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Abstract

The objective was to verify the effect of low-load resistance training with blood flow restriction (LL + BFR) on the rating of
perceived exertion (RPE). In addition, strength and muscular endurance were evaluated. 26 male subjects were divided into
two groups: (a) low-load resistance training with blood flow restriction at 30% 1RM (one repetition maximum), and (b) high-
load (HL) resistance training without blood flow restriction at 80% 1RM. The training lasted 8 weeks (three times a week)
and consisted of elbow flexion and knee extensor exercises. RPE was assessed using the OMNI scale in sessions before and
after training. The maximum dynamic force was evaluated using the 1RM test, and muscular endurance was assessed by the
test of the number of repetitions at 60% 1RM. The RPE was higher in the pre-training session for elbow flexion exercise in
the HL group as compared to the LL. +BFR group (HL: 7.84 +1.25 LL: 6.34+1.27; p <0.05), besides being higher in the
HL group in elbow flexion (HL: 8.61 +0.83 LL: 6.00 + 1.53; p <0.05) and knee extensor (HL: 8.38 +0.83 LL: 6.00 + 1.89;
p <0.05) exercises in the post-training session when comparing the groups. Also in LL.+ BFR there was significant dif-
ference between moments in knee extensor (baseline: 8.30+ 1.08 post: 6.00 + 1.89; p <0.05). There were strength gains
in both groups, whereas they were greater for the HL group in the knee extensor exercise (p <0.05). There were, in both
groups, significant increase in muscular endurance (p <0.05). Lastly, there was a negative correlation in strength with RPE
in LL +BFR. In conclusion, the RPE reduced in LL + BFR resistance training compared to HL after 8 weeks of training. In
addition, both methods were effective for increasing muscular strength and endurance.
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Introduction

Low-load resistance training with blood flow restriction
(LL +BFR) has been shown to be an alternative method for
strength and hypertrophy gains when compared to conven-
tional resistance training (70-80% 1RM) [1, 2]. LL+BFR
uses low loads (20-50% of 1RM) and a tourniquet cuff
attached to the limb for blood flow restriction [3]. This
method could, therefore, be an alternative for people who
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cannot perform high-load resistance training (HL) due to the
mechanical stress that is generated on the joints. In addition
to strength and hypertrophy gains, resistance training also
improves muscle endurance [4, 5]. However, when consider-
ing LL +BFR we did not verify studies in the literature that
have evaluated the effects there of in muscular resistance.
Although evidence in the literature has demonstrated
increased strength and hypertrophy, blood flow restriction
resulting from pressure placed on a cuff leads to discom-
fort during exercise. It is known that exercises which cause
discomfort become unpleasant and reduce the likelihood
of the subject remaining in a training program [6]. That is
why the evaluation of the rating perceived exertion (RPE)
in LL + BFR exercises has been carried out [7, 8]. Although
there are studies that propose this evaluation, few compare
HL and LL + BFR exercise [9, 10] so that most of the stud-
ies compare low-load exercise without occlusion (LL) and
LL+BFR exercise [11, 12]. In addition, we have not found
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studies in the literature that verify the effects of a LL + BFR
training program on RPE. Only one study assessed RPE dur-
ing a LL +BFR training protocol, however, it compared with
LL [13]. The results demonstrated that RPE was higher in
the exercises, where occlusion was used for 8 weeks. The
longest study comparing LL +BFR and HL exercises was
done by Martin-Hern4ndez et al. [14], who had six training
sessions. Even so, it was a very short intervention time to
indicate whether the RPE in LL + BFR is greater than or less
than that of HL.

An important issue which has not yet been demonstrated
in the literature is the magnitude of strength and hypertrophy
gains in LL + BFR and HL protocols when their training
volumes (TV) are equalized. Much has been debated about
whether the strength and hypertrophy gains between these
two methods would be similar. In this regard, the evidence
in the literature does not lead to a conclusion, because there
are studies verifying similar results between LL + BFR and
HL [1] and others more improvements for HL group [15,
16]. This is possible mainly because the TV between the
groups is quite different. Thus, it is important to evaluate the
strength and hypertrophy gains between the LL +BFR and
HL protocols with equalized TV.

Therefore, the objective of this study was to verify the
effect of a low-load resistance training program with blood
flow restriction and with training volumes that are equalized
in the rating of perceived exertion of healthy young adult
subjects. In addition, it is to evaluate the responses to the
parameters of strength and muscular endurance by virtue
of training.

Methods
Participants

The subjects were males with 18- to 30-year-old
(23.00+2.67 years) and were randomly allocated in two
experimental groups: (a) exercise at 80% 1RM without blood
flow restriction and (b) exercise at 30% 1RM with blood
flow restriction. In each experimental group one volunteer
gave up the training due to personal problems. Thus, the
LL+BFR and HL group ending with 13 volunteers.

Both groups performed the elbow flexion and knee exten-
sor exercises (in this order), three times a week for 8 weeks
of training with the volume equalized. The groups were
assessed after and before training for all variables studied.
The volunteers were evaluated as being healthy using a med-
ical record questionnaire (PAR-Q). They were physically
active as evaluated by means of a physical activity question-
naire (IPAQ) in a short version [17] and this tool is valid and
reliable [17]. The participants were considered physically
active if performed at least 150 min of physical activity per
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week. They were non-smokers and they had not practiced
resistance training for at least 3 months. We excluded sub-
jects who used ergogenic (like anabolic steroids, protein and
vitamin supplementation) and diuretic resources, which had
been diagnosed with any type of metabolic disease, subjects
with cardiovascular or circulatory diseases or other disorders
that made exercise impossible. For the sample calculation
the Winpepi version 4.0 program was used. The calculation
of the sample size was based on the study done by Goldfarb
et al. [18]. The confidence level was 95%, the coefficient of
variation was 7.98, and the standard margin of error was
5%. Then, each experimental group had 14 volunteers. The
procedures were performed in accordance with the Helsinki
Declaration (1964) for experiments with humans. The study
was approved by the Research Ethics Declaration of Com-
mittee of the Methodist University Center, IPA, under the
number of stated opinion 364.202. All volunteers read and
signed the Informed Consent (Table 1).

Testing procedures

During the first visit to the laboratory the subjects answered
the IPAQ and the PAR-Q, and they were submitted to the
anthropometric evaluation and familiarization with the exer-
cises. In the following visits the one repetition maximum
(IRM) test and the muscular endurance test at 60% 1RM
were performed. Before starting the 8 weeks of training the
volunteers participated in an exercise session, so it was done
after the training period. In the exercise session before train-
ing a food records was made for compare macronutrients and
micronutrients values (vitamins A, C and E). The volunteers
were oriented to repeat the food records in the exercise ses-
sion post-training. Moreover, in the sessions the RPE was
evaluated with the OMNI scale [19]. Before the pre-training
session, the subjects became familiar with OMNI scale. The
RPE was evaluated at the end of the four sets for elbow flex-
ion and knee extensor exercises in the pre- and post-training
sessions. After the training period the subjects were submit-
ted to the same evaluations (Fig. 1).

Table 1 Subject characteristics (n=26)

LL+BFR HL
Age (years) 23.53+2.77 24.46+2.56
Height (m) 1.73+0.07 1.75+0.05
Body mass (kg) 76.98 +13.61 79.37+11.31
Adipose tissue (%) 28.63+5.81 30.02+4.96
Muscle mass (%) 44.12+4.36 43.38+3.97

Mean+SD
LL + BFR low load with blood flow restriction, HL high load
p>0.05
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Anthropometry was performed to characterize the sample
using a plicometer (Mitutoyo with precision of 0.1 mm—
Cescorf-Porto Alegre, Brazil), and a scale with a coupled
stadiometer (MarcaWelmy, with capacity for 200 kg with
precision of 0.1 kg and 0.005 m). To measure bone diam-
eters, a caliper, an anthropometer (Cescorf-Porto Alegre,
Brazil) and perimeters using a metric tape measure (Cescorf-
Porto Alegre, Brazil) were used. To calculate body com-
position, the five-component methodology was used [20].
Markings and assessment techniques followed the standards
of The International Society for the Advancement of Kinan-
thropometry (ISAK).

The one repetition maximum test was done for elbow flex-
ion and knee extensor exercises. As a warm-up the subjects
performed a series of ten repetitions with an estimated value
of 50% 1RM. After a 5-min break, consecutive attempts
were performed with progressive loads to reach 1RM using
a maximum of five attempts. To determine the IRM of each
volunteer after each attempt, the Lombardi table [21] was
used to correct the loads to be used in the subsequent series.
In addition, the volunteers performed the movement with a
2-s thythm for both concentric and eccentric phases. To that
end, a metronome was used to control the rhythm of move-
ment. The maximum load was found when the subject could
perform only one repetition (concentric—eccentric phase of
the movement) perfectly.

In the Muscular Endurance Test the volunteers performed
as many repetitions as they could with 60% of the 1RM
value. The repetitions were performed in a 2-s rhythm for
each phase with the help of a metronome. The maximum
number of repetitions was achieved when the volunteer was
unable to perform flexion/extension and/or a controlled
rhythm. At the time of the post-training test the 60% load

was determined according to the value previously found in
the post-training 1RM test [22].

For determine the blood flow restriction, the subjects
went to the Laboratory of Exercise Physiology of the IPA
Methodist University Center, and when they arrived they
were put in a supine position for 20 min so as to measure
their blood pressure while resting. The blood flow restric-
tion method was based on the study of Goldfarb et al. [18],
in that for upper limbs the cuff was inflated to 20 mmHg
below the systolic blood pressure, and on the lower limbs it
was inflated to 20 mmHg above the systolic blood pressure.
In both the upper and lower limbs the cuff was placed on
the proximal region of the limb. The pressure cuff used for
partial occlusion of limbs during exercise was 17 cm wide
and 70 cm long for lower limbs, whereas for upper limbs it
was 15 cm wide and 50 cm long.

To ensure that the methodology for blood flow restriction
was reliable, an oximeter was used (Nellcor NPB 195, Mall-
inckrodt Inc., St. Louis, USA) after each series to ensure
that there was no complete interruption of blood flow [18].
If the oximeter did not detect the pulse in the finger, the cuff
pressure was reduced by 5-10 mmHg until the pulse was
detected.

Subjects assigned to the HL group without blood flow
restriction (80% 1RM) performed four sets of eight repeti-
tions for both exercises. The LL+BFR (30% 1RM) also
performed four sets. The exercises performed were elbow
flexion and knee extensors, in this order. The resistance
training was performed during 8 weeks with three sessions
per week and the interval between sessions of at least 48 h.
For the intensity to be the only variable between the groups,
the equalization of the TV for the two exercises was per-
formed according previous study of our group [23]. Briefly,
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the number of repetitions of the LL + BFR group was stipu-
lated according to the TV of the HL group. To do so, we
first calculated the TV of the HL group by multiplying the
overall mean of the 1RM by four (the number of sets) and
by eight (the number of repetitions). Then, the average of
30% 1RM for the LL + BFR group for both exercises was
calculated. Finally, to find the number of repetitions for
the exercises in the LL +BFR group, the volume of the HL
group was divided by the multiplication of the load average
of 30% 1RM per 4 (the number of sets). From this point, the
LL +BFR group performed 22 repetitions. In both groups
the interval between the sets was 2 min and between the
exercises there was a 3-min break. In the LL + BFR group
the cuff remained inflated during the intervals between the
series. The intensity and the number of repetitions described
were used in the pre and post-training sessions and during
the 8 weeks of training. The only change that occurred was
an increase in load in the middle of the training (the fourth
week) from a new 1RM test.

Statistical analysis

To evaluate the distribution of variables and verification of
normality, the Shapiro Wilk test was used, assuming a nor-
mal homogeneous distribution. The Two-way ANOVA was
used for comparison between groups and moments. Correla-
tion analysis was performed using the Pearson Correlation
Test. Values were considered to be statistically significant
with p <0.05. The data were analyzed in the GraphPad
PRISM Software 6.0 statistical program.

Results

There was no significant difference in height, body mass,
and the percentages of fat mass and lean mass (p > 0.05)
when comparing groups and moments. Table 1 shows the
baseline values for sample characterization purposes.

The values for the 1RM pre- and post-training are shown
in Table 2. For both groups there was a significant differ-
ence for the IRM values when compared the moments

(»<0.0001). In the comparison between the groups there
was no significant difference for the 1RM values in the pre-
training evaluation (p > 0.05). However, after 8 weeks of
training there was a significant difference for the IRM val-
ues in the knee extensor (p < 0.05), being higher for the HL
group (Table 2).

Upon comparing the number of repetitions with 60%
1RM in both groups between sessions, there is a significant
difference for both the elbow flexion exercise and the knee
extensor exercise (p <0.0001). In the comparison between
groups there was no significant difference (p > 0.05). The
data are shown in Table 3.

To compare the RPE between pre and post-training
sessions in the LL + BFR group, there was no signifi-
cant difference in the elbow flexion exercise (p > 0.05).
The values for the pre- and post-training sessions were:
6.34+1.27 and 6.00 + 1.53, respectively. Regarding the
knee extensor exercise, there was a significant difference
(p <0.01). The values for the pre- and post-training ses-
sions were: 8.30+ 1.08 and 6.00 + 1.89, respectively. In
the HL. group there was no significant difference for RPE
in the elbow flexion (p > 0.05). The values in this exercise
in the pre- and post-training sessions were: 7.84 + 1.25
and 8.61 +0.83, respectively. In the same way, there was
no significant difference for knee extensor exercises

Table 3 Endurance test with 60% 1RM (no. of repetitions)

Exercise LL+BFR HL
Baseline Post Baseline Post

Elbow 11.46+3.77 18.92+5.94" 12.08+3.17 18.08+4.19*
flexion

Knee 10.85+223 21.62+3.827 10.62+1.66 18.77+3.79
exten-
sor

Mean +SD

LL+ BFR low load with blood flow restriction, HL high load, /RM
one repetition maximum

TSignificant difference between baseline and post in LL+BFR,
p<0.0001

*Significant difference between baseline and post in HL, p <0.0001

Table 2 One repetition

) Exercise LL+BFR HL
maximum (kg)
Baseline Post Baseline Post
Elbow flexion 16.15+3.71 19.08 +3.75" 15.46+3.15 19.62 +3.57%
Knee extensor 73.46+18.63 96.15+15.85™ 80.62+15.33 117.46 +18.22%

Mean +SD

LL + BFR low load with blood flow restriction, HL high load
"Significant difference between baseline and post in LL +BFR, p <0.0001

*Significant difference between baseline and post in HL, p <0.0001

$Significant difference between groups in post, p <0.05
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Fig.3 Rate of perceived exertion (RPE) values of knee extensor
exercise in the study protocols. 'Significant difference between base-
line and post in LL+BFR, p<0. 01; *significant difference between
groups, p<0. O1. HL high-load protocol, LL+BFR low load with
blood flow restriction protocol

between sessions: 8.36 +0.93 and 8.38 +0.83, respec-
tively. When comparing the groups, in the pre-training
session, the RPE in the elbow flexion showed a signifi-
cant difference, being higher for HL (p <0.0001). In the
post-training session there was a significant difference in
the elbow flexion (p <0.0001) and knee extensor exer-
cises (p <0.01), being higher for the HL group. The data
are shown in Figs. 2 and 3. Lastly, a negative correla-
tion was verified between the RPE and the 1RM (load
in kg) in the LL +BFR (r=-0.6972, p <0.0001) in the
knee extensor exercise. The data are shown in Fig. 4a. To
demonstrate the individual values of RPE in both groups
in baseline and post in the knee extensor exercises, the
Fig. 4b, c are shown.

Discussion

This study verified the effects of two strength training
protocols (HL and LL + BFR) with equalized training
volumes in RPE, resistance and muscular endurance.
The main finding was that 8 weeks of LL + BFR makes it
possible for there to be less RPE of exercise than HL in
young adult subjects. The training period was also effec-
tive for increasing muscle resistance and endurance in the
LL +BFR and HL groups. In addition, a negative corre-
lation was verified between the RPE and the parameters
of muscular resistance in LL 4+ BFR in the knee extensor
exercise.

In the literature several studies have demonstrated
increased strength using LL + BFR [24-26]. Our study
demonstrated strength gains in a protocol of 8 weeks, cor-
roborating with Laurentino and colleagues [1] that dem-
onstrated similar strength and hypertrophy gains between
LL +BFR and HL groups in subjects who performed
knee extensor exercises. On the other hand, Yasuda et al.
[26], upon investigating the combined effect of LL. + BFR
and HL training for 6 weeks demonstrated the greatest
improvements in strength for the HL group in compar-
ing a combination of HL + LLBFR and LL + BFR. In the
combined group strength gains were similar to those of the
HL group. Because of the lower strength gains compared
to the other two groups, LL + BFR would not allow for
strength gains induced by neural adaptation in the first
weeks of the training [26]. Thus, it is possible that adap-
tations for strength improvements in LL + BFR could be
different.

This study equalized the training volume (TV) between
groups. Our results have demonstrated that in both groups
there was an increase in strength and greater gains for the
HL group in the knee extensor exercises. Few studies in
the literature have controlled the TV between the groups
[26, 27]. The study by Martin-Hernandez et al. [27] con-
trolled the TV to compare two LL + BFR training proto-
cols of different volumes regarding strength gains. Thus,
only the study by Yasuda et al. [26], who had similar TV
between the groups, can be compared with our results. In
this study strength and hypertrophy gains were greater for
the HL. group after 6 weeks of training.

Another important result was the significant increase
in the number of repetitions performed in the 60% 1RM
test in both groups. The muscle fiber recruitment theory
indicates that with increased muscle contraction intensity
there is a proportional increase in recruitment of type II
fibers [28]. According to Loenneke et al. [29] in LL + BFR
and HL there is recruitment of type II fibers. This would
happen because of the restriction of blood flow that would
result in less availability of oxygen to the muscle, which
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Fig.4 The effect of resistance
training in PRE. a Correlation
between rating of perceived
exertion (measured with OMNI
scale) and strength param-
eters (measured by IRM) in
the LL+BFR (p <0.0001). b
individual values of rating of
perceived exertion in the HL
group. ¢ Individual values of
rating of perceived exertion in
the LL +BFR group in baseline
and post. HL high-load protocol,
LL + BFR low load with blood
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would generate a deficit of strength. This deficit would
be offset by the recruitment of type II fibers. Therefore, a
similar increase in muscle endurance levels in both groups
would occur due to the lack of specificity of the two types
of training to improve this capacity.

In the present study the RPE was lower in LL + BFR
as compared to HL. In addition, taking into consideration
only the pre-training session the RPE was also greater for
the HL group in the exercise of elbow flexion. This agrees
with a study of Neto et al. [30] that verified lower RPE in
upper body exercises with LL +BFR in comparison with
HL. Importantly, in this study the exercise volume were
controlled similarly to the present study. In contrast to our
findings, most studies evaluating a LL + BFR session have
observed in subjects a greater RPE when compared to a ses-
sion without blood flow restriction. However, many of these
studies have only compared the RPE between LL + BFR and
LL exercises [11, 31], which would justify a greater RPE
for the LL + BFR session. In the studies that have evalu-
ated HL exercises with LL + BFR, the results seem to be
conflicting. There are studies that present a greater percep-
tion of effort for the HL sessions [26, 32], others do not
observe a difference between the sessions [33] and some
observed greater RPE for the LL + BFR sessions [7, 8, 10].
Since studies have different degrees of intensity, numbers
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of sets and repetitions, in addition to different pressures for
restricting blood flow, it is difficult to reach a consensus as
to whether the RPE in LL 4+ BFR is greater than that in HL.
To our knowledge this is one of the first studies to evalu-
ate the effect of LL +BFR on RPE. Our results show that
LL+BFR, when compared to HL (with equalized training
volumes between protocols), maintains and/or reduces RPE
at the end of the training. Upon assessing six LL + BFR
and HL exercise sessions, Martin-Hernandez et al. [14]
showed a lower degree of RPE in both groups in the last
exercise sessions (5th and 6th sessions) with no difference
between groups. In our study the RPE in the subjects of
the HL group was not reduced, which could be explained
by the adjustment of loads in the fourth week of training.
Furthermore, it is possible that the adjustment of loads in
the LL 4+ BFR group did not affect the RPE, since they were
already adapted to the blood flow restriction that remained
the same throughout training.

The lower RPE in the LL +BFR group in the post-train-
ing session compared to the HL group may indicate that this
type of training would be effective in clinical practice for
people undergoing rehabilitation. Some studies have dem-
onstrated that LL + BFR may be suitable for strength and
hypertrophy improvements in these cases [34, 35]. Upon
evaluating women with osteoarthritis in the knee, Segal



Sport Sciences for Health (2019) 15:503-510

509

et al. [35] found that 4 weeks of LL +BFR was effective
for improving strength in the quadriceps without causing
a worsening sensation of pain. Likewise, Ferraz et al. [34]
also found gains in strength and hypertrophy after 12 weeks
of LL+ BFR in women with osteoarthritis which were not
different from the HL group. Furthermore, the perception
of pain was reduced after training in the LL + BFR group,
which did not occur in the HL group. Thus, use LL + BFR
could be effective for improving the patients’ clinical
condition.

An interesting finding in this study was the negative cor-
relation found among RPE and 1RM values in LL + BFR
in the knee extensor exercise. In this group a less RPE was
related with a higher maximum dynamic strength. In this
regard, we suggest that the lower work load (30% 1RM),
in LL + BFR, and the maintenance the same restriction of
blood flow enabled a rapid adaptation to effort. This fol-
lowed after fourth week of training even with a new 1RM
test. These data are shown in Fig. 4b, ¢ where the RPE val-
ues between baseline and post-training diminished in every
volunteer in LL + BFR, but not in every volunteer in HL
group. Then, this rapid adaptation to effort in the LL + BFR
appears to allow strength gains with less discomfort than
HL group.

Conclusion

The LL + BFR seems to result in lower RPE compared to
the HL, because of training. Considering that both meth-
ods allowed for an increase in strength and muscular endur-
ance after 8 weeks, this result could demonstrate that with
the passage of sessions the LL + BFR would become less
uncomfortable, which would be important for the subjects to
remain in a training program, thus making it an effective tool
in musculoskeletal rehabilitation programs. Future studies
can verify, in this method, the RPE with other exercises and
more weeks of training, especially in people with orthopedic
problems.
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