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Abstract
The aim was to compare exercise with and without different degrees of blood-flow restriction on perceived exertion (RPE)
and discomfort. Participants were assigned to Experiment 1, 2, or 3. Each completed protocols differing by pressure, load,
and/or volume. RPE and discomfort were taken before and after each set. For pressure and RPE, the 20% one repetition
maximum (1RM) blood-flow restriction conditions were affected by increasing the pressure from 40% to 50% blood-flow
restriction (~12 vs. ~14). This did not appear to happen within the 30% 1RM blood-flow restriction conditions or the higher
pressures in the 20% 1RM conditions. The similar RPE between 20% and 30% 1RM to failure was expected given both
were to failure. For discomfort, ratings were primarily affected by load at the lowest pressure. Increasing pressure to 50%
blood-flow restriction increased discomfort at 20% 1RM (~2.6 vs. ~4). There was a further increase when increasing to 60%
blood-flow restriction (~4 vs. ~4.8). The high-load condition had the lowest discomfort, while ratings were highest with 20%
1RM to failure. In conclusion, exercise with blood-flow restriction does not appear to augment the perceptual response
observed with low-load exercise to failure.

Keywords: KAATSU, occlusion training, RPE, discomfort

Introduction

Blood-flow restriction in combination with resistance
exercise has been shown to result in muscle hypertro-
phy and strength gain across a variety of populations,
including the elderly (Takarada et al., 2000), highly
trained athletes (Takarada, Sato, & Ishii, 2002), those
recovering from injuries (e.g. ACL, osteochondral
fracture, etc.) (Lejkowski & Pajaczkowski, 2011;
Loenneke, Young, Wilson, & Andersen, 2013), as
well as a patient diagnosed with an idiopathic inflam-
matory myopathy (Gualano et al., 2010). These mus-
cular benefits have been observed independent of a
high load (~20–30% concentric one repetition max-
imum (1RM)) and the stimulus appears to be rela-

tively safe (Loenneke, Thiebaud, & Abe, 2014;
Loenneke, Wilson, Wilson, Pujol, & Bemben,
2011). The mechanisms behind these effects are not
fully known but have been discussed in detail pre-
viously (Loenneke, Abe, et al., 2012; Loenneke,
Wilson, & Wilson, 2010). However, when designing
exercise protocols it is important to identify not only
the physiologic responses but also the perceptual
responses to that exercise. If two protocols produce
similar physiologic responses but one has exaggerated
ratings of perceived exertion (RPE) and discomfort, it
stands to reason that the task with lower levels of RPE
and discomfort would be more efficacious. This may
be particularly important for populations that may be
contraindicated to participate in higher load exercise.
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Previous research suggests that the perceptual
response to resistance exercise may be higher with
blood-flow restriction compared to non-blood-flow
restricted resistance exercise, despite completing a
lower volume of work with blood-flow restriction
(Loenneke, Balapur, Thrower, Barnes, & Pujol,
2011). For example, when participants completed
two sets of low-load (30% 1RM) knee extension
exercise to failure with and without blood-flow
restriction from knee wraps, the RPE was higher
following both sets of resistance exercise with
blood-flow restriction. In addition, the rating of dis-
comfort was similar following the first set but was
significantly elevated following the second set with
blood-flow restriction. These differences were
observed despite the low-load group without blood-
flow restriction completing significantly more work.
This study was in agreement with Hollander et al.
(2010) who demonstrated low loads (30%1RM)
combined with blood-flow restriction altered percep-
tual ratings similarly to that observed with higher
intensity exercise (70%1RM). However, it is impor-
tant to note that these studies used failure protocols
and exercising to failure does not appear to be requi-
site for increases in muscle size and function with
blood-flow restriction (Laurentino et al., 2012;
Martín-Hernández et al., 2013). Furthermore, mak-
ing the pressure relative to individual’s leg circum-
ference may result in a more uniform response
across participants (Loenneke, Fahs, et al., 2012).
For example, previous studies not accounting
for limb size may have been causing much greater
restriction than necessary in participants with
smaller limbs (Cook, Kanaley, & Ploutz-Snyder,
2014; Karabulut, Sherk, Bemben, & Bemben,
2013; Manimmanakorn, Hamlin, Ross, Taylor, &
Manimmanakorn, 2013). It is important to charac-
terise these perceptual responses to resistance exer-
cise, especially since recent evidence suggests that
muscle hypertrophy can occur with low loads in the
absence of blood-flow restriction, provided it is taken
to failure (Fahs et al., 2014; Mitchell et al., 2012;
Van Roie, Delecluse, Coudyzer, Boonen, &
Bautmans, 2013). If blood-flow restriction protocols
result in higher perceptual responses, then it may be
more efficacious to have participants exercise to fail-
ure in the absence of blood-flow restriction. This has
been hypothesised previously in a recent letter to the
editor (Burd, Moore, Mitchell, & Phillips, 2013):
“Overall, we hope that it becomes common sense
that lifting a low load to voluntary failure is simply a
milder form of low-load blood-flow restrictive exer-
cise, with both forms of exercise eventually resulting
in maximal muscle fibre activation, that will lead to
muscle hypertrophy after training.” Thus, the pur-
pose of this study was to determine what effect low-
load resistance exercise, with and without different

relative degrees of blood-flow restriction (i.e. relative
to limb circumference), will have on the acute per-
ceptual response to resistance exercise. To investi-
gate this across several different conditions, we ran
three experiments with three separate groups of phy-
sically active men.

Methods

Participants

Forty-five physically active men aged 18–35 years
were recruited to participate in this study. Physical
activity of each participant was determined by self-
report. Physically active was defined as being active
three or more days per week with a whole body
resistance training component two or more days per
week for at least the last three months. Participants
who were hypertensive (> 140/90 mmHg), used
tobacco regularly within past 6 months, or had a
body mass index equal to or greater than 30 kg · m−2

along with another risk factor for thromboembolism,
were excluded (Motykie et al., 2000). Of those initial
45, only 40 completed all of the testing sessions. Two
participants were excluded following the initial visit
because they had resting supine blood pressures ≥140/
90 mmHg. One participant sustained a knee injury
prior to visits 2–5 and was excluded from further
participation. One participant sustained a hamstring
injury following visit 2 and withdrew from further
participation. Both of these injuries occurred outside
of the laboratory and were not related to this research
study. One participant completed the first three visits
but was unable to schedule the fourth within the
required 5–10 day window. Thus, he was excluded
from all further analyses. The study received approval
from the university’s institutional review board, and
each participant gave written informed consent before
participation. Muscle activation data are reported in a
separate study (Loenneke, Kim, et al., 2014).

Study design

During initial screening visit, participants had their
height (to the nearest 0.5 cm) and body mass (to the
nearest 0.1 kg) measured to calculate body mass
index. Next, blood pressure and ankle brachial
index were measured in the supine position to
exclude those who may be hypertensive or those
who had indications of peripheral vascular disease.
Following this, thigh circumference was measured in
supine position on the non-dominant leg to deter-
mine the pressure that would be used during the
resistance exercise bouts with blood-flow restriction.
Participants were then tested for their bilateral con-
centric 1RM on the knee extension machine (NT
1220, Nautilus, Louisville, CO, USA). After

2 J. P. Loenneke et al.

D
ow

nl
oa

de
d 

by
 [

C
om

pu
tin

g 
&

 L
ib

ra
ry

 S
er

vi
ce

s,
 U

ni
ve

rs
ity

 o
f 

H
ud

de
rs

fi
el

d]
 a

t 1
8:

58
 0

6 
Ja

nu
ar

y 
20

15
 



recording a successful 1RM attempt, participants
were familiarised with the cadence of the exercise
using a metronome and completed two submaximal
(30% 1RM, 2 sets of 10) sets under blood-flow
restriction (60% estimated arterial occlusion) to
familiarise them with the stimulus. Participants
were then scheduled for their first of four visits
(three exercise conditions, one control, Table I)
with a minimum of five and a maximum of 10 days
between visits. To set condition order, a sequence
generator (Random.org) was used where the smal-
lest value was one and the largest value was four
(corresponding to condition number in Table I).
This was generated for each participant. The indivi-
dual conditions within each of the experiments will
be abbreviated in the results and discussion as
follows:

Experiment 1 (n = 14): High Load = 70% 1RM
(non-blood-flow restriction); 20%/40 blood-flow
restriction = 20% 1RM, 40% estimated arterial
occlusion pressure; and 30%/40 blood-flow restric-
tion = 30% 1RM, 40% estimated arterial occlusion
pressure.
Experiment 2 (n = 14): 30% = 30% 1RM to
failure (non-blood-flow restriction); 20%/50;
blood-flow restriction = 20% 1RM, 50% estimated
arterial occlusion pressure; and 30%/50 blood-flow
restriction = 30% 1RM, 50% estimated arterial
occlusion pressure.
Experiment 3 (n = 12): 20% = 20% 1RM to
failure (non-blood-flow restriction); 20%/60
blood-flow restriction = 20% 1RM, 60% estimated
arterial occlusion pressure; and 30%/60 blood-flow
restriction = 30% 1RM, 60% estimated arterial
occlusion pressure.

Resistance exercise protocols

Participants were randomly assigned to one of the
three experiments. Once assigned, participants com-
pleted all of the protocols in random order within
that experiment. The protocols were comparing
exercise load, differing degrees of blood-flow restric-
tion, and exercise volume. Differing degrees of
blood-flow restriction were chosen to determine if a
dose response could be observed across restrictive
pressures. The maximum pressure was set at 60% of
estimated arterial occlusion as this has been pre-
viously shown to result in high levels of fatigue post
exercise, with many of the participants unable to
complete the goal amount of repetitions (Loenneke
et al., 2013a). The high-load protocol was completed
with 1 min rest between sets. All other protocols
were separated by 30 s rest periods between sets. A
metronome was used to ensure that the participants
held the cadence of 1 s for the concentric muscle
action and 1 s for the eccentric muscle action during
bilateral knee extension exercises. During control
conditions, participants rested in the knee extension
device but did not exercise. RPE and discomfort
were quantified before exercise and following every
set of exercise. In the control condition, RPE and
discomfort were quantified every minute throughout
the rest period. The pre-value was taken prior to
putting the cuffs on.

Thigh circumference (33%)

The circumference of the non-dominant thigh was
measured with a tape measure at the 33% site
between the top of the patella (knee cap) and ingu-
inal crease. The 33% site was measured on the initial
visit in the supine position to determine the inflation
pressure.

One repetition maximum (1RM)

The maximum load that could be lifted through a
full range of motion with proper form was assessed
and recorded as the concentric 1RM. The bilateral
knee extension 1RM was assessed to the nearest
2.3 kg using standard 1RM procedures described
previously (Loenneke et al., 2013a). All 1RMs were
determined within five attempts and approximately 1
min rest was allotted between attempts.

Blood-flow restriction

With the participants in seated position, the blood-
flow restriction cuffs (5 cm, Hokanson, Inc.) were
applied to the most proximal portion of each thigh.
The cuffs were inflated to 50 mmHg for 30 s and
then deflated for 10 s. The cuffs were then inflated to

Table I. Exercise protocols.

1RM (%) Protocol Arterial Occ. (%)

Experiment 1
Condition 1 70 4 × 10 0
Condition 2 20 30–15–15–15 40
Condition 3 30 30–15–15–15 40
Condition 4 0 0 0

Experiment 2
Condition 1 30 4 × Failure 0
Condition 2 20 30–15–15–15 50
Condition 3 30 30–15–15–15 50
Condition 4 0 0 0

Experiment 3
Condition 1 20 4 × Failure 0
Condition 2 20 30–15–15–15 60
Condition 3 30 30–15–15–15 60
Condition 4 0 0 0

Note: %1RM = percentage of one repetition maximum; %Arterial
Occ. = percentage of estimated arterial occlusion

Perceptual response to exercise 3
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100 mmHg for 30 s and then deflated for 10 s
(unless 100 mmHg was the target pressure). The
cycle of cuff inflation/deflation was repeated with
the cuff pressures increasing in increments of
40 mmHg until the target inflation pressure was
reached. The cuffs were inflated to the target infla-
tion pressure prior to the first set of exercise and
then deflated and removed immediately following
the final set of exercise. The final pressure was set
to a percentage of arterial occlusion estimated from
thigh circumference (Table II). To determine esti-
mated arterial occlusion, we used a previous dataset
(Loenneke, Fahs, et al., 2012) and plotted thigh
circumference with arterial occlusion. This method
is likely imperfect but does appear to provide a rela-
tive blood-flow restriction stimulus (Loenneke et al.,
2013a). Further, the cuffs used in the current study
have previously been shown to provide a stimulus
similar to the traditional Kaatsu Master Apparatus
applied to an initial pressure of 50 mmHg (cuff
pressure applied to limb prior to inflation) at rest
(Loenneke et al., 2013b) and during exercise
(Loenneke, Thiebaud, et al., 2014).

Ratings of perceived exertion (RPE)

RPE was taken before each exercise bout and follow-
ing each set using the standard Borg 6–20 scale with
methods similar to that of Hollander et al. (2003).
Participants were instructed on how to rate RPE
prior to each exercise visit. Participants were told,
“We want you to rate your perception of exertion,
that is, how heavy and strenuous the exercise feels to
you. The perception of exertion depends mainly on
the strain and fatigue in your muscles. We want you
to use this scale from 6–20, where 6 means ‘no
exertion at all’ and 20 means ‘maximal exertion’;
any questions?” Participants confirmed that they
fully understood how to rate RPE prior to actual
testing.

Ratings of discomfort

A rating of discomfort was taken before each exercise
bout and following each set using the Borg

discomfort scale (CR-10+). Methods similar to that
of Hollander et al. (2003) were used. For example,
participants were asked, “What are your worst
experiences of discomfort? ‘Maximum discomfort
(rating of 10)’ is your main point of reference; it is
anchored by your previously experienced worst dis-
comfort. The worst discomfort that you have ever
experienced, the ‘Maximum discomfort’ may not be
the highest possible level of discomfort. There may
be a level of discomfort that is still stronger than your
10; if this is the case, you will say 11 or 12. If the
discomfort is much stronger, for example, 1.5 times
‘Maximum Discomfort’ you will say 15; any ques-
tions?” Participants confirmed that they fully under-
stood how to rate discomfort prior to actual testing.

Statistical analyses. All data were analysed using the
SPSS 18.0 statistical software package (SPSS Inc.,
Chicago, IL) with variability represented as standard
deviation (s). To compare differences in the percep-
tual responses (RPE and Discomfort), the Friedman
non-parametric test was used to determine if differ-
ences existed between conditions at different time
points (pre, 1st set, 2nd set, 3rd set, 4th set). If
significant differences existed, Wilcoxon related
samples non-parametric tests were used to deter-
mine where the difference occurred. Statistical sig-
nificance for this test was set at an alpha level of
0.05. All post-hoc comparisons maintained the
error rate by Bonferroni correcting the p level.

Results

Experiment 1

Group characteristics. Participants (n = 14) on average
were 23 (4) years old, 176 (6) cm tall, 81 (13.6) kg,
had a body mass index of 25.9 (3.2) kg · m−2, a 1RM
of 76.4 (13) kg and a supine measured thigh circum-
ference at the 33% site of 59.4 (6.1) cm.

Ratings of perceived exertion. Friedman non-parametric
test found no significant differences between condi-
tions for baseline RPE (Table III, P = 0.999).
However, a significant difference was found between
conditions for set 1 (P < 0.001), 2 (P < 0.001), 3
(P < 0.001), and 4 (P < 0.001).

Ratings of discomfort. Friedman non-parametric test
found no significant differences between conditions
for baseline ratings of discomfort (Table IV,
P = 0.999). However, a significant difference was
found between conditions for set 1 (P < 0.001), 2
(P < 0.001), 3 (P < 0.001), and 4 (P < 0.001).

Total repetitions completed. The number of repetitions
completed for each protocol is presented in Table V.

Table II. Blood-flow restriction pressures.

Thigh circ.
Pressure used
(60% AO)

Pressure used
(50% AO)

Pressure used
(40% AO)

< 45–50.9 cm 120 mmHg 100 mmHg 80 mmHg
51–55.9 cm 150 mmHg 130 mmHg 100 mmHg
56–59.9 cm 180 mmHg 150 mmHg 120 mmHg
> 60.9 cm 210 mmHg 180 mmHg 140 mmHg

Note: Circ = circumference; AO = estimated arterial occlusion.

4 J. P. Loenneke et al.
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Experiment 2

Group characteristics. Participants (n = 14) on average
were 23 (4) years old, 175 (7) cm tall, 78.9 (14.0) kg,
had a body mass index of 25.7 (3.9) kg · m−2, a 1RM
of 77.6 (17.7) kg and a supine measured thigh cir-
cumference at the 33% site of 57.6 (5.5) cm.

Ratings of perceived exertion. Friedman non-para-
metric test found no significant differences between
conditions for baseline RPE (Table III, P = 0.999).

However, a significant difference was found between
conditions for set 1 (P < 0.001), 2 (P < 0.001), 3
(P < 0.001), and 4 (P < 0.001).

Ratings of discomfort. Friedman non-parametric test
found no significant differences between conditions
for baseline ratings of discomfort (Table IV,
P = 0.999). However, a significant difference was
found between conditions for set 1 (P < 0.001), 2
(P < 0.001), 3 (P < 0.001), and 4 (P < 0.001).

Table III. Ratings of perceived exertion (RPE).

Pre Set 1 Set 2 Set 3 Set 4

Experiment 1
HL 6 (6–6) 12 (8–13)a 14 (11–15)ab 15 (12–16)a 15 (13–17)a

20%/40 BFR 6 (6–6) 11(7–13)a 13 (9–15)a 13 (10–15)b 13 (11–15)b

30%/40 BFR 6 (6–6) 13 (10–15)a 14 (13–17)b 15 (14–17)a 17 (13–18)a

CON 6 (6–6) 6 (6–6)b 6 (6–6)c 6 (6–6)c 6 (6–6)c

Experiment 2
30% 6 (6–6) 14 (13–16)a 16 (14–17)a 17 (14–17)a 18 (15–19)a

20%/50 BFR 6 (6–6) 11 (9–13)b 14 (11–14)b 15 (14–15)b 16 (14–17)b

30%/50 BFR 6 (6–6) 12 (10–15)a 14 (12–17)a 15 (14–17)a 16 (15–19)ab

CON 6 (6–6) 6 (6–6)c 6 (6–6)c 6 (6–6)c 6 (6–6)c

Experiment 3
20% 6 (6–6) 14 (13–15)a 16 (15–17)a 17 (15–18)a 18 (15–19)a

20%/60 BFR 6 (6–6) 11 (10–13)b 13 (13–15)a 15 (14–17)a 16 (15–18)a

30%/60 BFR 6 (6–6) 13 (10–14)ab 13 (15–16)a 16 (14–17)a 16 (14–19)a

CON 6 (6–6) 6 (6–6)c 6 (6–6)b 6 (6–6)b 6 (6–6)b

Notes: HL high load (70% maximal effort); 20%/40 BFR = 20% maximal effort at an estimated 40% arterial occlusion pressure; 30%/40
BFR = 30% maximal effort at an estimated 40% arterial occlusion pressure; CON = control; 30% = 30% maximal effort to failure; 20%/50
BFR = 20% maximal effort at an estimated 50% arterial occlusion pressure; 30%/50 BFR = 30% maximal effort at an estimated 50%
arterial occlusion pressure; 20% = 20% maximal effort to failure; 20%/60 BFR = 20% maximal effort at an estimated 60% arterial occlusion
pressure; 30%/60 BFR = 30% maximal effort at an estimated 60% arterial occlusion pressure. Sets with different letters represent significant
differences between conditions (P ≤0.05). Values represented as 50th percentile (25th–75th) percentiles.

Table IV. Ratings of discomfort.

Pre Set 1 Set 2 Set 3 Set 4

Experiment 1
HL 0 (0–0) 2 (0.8–3.2)ab 3 (1.7–6)ab 3.5 (2.7–7)a 5.5 (3.7–7.2)ab

20%/40 BFR 0 (0–0) 1 (0.5–3.2)a 2.7 (1.3–5)a 3 (2.2–5.1)a 4 (2.7–6)a

30%/40 BFR 0 (0–0) 4 (2.2–6)b 5.5 (2.5–8)b 7 (3.6–8.2)b 7.5 (4.5–9)b

CON 0 (0–0) 0 (0–0)c 0 (0–0)c 0 (0–0)c 0 (0–0)c

Experiment 2
30% 0 (0–0) 3 (2.2–4.5)a 3.5 (3–7)a 5 (3.5–7)a 6 (3.5–8)a

20%/50 BFR 0 (0–0) 2 (0.8–3)b 3 (2.1–5)a 5 (2.7–6)a 6 (3.5–7)a

30%/50 BFR 0 (0–0) 3 (1.7–6)ab 5 (2.2–6.5)a 5 (3–7.5)a 6 (3.5–8.2)a

CON 0 (0–0) 0 (0–0)c 0 (0–0)b 0 (0–0)b 0 (0–0)b

Experiment 3
20% 0 (0–0) 4 (2.5–5.7)a 5 (3.2–7)a 6 (4–7.7)a 7 (4.2–8.7)a

20%/60 BFR 0 (0–0) 3 (2–3)a 4 (3.1–5.7)a 5.5 (4–7.7)a 7 (5–9)a

30%/60 BFR 0 (0–0) 2 (1.2–4)a 5 (4–7)a 7 (5.2–8)a 8 (5.2–9)a

CON 0 (0–0) 0 (0–0)b 0 (0–0)b 0 (0–0)b 0 (0–0)b

Note: HL = high load (70% one repetition maximum (1RM)); 20%/40 BFR = 20% 1RM at an estimated 40% arterial occlusion pressure;
30%/40 BFR = 30% 1RM at an estimated 40% arterial occlusion pressure; CON = control; 30% = 30% 1RM to failure; 20%/50
BFR = 20% 1RM at an estimated 50% arterial occlusion pressure; 30%/50 BFR = 30% 1RM at an estimated 50% arterial occlusion
pressure; 20% = 20% 1RM to failure; 20%/60 BFR = 20% 1RM at an estimated 60% arterial occlusion pressure; 30%/60 BFR = 30% 1RM
at an estimated 60% arterial occlusion pressure. Sets with different letters represent significant differences between conditions (P ≤0.05).
Values represented as 50th percentile (25th–75th) percentiles.

Perceptual response to exercise 5

D
ow

nl
oa

de
d 

by
 [

C
om

pu
tin

g 
&

 L
ib

ra
ry

 S
er

vi
ce

s,
 U

ni
ve

rs
ity

 o
f 

H
ud

de
rs

fi
el

d]
 a

t 1
8:

58
 0

6 
Ja

nu
ar

y 
20

15
 



Total repetitions completed. The number of repetitions
completed for each protocol is presented in Table V.

Experiment 3

Group characteristics. Participants (n = 12) on average
were 21 (3) years old, 179 (6) cm tall, 85.8 (12) kg,
had a body mass index of 26.5 (3.8) kg · m−2, a 1RM
of 81 (17.1) kg and a supine measured thigh circum-
ference at the 33% site of 60.5 (6.5) cm.

Ratings of perceived exertion. Friedman non-para-
metric test found no significant differences between
conditions for baseline RPE (Table III, P = 0.999).
However, a significant difference was found between
conditions for set 1 (P < 0.001), 2 (P < 0.001), 3
(P < 0.001), and 4 (P < 0.001).

Ratings of discomfort. Friedman non-parametric test
found no significant differences between conditions
for baseline ratings of discomfort (Table IV,
P = 0.999). However, a significant difference was
found between conditions for set 1 (P < 0.001), 2
(P < 0.001), 3 (P < 0.001), and 4 (P < 0.001).

Total repetitions completed. The number of repetitions
completed for each protocol is presented in Table V.

Discussion

The results of the current study suggest that with
blood-flow restriction, load appears to modulate
RPE and discomfort more so than changing pres-
sure. This effect of load on the perceptual response
primarily occurs at 40% of estimated arterial

occlusion pressure and its influence appears to
diminish at applied pressures of 50% and 60% of
estimated arterial occlusion. In addition, the results
of these experiments do not support the conjecture
that low-load exercise to failure is a “milder” form of
blood-flow restricted exercise.

A number of studies have observed increases in
RPE with low-load resistance exercise with and with-
out blood-flow restriction (Hollander et al., 2010;
Labarbera, Murphy, Laroche, & Cook, 2013;
Loenneke et al., 2011, 2013a, Loenneke,
Thiebaud, Fahs, et al., 2014; Rossow et al., 2012;
Wernbom, Augustsson, & Thomee, 2006;
Wernbom, Järrebring, Andreasson, & Augustsson,
2009; Yasuda et al., 2010). Of those studies investi-
gating RPE following blood-flow restriction in com-
bination with resistance exercise, only one has
investigated those changes across different pressures
(100 mmHg vs. 160 mmHg) and compared them to
high-load training. To illustrate, Yasuda et al. (2010)
investigated unilateral elbow flexion muscle contrac-
tions completed at 20% 1RM (30 repetitions, fol-
lowed by three sets of 15) and 70% 1RM (three sets
to failure). The 160 mmHg condition had higher
RPE than the 100 mmHg condition, but the non-
blood-flow restricted 70% 1RM condition had the
highest ratings. These results are consistent with the
findings from the 20% 1RM blood-flow restricted
conditions of the current study, where RPE was
affected (albeit small) by increasing pressure from
40% to 50% blood-flow restriction (~12 vs. ~14).
This did not appear to happen within the 30%
1RM blood-flow restriction conditions or the higher
restriction pressures in the 20% 1RM conditions
suggesting that the load may be playing a more
important role at lower restriction pressures in aug-
menting RPE. The similar RPE between 20% and
30% 1RM to failure is not surprising considering
both conditions were taken to muscular failure for
all four sets. In addition, there were no correlations
between RPE of the fourth set and post-exercise
lactate levels (data not shown). Although this is
speculation, this finding may suggest that the
increased ratings were due to psychological factors.

When examining the change in discomfort across
experiments for each load, the ratings were primarily
affected by load at the lowest applied pressure (40%
estimated arterial occlusion pressure). Increasing the
applied pressure from 40% to 50% blood-flow
restriction qualitatively increased ratings of discom-
fort at 20% 1RM, albeit small (~2.6 vs. ~4). There
was a further qualitative increase in the ratings when
increasing the applied pressure to 60% blood-flow
restriction (~4 vs. ~4.8); however, the meaningful-
ness of this small increase is unknown. For the non-
blood-flow restriction conditions, the high-load con-
dition qualitatively had the lowest ratings of

Table V. Repetitions completed.

Repetitions

Experiment 1
HL 37 (2)
20%/40 BFR 74 (2)
30%/40 BFR 69 (9)

Experiment 2
30% 91 (18)
20%/50 BFR 74 (2)
30%/50 BFR 67 (10)

Experiment 3
20% 165 (53)
20%/60 BFR 74 (2)
30%/60 BFR 67 (10)

Notes: 20% 1RM = 20% one repetition maximum (1RM); 30%
1RM = 30% 1RM; 40 BFR = 40% arterial occlusion pressure; 50
BFR = 50% arterial occlusion pressure; 60 BFR = 60% arterial
occlusion pressure; non-BFR = non-blood-flow restriction condi-
tions; HL high load (70% 1RM); 20% = 20% 1RM (no BFR);
30% = 30% 1RM (no BFR). Variability represented as standard
deviations.
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discomfort, while the ratings were highest with the
20% 1RM to failure condition. The difference in
discomfort between the failure conditions was likely
due to differences in exercise volume. A number of
studies have observed increases in ratings of discom-
fort with low-load resistance exercise with and with-
out blood-flow restriction (Hollander et al., 2010;
Labarbera et al., 2013; Loenneke, Balapur, et al.,
2011, 2013a, Loenneke, Thiebaud, Fahs, et al.,
2014; Rossow et al., 2012; Wernbom et al., 2009).
Of those studies, none have investigated the
response across different loads or pressures. Two of
the studies found no difference in ratings of discom-
fort between low-load resistance exercise to failure
with or without blood-flow restriction (Labarbera
et al., 2013; Wernbom et al., 2009). In contrast,
Loenneke et al. (2011) reported higher ratings of
discomfort with blood-flow restriction to failure
compared to the non-blood-flow restriction condi-
tion to failure. It is acknowledged that the difference
in that study was quite small and the meaningfulness
of that observed difference is unknown. When it
comes to more traditional resistance training,
Hollander et al. (2003) reported similar ratings of
discomfort between blood-flow restricted exercise to
failure and high-load resistance exercise to failure.
Thus, the majority of the studies suggest that ratings
of discomfort are similar between exercise to failure
with and without blood-flow restriction. The ratings
may however be increased when compared to a high-
load condition not going to failure as in this study, or
when compared to a repetition matched non-blood-
flow restricted control (Loenneke et al., 2013a).
Secondary analyses found significant direct correla-
tions (rho ≥0.609) between ratings of discomfort of
the fourth set and post exercise lactate levels only in
Experiment 3 (data not shown). No correlations
existed for Experiment 1 or Experiment 2. These
analyses may suggest that ratings in Experiment 1
and Experiment 2 may be largely driven by psycho-
logical factors, whereas physiologic factors may be
playing more of a role with exercise involving higher
volume (i.e. 20% to failure) or higher pressure (i.e.
estimated 60% blood-flow restriction).

In view of the results presented herein, the set of
experiments does possess some limitations. First, the
amount of blood-flow restriction was estimated for
each participant from previous data collected during
supine rest but was not directly measured. This was
not done due to the complexities involved with mea-
suring changes in blood flow during exercise of the
lower body. Regardless, each participant did receive
graded amounts of blood-flow restriction which
allowed for the central question of “does applied
pressure affect the perceptual response?” to be
answered. Second, a comparison across experiments
was completed qualitatively. This was due to each

experiment being powered to find differences only
within each respective experiment. Although it
would have been interesting to statistically compare
across experiments, qualitative analyses is still useful
and is largely how different studies are compared in
the literature.

Conclusions

The hypothesis that low-load training to failure is a
“milder form of low-load blood-flow restrictive exer-
cise” does not appear to be supported from a per-
ceptual response standpoint. The current results
suggest that the perceptual responses are similar
despite differences in repetitions completed (i.e.
exercise volume). Thus, if high-load resistance exer-
cise or accumulated stress from a high number of
repetitive low-load contractions is contraindicated,
low-load resistance exercise with blood-flow restric-
tion may offer a physiologic benefit without aug-
menting the perceptual response observed with
low-load exercise to failure. Furthermore, some
investigations have based the pressure applied on
the individual’s perception during exercise
(Karabulut, Abe, Sato, & Bemben, 2010).
However, given that our findings did not find large
perceptual differences during exercise across a vari-
ety of pressures, indicates that perception may not
provide the best estimate of actual restriction in the
lower body. This, however, requires further study.
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