle finger.
All participants were allowed to perform a self-
selected countermovement without stepping
(Hopper et al, 2002; Meylan et al, 2009). Jump
displacement was recorded as the difference
between peak jump height and standing reach
height (Swearingen et al, 2011).

Approached for eligibility

(n=35)

Excluded (n=21)

¢ Not meeting inclusion criteria (n=2)
¢ Declined to participate (n=8)

e Time constraints (n=11)

Y

Baseline testing in order: thigh girth,
concentric, eccentric, isometric strength and
single leg vertical jump height (n=14)

Y

Block randomisation
(n=14)

Intervention group
7/10 wrap tightness (n=7)

Allocation

Control group
0/10 wrap tightness (n=7)

v

Drop out

Discontinued intervention
(n=0)

v

Analysed (n=7)
e Excluded from analysis
(n=0)

il

Analysis

v

Discontinued intervention
(new job time commitments)
(n=1)

v

Analysed (n=5)

e Excluded from analysis
(n=1; failure to complete
all 12 exercise sessions)

Figure 1. Participant flow diagram

To reduce errors associated with learning, each
participant was allowed three practice jumps
(Augustsson et al, 2006). A 1-minute rest period
was given between practice and each of the three
measured jumps to control fatigue (Swearingen
et al, 2011). The highest point marked out of
the three trials was used for statistical analysis
(Swearingen et al, 2011). Each participant’s right
side was tested before their left.

Thigh girth

Thigh girth measurements have been shown to
correlate with ultrasound readings for detecting
significant improvements in knee extensor
muscular hypertrophy in young adults (Weiss
et al, 2000). Thigh girth was measured using
a flexible tape measure, with each participant
standing, foot on a bench, with the knee and
hip flexed to 90°, measured by a goniometer
(Knapik et al, 1996; Yamanaka et al, 2012). The
measurement was taken by the same researcher
on all participants at the midpoint between the
anterior superior iliac spine and the base of the
patella along the anterior midline of the thigh
(Knapik et al, 1996; Yamanaka et al, 2012). All
girths were measured twice and the mean was

International Journal of Therapy and Rehabilitation, June 2015, Vol 22, No 6
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Table 1. Single leg squat bodyweight resistance training protocol

Week Angle of SLS Rest Repetitions Speed (degrees
(sessions)  (degrees) Sets (minutes) each set per second)
1(1-2) 75 3 1 Fatigue 60

2-3 (3-6) 75 4 1 Fatigue 60

4-6 (7-12) 90 4 1 Fatigue 60

SLS: single leg squat

calculated. If the two measurements were not
within 5mm, a third measurement was taken and
the mean of the three measurements was used
for analysis (ACSM, 2009). Test-retest reliability
of measurements taken by the researcher within
1 minute of each other was 0.99 ICC (n=14).

Intervention protocol
Both groups performed the same single leg
squat (SLS) bodyweight exercise. The exercise
sessions were performed twice a week for 6 weeks
and developed a priori. Training duration and
frequency were selected from previous BFRT
and PBFRT research supporting these parameters
(Loenneke et al, 2012a; Yamanaka et al, 2012;
Wilson et al, 2013; Lowery et al, 2014; Luebbers
et al, 2014). The sessions were supervised by two
of the researchers to control exercise technique.
Participants were block-randomised into either
the PBFRT or control group (Wilson et al, 2013).
Participants were told that they should expect
some level of discomfort and that the wrap
(applied to the proximal aspect of their femur)
should remain in place for the duration of the
exercise, including the rest period between sets.

The SLS was chosen because it is functional
and provides a stimulus to both lower limbs in
isolation, minimising compensation from the
contralateral limb (Beutler et al, 2002; Ayotte et
al, 2007; Schoenfeld, 2010). It was performed to
75° during the first 3 weeks and then to 90° during
the final 3 weeks (7able 1). The SLS exercise
was standardised by each participant standing
with the foot of the training leg 10cm from a
plinth. Standing upright on the training leg they
performed a SLS to 75° or 90° of knee flexion,
as measured using a goniometer (Clapper and
Wolf, 1988) and defined as the point at which the
participant touched the plinth behind them before
rising back up to the start position. The SLS was
performed in time with a metronome representing
a concentric and eccentric contraction speed of
60° per second. Sets were performed to volitional
fatigue with 1 minute rest between sets (Ratamess
et al, 2009; Loenneke et al, 2012a).

Participants were allowed three errors before
being discontinued from each set. Errors included
the non-training leg touching the ground,

touching the plinth for longer than a brief period
and not keeping in time with the metronome.

The same protocol was used for both lower
limbs. Repetitions performed during each
set were recorded. The elastic wraps (Max
Strength, Cheshire, UK) were 7.62cm wide
and 188cm in length. Perceived wrap tightness
of 7/10 at the proximal thigh was used in the
PBFRT group. This method has been shown
through ultrasonography to cause complete
venous occlusion (Wilson et al, 2013). It has
also been found to significantly increase blood
lactate, quadriceps electromyography activity
and muscle cross-sectional area when used
during resistance training at 20-30% of 1RM
(Wilson et al, 2013; Lowery et al, 2014). The
wrap was applied by a training researcher and
progressively tightened around the participant’s
proximal thigh until they felt a tightness of 7/10.
Participants were told that a wrap tightness of
0/10 was deemed as no tightness and 10/10 as
maximal tightness. The control group performed
the same exercise with wraps at a perceived
tightness of 0/10, which has been shown to
produce no PBFR stimulus (Wilson et al, 2013).

Statistical analysis

Baseline values were subtracted from post-
intervention values for all measures. Normally
distributed data were analysed using independent
t-tests and non-normally distributed data were
analysed using the Mann-Whitney U test.
Normality of data was assessed using the
Shapiro—Wilk test. Statistical significance was
set at p<0.05. All data analyses were conducted
using SPSS version 22.

RESULTS

Twelve participants completed the 6-week
(12 sessions) bodyweight resistance training
intervention. One participant from the control
group only completed 8 out of the 12 sessions
and was excluded from the final analysis.
There were no significant differences between
groups for all baseline characteristics (Table 2).
A significant difference was found in the PBFRT
group for concentric peak torque with no other
significant differences in either the PBFRT
or control group at post-intervention testing
(Table 3). There was no difference between the
groups for all primary (7Table 4) and secondary
outcomes (Table 5) assessed from baseline to
post-intervention. The success of outcome
assessor and trainer blinding procedures for
participant group allocation is shown in Table 6.

© 2015 MA Healthcare Ltd
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Age (years) 26.0 4.0 11.0 24.8 0.9 5.0 0.69
Height (m) 168.0 9.3 26.0 171.2 4.5 25.0 0.58
Body mass (kg) 63.9 9.8 25.0 66.6 6.5 39.0 0.71
Concentric PT at 60°/sec (Nm) ~ 83.2 28.1 81.4 112.0 213 112.5 0.22
Eccentric PT at 60°/sec (Nm) 127.0 25.4 74.9 152.1 30.3 151.4 0.39
Isometric PT (Nm) 101.5 17.7 48.1 131.1 33.9 172.0 0.34
SLVJ (cm) 30.9 8.4 22.9 33.2 4.8 28.1 0.68
Thigh girth (cm) 49.4 3.4 10.2 50.4 1.9 11.7 0.66

PBFRT: practical blood flow restriction training; PT: peak torque; SLVJ: single leg vertical jump

Table 3. Post-intervention testing

Concentric PT at 60°%/sec (Nm) ~ 91.0 31.5 6.9 0.01* 1114 36.5 30.3 0.91
Eccentric PT at 60°/sec (Nm) 135.4 34.9 68.7 036 1588 50.9 58.0 0.57
Isometric PT (Nm) 106.2 40.4 79.6 0.64 1443 80.2 60.5 0.27
SLVJ (cm) 32.1 9.6 6.0 0.21 33.2 8.5 9.1 0.96
Thigh girth (cm) 49.7 3.6 2.6 036 51.0 3.4 2.3 0.16

*Significant change from baseline to post-intervention test (p<0.05)
PBFRT: practical blood flow restriction training; PT: peak torque; SLVJ: single leg vertical jump

Table 4. Change in primary strength outcome variables from baseline to post-intervention testing

Concentric PT at 60°/sec (Nm) 8.0 6.6 36.4 -0.7 12.1 30.3 0.29*
Eccentric PT at 60%/sec (Nm) 11.1 23.9 67.2 6.7 24.4 58.0 0.90
Isometric PT (Nm) 6.3 27.2 78.7 13.3 23.2 60.5 0.29*

*Mann-Whitney U test significance level
PBFRT: practical blood flow restriction training; PT: peak torque

Table 5. Change in secondary outcome variables from baseline to post-intervention testing

SLVJ (cm) 1.2 2.3 10.0 0.1 3.60 9.1 0.47
Thigh Girth (cm) 0.5 0.8 2.6 0.6 0.82 2.3 0.55
Average reps per set 25.1 10.8 29.2 26.3 9.42 24.7 0.84
Discomfort change scores (NRS) 3.0 0.4 1.5 3.0 0.7 1.7 0.75

*Significant difference between groups (p<0.05)
NRS: numeric rating scale; PBFRT: practical blood flow restriction training

Table 6. Outcome of assessor and trainer blinding regarding participant group allocation

Outcome measure assessor 7 5 2/12 (16.7)
Outcome measure assessor 7 5 7/12 (58.3)
Training supervisor 7 5 7/12 (58.3)

PBFRT: practical blood flow restriction training
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DISCUSSION

This study found that there was no difference
in quadricep muscle strength, hypertrophy or
function changes when comparing 6 weeks
of PBFRT during bodyweight exercise and
bodyweight exercise alone. This is the first
study to assess lower limb muscular strength
changes following PBFRT during bodyweight
resistance exercise.

These findings contrast with meta-analytical
data that found that strength was increased
following BFRT during bodyweight exercise
(Loenneke et al, 2012a). The studies included
in this meta-analysis were Abe et al (2006),
which compared the effects of BFRT (pneumatic
cuffs) during walking at 50 m/minute in young
men, and Abe et al (2010), which compared
the effects of BFRT (pneumatic cuffs) during
cycling at 40% of maximum oxygen uptake
(VO2,,.0)- Abe et al (2010) found that strength
did not significantly increase in the BFRT
group, while Abe et al (2006) found leg press,
leg curl IRM and knee extensor isometric
strength significantly increased (p <0.05) in their
BFRT group but not in the control. However,
both studies did not report between group
comparisons for strength improvements.

The findings of this study provide further
contrast against previous research on PBFRT,
which found significant improvements in
strength (Yamanaka et al, 2012; Luebbers et al,
2014). It was not possible to provide a direct
comparison of the results to other PBFRT
studies due to different loads (20-30% of 1RM)
being used in the other studies (Yamanaka et al,
2012; Wilson et al, 2013; Lowery et al, 2014;
Luebbers et al, 2014). Yamanaka et al (2012)
and Luebbers et al (2014) found that the squat
1RM value significantly increased after lower
limb PBFRT at 20% of 1RM, compared with
the same exercise and load without any blood
flow resistance (p<0.05). A further finding by
Yamanaka et al (2012) was that the 1RM bench
press value significantly increased in the PBFRT
group compared with the control group. Both
Yamanaka et al (2012) and Luebbers et al (2014)
did not describe any range of motion (ROM)
used during their exercise interventions, and only
Luebbers et al (2014) reported controlling the
speed of their exercises. Greater ROM or slower
speed performance during the exercises has been
shown to affect strength gains due to varying
times under tension (Burd et al, 2012).

Yamanaka et al (2012) and Luebbers et al
(2014) also assessed muscular strength using
changes in 1RM. In contrast, the present study

used isokinetic dynamometry, which is
considered the gold standard in assessing
muscular strength and has been found to be
more reliable and valid (Farrell and Richards,
1986; Knapik et al, 1996; Ly and Handelsman,
2002; Sole et al, 2007). None of the above
mentioned studies provided a description of how
randomisation blinding of outcome assessors
occurred. Blinding is a critical methodological
feature of RCTs that aims to prevent biased
assessment of outcomes and ascertainment bias
after randomisation (Karanicolas et al, 2010).
The methodological flaws described above
could have contributed to the contrasting results
found in the present study.

The training durations of previous BFRT
during bodyweight exercise (Ishii et al, 2005;
Abe et al, 2006; 2010) and PBFRT research
(Yamanaka et al, 2012; Luebbers et al, 2014)
for assessing strength changes is under
8 weeks. It is proposed that there is a significant
association between strength gains and weeks
of training (Loenneke et al, 2012a). A meta-
analysis of BFRT (Loenneke et al, 2012a)
found that the greatest significant increases
in muscular strength occurred after 10 weeks
of training. It is possible, therefore, that the
6 weeks of training adopted in the current study
is not a sufficient period to elicit significant
improvements in strength.

Yamanaka et al (2012) and Luebbers et al
(2014) found increased strength (squat 1RM)
with interventions lasting 4 and 7 weeks,
respectively. These studies (Yamanaka et
al, 2012; Luebbers et al, 2014) performed
PBFRT (20% of 1RM) in combination with
other resistance training exercises, which
makes it difficult to determine which exercise
contributed to the gains in strength. The
participants from both studies performed
PBFRT and conventional resistance training
together for 4 and 5 days per week, respectively.
Resistance training for 4-6 days a week is
recommended for the greatest increases in
muscular strength (McKenzie, 1981; Braith et
al, 1989; Ratamess et al, 2009).

The present study consisted of two sessions
per week over 6 weeks as a result of previous
BFRT and PBFRT research finding significant
improvements in muscular strength and
hypertrophy using these parameters (Loenneke
et al, 2012a; Yamanaka et al, 2012; Wilson et al,
2013; Lowery et al, 2014; Luebbers et al, 2014).
The combined sessions of PBFRT (20% of 1RM)
with conventional HIRT (60% of 1RM and over)
could have increased the volume of muscular
work performed (Ratamess et al, 2009; Burd
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et al, 2012), explaining the improvements in
muscular strength seen in Yamanaka et al (2012)
and Luebbers et al (2014).

Another difference between previous PBFRT
research (Yamanaka et al, 2012; Wilson et al,
2013; Lowery et al, 2014; Luebbers et al, 2014)
and the present study is that sets to fatigue
were used to ensure each participant performed
the maximal amount of repetitions possible.
In previous PBFRT research (Yamanaka et al,
2012; Luebbers et al, 2014), participants have
commented that the repetitions specified for each
set were either insufficient or too difficult. The
present study recorded no difference in average
repetitions performed in each set between groups.

Previous PBFRT research (Yamanaka et al,
2012; Luebbers et al, 2014) supports our finding
that there was no change in muscular hyper-
trophy, measured by thigh girth. This does,
however, contrast with previous BFRT research
using bodyweight exercise (Ishii et al, 2005;
Abe et al, 2006; 2010) and PBFRT research
that used ultrasonography to measure changes
in muscular hypertrophy (Wilson et al, 2013;
Lowery et al, 2014). Abe et al (2006) compared
walking at 50 m/minute and Abe et al (2010)
compared cycling with and without a blood flow
restriction stimulus in young men. Both these
studies (Abe et al, 2006; 2010) reported BFRT
to significantly increase thigh muscle cross-sec-
tional activity. Ishii et al (2005) investigated
whether circuit bodyweight resistance exercise,
with and without blood flow restriction, caused
thigh muscle hypertrophy (pneumatic cuffs)
(n=22). There was a significant difference seen
in the right limb, in favour of the BFRT group,
but no difference seen in the left limb.

Only one (Ishii et al, 2005) of the three
above mentioned studies (Ishii et al, 2005;
Abe et al, 2006; 2010) assessed BFRT and
control group differences at post-intervention
testing. These results, therefore, do not support
the effectiveness of BFRT during bodyweight
exercise alone for increasing muscular
hypertrophy. Two PBFRT studies using a
training load of 20-30% of 1RM (Wilson et al,
2013; Lowery et al, 2014) found an increase
in muscular hypertrophy as measured by
ultrasonography. These findings are in contrast
to the present study, possibly due to the accuracy
of the measure used (Ross et al, 1994; Weiss
et al, 2000; Miyatani et al, 2002). Thigh girth
measurements were used in the present study
because of its correlation with ultrasound in
measuring hypertrophic changes and also
due to its use in previous PBFRT research to
assess muscular hypertrophy (Weiss et al, 2000;

Yamanaka et al, 2012; Luebbers et al, 2014).
Despite this, ultrasonography imaging has been
shown to be more accurate than thigh girth
measurements in assessing changes in muscular
hypertrophy in young adults (Ross et al, 1994;
Miyatani et al, 2002).

The present study agrees with Wilson et al
(2013) that BFRT causes no change in vertical
jump height. Recent meta-analytical data shows
that plyometric exercise provides statistically
significant (p <0.05) improvements in vertical
jump height in young adults (Markovic, 2007).
As plyometric exercises were not performed
during Wilson et al (2013) or the present study,
this could explain why no change in jump height
was found (Markovic, 2007).

Limitations

There are a number of limitations in this
study. First, the activity levels of participants
were recorded before commencing this study.
Participant activity level was neither controlled
nor restricted during the study period, which
may have led to confounding results. Second,
ultrasonography imaging was not used to
assess changes in muscular hypertrophy, which
would have provided more accurate and valid
hypertrophy measurements (Ross et al, 1994;
Weiss et al, 2000; Miyatani et al, 2002). Finally,
the outcome variables were only reassessed
after the 6-week training intervention, with no
medium to long-term follow-up.

Clinical implications

Bodyweight SLS exercise did not improve
strength, function or hypertrophy with a
PBFR stimulus compared with bodyweight
exercise alone. Findings from the present
study and previous BFRT research using only
bodyweight exercise (Ishii et al, 2005; Abe
et al, 2006; 2010) suggest that PBFRT during
bodyweight exercise, with said parameters, is
not effective for increasing muscular strength
compared with body weight exercise alone.
Clinicians should use exercises with a greater
load to achieve significant gains in muscular
strength during PBFRT.

Future research

Future research should include larger sample
sizes to determine whether the significant
difference found in the PBFRT group for
concentric peak torque is substantiated. PBFRT
RCTs need to be conducted using individuals
who are less active, older age groups and
females to be able to generalise the results.
The long-term effects of PBFRT on skeletal
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muscle strength and hypertrophy of training
durations over 10 weeks should be investigated
(Loenneke et al, 2012a).

Future research should compare different
training loads and dosages using the validated
7/10 perceived wrap tightness method (Wilson
et al, 2013), isolated from other resistance
training interventions. Future PBFRT studies
should also measure how much blood flow
restriction (venous or arterial) has occurred to
support previous findings (Wilson et al, 2013).
Studies should use isokinetic dynamometry
to assess muscular strength changes due to its
accuracy over 1RM assessments (Farrell and
Richards, 1986; Knapik et al, 1996; Sole et
al, 2007). Studies should also use ultrasound
imaging for hypertrophic changes (Ross et al,
1994; Miyatani et al, 2002).

CONCLUSIONS

This study demonstrated that the use of PBFRT
in conjunction with an SLS bodyweight
resistance exercise was not effective at
increasing lower limb muscular strength,
hypertrophy or function in young adults when
compared with SLS bodyweight resistance
exercise alone. Previous research suggests that
PBFRT can be effective for increasing muscular
strength and hypertrophy when performing
exercise at 20-30% of 1RM. The present study
and previous PBFRT research performed using
only bodyweight exercise suggest that this
load of exercise is insufficient to significantly
increase muscular strength or hypertrophy.
Future PBFRT research needs to be performed
using rigorous and standardised methodologies
to discover whether PBFRT using a perceived
wrap tightness of 7/10 is effective at increasing
muscular strength. The findings of the present
study concern the dynamic SLS exercise per-
formed with and without a PBFR stimulus on
quadriceps strength, hypertrophy and function in
young adults. They may not be generalisable to
other exercises, muscles or age groups.

Conflict of interest: none declared.

Abe T, Fujita S, Nakajima T et al (2010) Effects of low-
intensity cycle training with restricted leg blood flow on
thigh muscle volume and VO2max in young men. J Sports
Sci Med 9(3): 452-8

Abe T, Kearns CF, Sato Y (2006) Muscle size and strength
are increased following walk training with restricted
venous blood flow from the leg muscle, Kaatsu-walk train-
ing. J Appl Physiol 100(5): 1460-6

American College of Sports Medicine (2009) Guidelines for
Exercise Testing and Prescription. 8th edition. Lippincott
Williams & Wilkins, Philadelphia, PA

Augustsson J, Thomeé R, Lindén C, Folkesson M, Tranberg
R, Karlsson J (2006) Single-leg hop testing following
fatiguing exercise: reliability and biomechanical analysis.
Scand J Med Sci Sports 16(2): 111-20

Ayotte NW, Stetts DM, Keenan G (2007)
Electromyographical analysis of selected lower extrem-
ity muscles during 5 unilateral weight-bearing exercises.
J Orthop Sports Phys Ther 37: 48-55

Beutler AI, Cooper LW, Kirkendall DT (2002)
Electromyographic analysis of single-leg, closed chain
exercises: Implications for rehabilitation after anterior cru-
ciate ligament reconstruction. J Athl Train 37(1): 131-8

Braith RW, Graves JE, Pollock ML, Leggett SL, Carpenter
DM, Colvin AB (1989) Comparison of 2 vs 3 days/week
of variable resistance training during 10- and 18-week pro-
grams. Int J Sports Med 10(6): 450—4

Burd NA, Andrews RJ, West DW et al (2012) Muscle time
under tension during resistance exercise stimulates differ-
ential muscle protein sub-fractional synthetic responses in
men. J Physiol 590(2): 351-62

Clapper MP, Wolf SL (1988) Comparison of the reliability of the
Orthoranger and the standard goniometer for assessing active
lower extremity range of motion. Phys Ther 68(2): 214-8

Department of Health (2004) UK Physical Activity
Guidelines. www.dh.gov.uk/en/Publicationsandstatistics/
Publications/PublicationsPolicy AndGuidance/DH_127931
(accessed 22 June 2014)

Farrell M, Richards JG (1986) Analysis of the reliability and
validity of the kinetic communicator exercise device Med
Sci Sports Exerc 18(1): 44-9

Fujino H, Sata S, Sata M (2000) Effect of resistance training
with partial vascular occlusion after anterior cruciate liga-
ment reconstruction. J Jpn Soc Clin Sports Med 8: 247-51

Gentil P, Oliveira E, Bottaro M (2006) Time under tension
and blood lactate response during four different resistance
training methods. J Physiol Anthropol 25(5): 339-44

Hopper D, Goh S, Wentworth L et al (2002) Test-retest reli-
ability of knee rating scales and functional hop tests one
year following anterior cruciate ligament reconstruction.
Phys Ther Sport 3(1): 10-8

Ishii N, Madarame H, Odagiri K, Naganuma M, Shinoda
K (2005) Circuit training without external load induces
hypertrophy in lower-limb muscles when combined
with moderate venous occlusion. International Journal
of KAATSU Training Research 1(1): 24-8. doi: 10.3806/
ijktr.1.24

Karanicolas PJ, Farrokhyar F, Bhandari M (2010) Blinding:
Who, what, when, why, how? Can J Surg 53(5): 345-8

Kawada S, Ishii N (2005) Skeletal muscle hypertrophy after
chronic restriction of venous blood flow in rats. Med Sci
Sports Exerc 37(7): 1144-50

Kawada S, Ishii N (2007) Changes in skeletal muscle size,
fiber-type composition and capillary supply after chronic
venous occlusion in rats. Acta Physiol (Oxf) 192(4): 541-9

Knapik JJ, Staab JS, Harman EA (1996) Validity of an
anthropometric estimate of thigh muscle cross-sectional
area. Med Sci Sports Exerc 28(12): 1523-30

Loenneke JP, Wilson JM, Wilson GJ, Pujol TJ, Bemben MG
(2011) Potential safety issues with blood flow restriction
training. Scand J Med Sci Sports 21(4): 510-8

Loenneke JP, Wilson JM, Marin PJ, Zourdos MC, Bemben
MG (2012a) Low intensity blood flow restriction training:
A meta-analysis. Eur J Appl Physiol 112(5): 1849-59

Loenneke JP, Fahs CA, Rossow LM, Abe T, Bemben MG
(2012b) The anabolic benefits of venous blood flow
restriction training may be induced by muscle cell swell-
ing. Med Hypotheses 78(1): 151-4. doi: 10.1016/j.
mehy.2011.10.014

Loenneke JP, Thiebaud RS, Abe T (2014) Does blood flow
restriction result in skeletal muscle damage? A critical
review of available evidence. Scand J Med Sci Sports
25(4): 521-34

Lowery RP, Joy JM, Loenneke JP et al (2014) Practical blood
flow restriction training increases muscle hypertrophy
during a periodized resistance training programme. Clin
Physiol Funct Imaging 34(4): 317-21

Luebbers PE, Fry AC, Kriley LM, Butler MS (2014) The
effects of a seven-week practical blood flow restriction
program on well-trained collegiate athletes. J Strength
Cond Res 28(8): 2270-80

© 2015 MA Healthcare Ltd

270

International Journal of Therapy and Rehabilitation, June 2015, Vol 22, No 6



Ly LP, Handelsman DJ (2002) Muscle strength and age-
ing: Methodological aspects of isokinetic dynamometry KEY POINTS
and androgen administration. Clinical and Experimental

Pharmacology and Physiology 29: 37-47

M?IkOViCh G (53702 Dofs Plylm:}etrlic tr?iningB imyrgve Vef]t‘i/lcﬂ B Blood flow restriction training during body weight exercise alone is not
211111?6%: 362575'5 metaanalytical review. Br J Sports Me sufficient to increase muscular strength or hypertrophy

McKenzie GG (1981) Effects of frequency of weight train-

ing on muscle strength enhancement. J Sports Med Phys B Practical blood flow restriction training requires a training load of at least

Fimess 21(4): 432-6 20% of one repetition maximum to significantly increase muscular strength
Meylan C, McMaster T, Cronin J, Mohammad NI, Rogers C, and hvpertroph

Deklerk M (2009) Single-leg lateral, horizontal,and verti- yp Py

cal jump assessment: Reliability, interrelationships, and B A wrap tightness of 7/10 needs to be validated in further research to

ability to predictsprint and change-of-direction perform- . L )

ance. J Strength Cond Res 23(4): 11407 increase muscular strength and cause venous occlusion in a wide range
Miyatani M, Kanehisa H, Kuno S, Nishijima T, Fukunaga T of population groups.

(2002) Validity of ultrasonograph muscle thickness meas-
urements for estimating muscle volume of knee extensors
in humans. Eur J Appl Physiol 86(3): 203-8
Phillips BA, Lo SK, Mastaglia FL (2000) Isokinetic and Swearingen J, Lawrence E, Stevens J, Jackson C, Waggy C,

isometric torque values using a Kin-Com dynamometer Davis SD (2011) Correlation of single leg vertical jump,
in normal subjects aged 20 to 69 years. Isokinetics and single leg hop for distance, and single leg hop for time.
Exercise Science 8(2): 147-59 Phys Ther Sport 12(4): 194-8
Ratamess N, Alvar B, Evetoch TK et al (2009) Progression Takano H, Morita T, lida H et al (2005) Hemodynamic and
models in resistance training for healthy adults. Med Sci hormonal responses to a short-term low-intensity resist-
Sports Exerc 41: 687-708 ance exercise with the reduction of muscle blood flow. Eur
Reeves GV, Kraemer RR, Hollander DB et al (2006) J Appl Physiol 95(1): 65-73
Comparison of hormone responses following light resist- Takarada Y, Nakamura Y, Aruga S, Onda T, Miyazaki S, Ishii
ance exercise with partial vascular occlusion and moder- N (2000a) Rapid increase in plasma growth hormone after
ately difficult resistance exercise without occlusion. J Appl low-intensity resistance exercise with vascular occlusion.
Physiol 101(6): 1616-22 J Appl Physiol 88(1): 61-5
Ross R, Shaw K, Rissanen J (1994) Sex differences in lean Takarada Y, Takazawa H, Ishii N (2000b) Application of vas-
and adipose tissue distribution by magnetic resonance cular occlusion diminsh disuse atrophy of knee extensor
imaging: Anthropometric relationships. Am Clin Nutr muscles. Med Sci Sports Exerc 32(12): 2035-9
59(6): 1277-85 Weiss LW, Coney HD, Clark FC (2000) Gross measures of
Sakamaki M, Fujita S, Sato Y, Bemben MG, Abe T (2008) exercise-induced muscular hypertrophy. J Orthop Sports
Blood pressure response to slow walking combined with Phys Ther 30(3): 143-8
KAATSU in the elderly. International Journal of KAATSU Wilson JM, Lowery RP, Joy JM, Loenneke JP, Walters JA,
Training Research 4(1): 17-20. doi: 10.3806/ijktr.4.17 Amsden CE (2013) Practical blood flow restriction train-
Schoenfeld BJ (2010) Squatting kinematics and kinetics and ing increases acute determinants of hypertrophy without
their application to exercise performance. J Strength Cond increasing indices of muscle damage. J Strength Cond Res
Res 24(12): 3497-506 27(11): 3068-75. doi: 10.1519/J1SC.0b013e31828alffa
Sole G, Hamrén J, Milosavljevic S, Nicholson H, Sullivan SJ Yamanaka T, Farley RS, Caputo JL (2012) Occlusion training
(2007) Test-retest reliability of isokinetic knee extension increases muscular strength in division IA football players.
and flexion. Arch Phys Med Rehabil 88(5): 626-31 J Strength Cond Res 26(9): 2523-9

© 2015 MA Healthcare Ltd

Tools for Continuing Professional [Rrets|l R

Development 2nd edition Continuing
Professional
Development

Chia Swee Hong, Deborah Harrison

Indispensable one-stop shop for learning all you need to know about
continuing professional development: what is it, why you need it and
how you can achieve it

2nd Edition

Revised and updated with new chapters on recent methods and tools
and the auditing process

Practical new case studies and examples included

ISBN-13: 978-1-85642-424-0; 210 x 148 mm; paperback; 244 pages; publication 2011; £15.99

Order your copies by visiting or call our Hotline s
edite Chia Swee Hong an eboral )
www.quaybooks.co.uk  +44(0)1722 716 935 Y Svea g end Dl o

International Journal of Therapy and Rehabilitation, June 2015, Vol 22, No 6 271


https://www.researchgate.net/publication/279160723

