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ABSTRACT

International Journal of Exercise Science 13(2): 1807-1818, 2020. Changes in muscle thickness (MT),
isometric torque, and arterial occlusion pressure (AOP) were examined following four sets of twenty unilateral
elbow flexion exercise. Participants performed four sets of maximal voluntary contractions with no external load
throughout a full range of motion of a bicep curl with and without the application of blood flow restriction (BFR).
For torque there was an interaction (p = 0.012). The BFR condition had lower torque following exercise (56.07
17.78 Nm) compared to the control condition (58.67 + 19.06 Nm). For MT, there was a main effect for time (p <
0.001). MT increased from pre (3.52 £ .78cm) to post (3.68 £ 81cm) exercise and remained increased above baseline
15 min post-exercise. For AOP, there was an interaction (p = 0.027). The change in AOP was greater in the BFR
condition (16.6 + 13.42mmHg) compared to the control (11.1 + 11.84 mmHg). NO LOAD exercise with BFR let to
greater reductions in torque and an exaggerated cardiovascular response compared to exercise alone. There were
no differences in swelling. These results suggest that the application of BFR to NO LOAD exercise may result in
greater fatigue.
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INTRODUCTION

When training for skeletal muscle growth, it is recommended that loads corresponding to 1-12
repetition maximum (RM) be used in a periodized fashion with a training load that is at least
70% of one’s one-repetition maximum (1RM)(1). However, emerging data suggest that muscle
growth can be achieved across a wide range of exercise loads. For example, low load (e.g., 30%
1RM) training performed to volitional failure produces similar skeletal muscle growth as
traditional high load training (e.g., 70-80% 1RM) (20, 27). In addition, acute work has
demonstrated that high load and low load training result in similar muscle fiber activation,
based on muscle fiber glycogen depletion, when loads are lifted to task failure (23). A review by
Ozaki et al. speculates that skeletal muscle growth is achieved through a combination of external
load or metabolic induced motor unit recruitment or both (29). In situations of lower mechanical
stress, metabolites may accumulate within the muscle. Blood flow restriction (BFR) has emerged
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as a technique that may help to facilitate fatigue, particularly when combined with low load
resistance exercise (16).

Low load training in combination with BFR has been shown to result in similar adaptations for
muscle size and strength compared to traditional high load training (18, 36). Blood Flow
Restriction is a training method that partially restricts arterial inflow while largely restricting
venous outflow in working musculature during exercise (33). Farup et al. demonstrated that the
addition of BFR to low load training resulted in fewer repetitions per set compared to
unrestricted low load training, while resulting in similar changes in muscle volume, presumably
due to a faster rate of metabolic fatigue (8). Interestingly, there does not appear to be a point
where BFR is ever necessary to induce skeletal muscle adaptation if repetitions are performed
to volitional failure and the external load is sufficient for adaptation. For example, a recent study
demonstrated that low-load (15% 1RM) resistance exercise in the lower body with and without
BFR resulted in similar increases in muscle thickness compared to high-load training (70% 1RM)
(10). However, Buckner et al. demonstrated that eight-week of biceps curl training at 15% 1RM
without BFR was not sufficient to induce similar skeletal muscle growth as traditional high load
resistance training. Further, the addition of BFR did not make up for this lack of external
stimulus (3). Together these findings suggest that BFR is not necessary if exercise is performed
to volitional failure at a sufficient external load, and that BFR cannot make up for an insufficient
external load. Indeed, most applications of BFR are in combination with low external loads;
however, a study by Laurentino et al. compared high load (60-80% 1RM) resistance exercise with
and without BFR (13). The authors observed no difference in muscle growth between groups,
suggesting that when performing resistance exercise to muscle fatigue with high loads, BFR
cannot produce greater hypertrophy. It is reasonable to hypothesize that muscle fatigue is
crucial for muscle hypertrophy, and BFR could be a viable tool to lower training volume by
increasing metabolic fatigue (10). However, there is no current scenario where BFR is
recommended in combination with high force contractions (30).

Rennie et al. hypothesized that high levels of localized muscle activation produced from
repeated contractions could provide sufficient stimulation of skeletal muscle hypertrophic
pathways (31). In other words, increasing internal focus during resistance training could
potentially lead to muscle hypertrophy. Internal focus, also known as “muscle-mind
connection” under the bodybuilding community, has been popular in the recent decade, but
limited research has proven this theory. A recent study by Schoenfeld et al. showed that an
internal focus of attention was superior to an external focus of attention when the goal was to
maximize hypertrophy of the elbow flexors (32). In order to distinguish two different conditions,
participants were cued to “squeeze the muscle” for internal focus and cued to “lift weight up”
for external focus. A similar concept was examined by Counts et al., which compared maximal
effort elbow flexion exercise with no external load (internal focus coined “NO LOAD”) to
traditional high-load (70% 1RM) resistance training in the elbow flexor exercise (6). The authors
observed no difference between conditions for changes in muscle thickness. However, the
authors noted that NO LOAD training had greater variability in changes in maximal voluntary
strength and muscle growth over the 6-week training period. Therefore, it is reasonable to
suggest that BFR may provide a means to reduce the variability to NO LOAD training by
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increasing metabolic fatigue and promoting motor unit recruitment. The purpose of this study
was to examine acute changes in muscle thickness, isometric strength, and arterial occlusion
pressure following NO LOAD exercise with and without the application of BFR. In addition,
ratings of perceived exertion and discomfort were compared across sets.

METHODS

Participants

Forty-one participants, between the ages of 18-35 years, were recruited to participate in this
study. Participants had regularly engaged in resistance exercise in the upper body for at least
six months. Participants were excluded from the study if they used tobacco products
periodically within the previous six months, or if they had an injury that would prevent upper
body exercise. Because of the theoretical risk of blood clots, if participants met more than one
risk factor associated with deep vein thrombolysis or venous thromboembolism, they were also
excluded. The risk factors list consists of body mass index of > 30, Crohn’s disease, past fracture
of the hip, pelvis, or femur, major surgery within the last six months, varicose veins, family
history of deep vein thrombosis, family history of pulmonary embolism, birth control pills (24).
Two participants dropped out of the study before beginning training due to personal reasons.
Therefore, the data were analyzed and reported for thirty-nine participants (19 men, 20 women).
With and alpha of 0.05, beta of 0.8, and anticipated correlation of 0.9 across repeated measures,
our sample size was sufficient to detect an effect size (f) of 0.44. This study was approved by The
University of South Florida’s Institutional Review Board. All participants gave written informed
consent. This research was carried out fully in accordance to the ethical standards of the
International Journal of Exercise Science (26).

Protocol

Participants visited the laboratory on two occasions. During the initial visit, height and weight
were measured and participants were familiarized with isometric testing and NO LOAD bicep
curls. The second visit took place 1-7 days following visit one and consisted of the experimental
protocol. One arm was randomized into the control condition and the other into the BFR
condition. Participants were seated in a quiet room for ten minutes of rest before the resting
arterial occlusion measurement. Upon completion of arterial occlusion pressure, the participant
completed four sets of unilateral biceps curls with NO LOAD or with NO LOAD and the
application of BFR (in randomized order). Following each exercise set, the researcher asked the
participant to provide ratings of perceived exertion and discomfort ratings. Prior to,
immediately after, and 15-minutes after the completion of the exercise protocol, muscle
thickness was measured using B-mode ultrasound, and isometric strength was measured. In
addition to ultrasound and strength, arterial occlusion pressure was measured immediately
following exercise. Following the final muscle thickness assessment, the participant rested for
15 minutes before performing the same procedures on the other arm (with its respective
conditions: control or BFR).

Muscle thickness was measured using B-mode ultrasound (Mindray DP50, Shenzhen, China)
pre, immediately following, and 15 minutes post-exercise for BFR and non-BFR conditions.
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Ultrasound measurements of muscle size were tested on the anterior of the participant’s upper
arm. The probe was coated with gel and held lightly against the participant’s skin.
Measurements were taken at 70% of the distance of the upper arm between the acromion process
of the scapula and to the lateral epicondyle to the humerus. This site was chosen as Counts et al.
has demonstrated acute swelling at a similar site in response to a NO LOAD training protocol

3).

For upper body isometric strength testing, individuals were seated in a preacher curl bench with
their elbow flexed at 90°and asked to flex their arm as hard as possible against an immovable
object. Isometric strength was measured with a load cell (Ametek Chatillon 50 LBF Digital Force
Gauge). Each contraction lasted approximately three seconds, with 60 s rest between each
maximal voluntary contractions (MVC). Isometric torque was tested pre, immediately
following, and 15 minutes post-exercise for both conditions.

The Borg scale of the rating of perceived exertion (RPE) was used to measure the participants’
perceived effort following each set of unilateral exercise. Immediately following each set of
exercise, during the 30-s rest, the participant was asked to rate their perceived exertion on a scale
of 6 (none at all) to 20 (maximal effort). In addition, 20-s after each set, the participant was asked
to rate their discomfort using the Borg discomfort scale (CR10+) in the exercised arm. In short,
the discomfort was rated on a scale of 0 (no discomfort at all) to 10 (maximal discomfort);
however, the participant was allowed to exceed ten if discomfort was greater than any he/she
had previously experienced. This measurement was taken 20-s into each rest period.

While the participant was standing upright, the researcher applied a pressurized cuff (5 cm) to
the uppermost portion of the arm and measured the pressure at which blood flow to the
participant's wrist was no longer present. A bidirectional Doppler probe (Hokanson, Bellevue,
WA, USA) was held in place at the radial artery of the right wrist to detect a pulse. Once the
Doppler probe can clearly detect a pulse, the cuff was inflated to 50 mmHg. The inflation
pressure then was slowly increased until there was no detectable pulse. This measurement was
completed on both arms. This was done to ensure that the restriction stimulus was made relative
to each individual (14).

NO LOAD training consisted of contracting the musculature of the upper arms as hard as
possible through a range of motion replicating that of a unilateral bicep curl exercise without
the use of an external load. The participant completed four sets of 20 repetitions with the 30s of
rest between sets. The participant was verbally encouraged to maximally contract their bicep
throughout the protocol. For example, the participant was encouraged to “squeeze” their muscle
as hard as possible during the exercise protocol. The participant had to wear a 5cm BFR cuff at
the top of the arm for both conditions. One arm had 40% of resting arterial occlusion pressure,
and the other had 0 mmHg pressure. The cuff was inflated for the duration of the protocol
including rest periods.
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Statistical Analysis

All data analysis was completed on the SPSS 23.0 statistical software package (SPSS Inc. Chicago,
IL). A 2 (condition) x 3 (time) repeated measures ANOVA was used to determine differences in
muscle swelling, and isometric torque. A 2 (condition) x 2 (time) repeated measures ANOVA
was used to determine differences in arterial occlusion pressure. If there was an interaction,
paired-samples t-tests were used to find differences across time points within each condition,
and between conditions within each time point. If no interaction was found, the main effects
were examined. A non-parametric Wilcoxon test was used to determine differences in RPE and
discomfort between conditions within each set. All perceptual data are presented as 25th, 50th,
and 75t percentiles. Significance was set at p < 0.05 for all tests.

RESULTS

A total of 39 resistance-trained males (n = 19) and females (n = 20) [mean * SD; age: 24 + 2.8
years; height: 170.9 £ 8.7 cm; body mass: 72 + 10.6 kg; BMI: 24.6 + 2.8 kg/m?] completed the
study.

For muscle thickness, there was no interaction (p = 0.343), and there was no main effect for
condition (p = 0.417) (Figure 1). However, there was a main effect for time (p < 0.001). Muscle
thickness increased from pre to post-exercise [mean difference 0.158 (0.130- 0.187) cm, p < 0.001]
and remained increased above baseline at 15 min post ][mean difference 0.075 (0.056- 0.096) cm,
p <0.001].

The BFR condition had lower isometric torque immediately following exercise (56.07 + 17.78
Nm) compared to the control group (58.67 = 19.06 Nm). In addition, both the BFR and control
conditions demonstrated a decrease in torque immediately following exercise [mean change =
45 + 45 and 1.82 + 45 Nm for BFR and control conditions respectively], which remained
decreased below baseline 15 minutes post-exercise (mean change 2.39 £ 5.5 and 2.28 + 3.19 Nm
for BFR and control conditions respectively).

For arterial occlusion pressure, there was a group x time interaction (p = 0.027) (Figure 2). The
change in AOP was greater in the BFR group (16.6 + 13.42) compared to the control group 11.1
+11.84)
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Figure 1. Muscle thickness values for muscle thickness for both conditions across time. An asterisk* indicates
significantly different than pre- values.

Rating of perceived exertion and discomfort data are displayed in Tables 1 and 2 respectively.
For RPE, perceived exertion was higher in the BFR condition compared to the control condition
for sets 1 (p = 0.048), set 3 (p = 0.005) and set 4 (p = 0.034). For discomfort, values were higher in
the BFR condition for set 1 (p = 0.006), set 2 (p = 0.001), set 3 (p < 0.001) and set 4 (p = 0.001).

Table 1. Ratings of perceived exertion across sets.

BFR 25th 50th 75th No BFR 25th 50th 75th
Pre RPE 6 6 7 6 6 7
Set 1 RPE 7 11* 14 8 9 13
Set 2 RPE 9 12% 15 8 12 14
Set 3 RPE 11 13%* 16 9 13 15
Set 4 RPE 13 14* 17 9 14 16

Values are displayed for 25th, 50th, and 75th percentile. *Significant differences between conditions. Differences
are noted on the 50th percentile; BFR, blood flow restriction; RPE, rating of perceived exertion.
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Figure 2. Arterial occlusion values for both conditions pre and post exercise. An asterisk* indicates an interaction
between conditions.

Table 2. Discomfort across sets.

BFR 25th 50th 75th No BFR 25th 50th 75th
Discomfort Pre 0 0 0.5 0 0 0.5
Discomfort Set 1 0.5 1* 3 0 0.5 2
Discomfort Set 2 1 2 4 0.5 1 3
Discomfort Set 3 1 3* 5 0.5 2 3
Discomfort Set 4 1 3* 6 0.5 3 4

Values are displayed for 25th, 50th, and 75th percentile. *Significant differences between conditions. Differences
are noted on the 50th percentile; BFR, blood flow restriction.

DISCUSSION

The primary findings of the present study were as follows: 1) both conditions increased muscle
thickness following exercise. This response was the greatest immediately following exercise and
remained elevated above baseline at 15 min post-exercise, 2) Torque decreased in both groups
from pre to post-exercise; however, the BFR condition observed a greater decrease following
exercise, 3) Arterial occlusion pressure increased in both groups from pre to post-exercise, with
a larger increase observed in the BFR condition, 4) The BFR condition resulted in higher levels
of RPE and discomfort compared to the non-BFR condition.

Similar acute muscle swelling has been noted in response to resistance exercise in the upper
body (2, 6, 38), as well as across a variety of protocols in the lower body (15). Notably, this acute
response is highly repeatable and, in line with the hypotheses of Haussinger et al., is believed to
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be an indicator of anabolic potential (9). To provide some support, Yasuda et al. observed that
concentric exercise in combination with BFR resulted in both a greater acute muscle swelling
response and a greater increase in muscle size over 6 weeks compared to a group performing
the eccentric exercise in combination with BFR (38). The authors suggest that the greater growth
response may be explained by the greater degree of acute swelling seen with the exercise
protocol. Although it is not known if the response itself is anabolic, it may provide important
information on the robustness of an acute exercise bout. Our data demonstrate that both
conditions increased muscle thickness significantly, with no difference between
conditions. Although acute changes in muscle thickness have often been observed to
understand an exercise stimulus better, recent data brings into question the relevance of acute
swelling. For example, a recent study by Jessee et al. showed that low-load (15% 1RM) exercise
in combination with BFR observed greater acute muscle swelling compared to high-load (70%
1RM) without BFR in the lower body (11). However, chronic training data (8-weeks) showed
that similar muscle growth for all conditions (10). Similar to this, a study in the upper body
demonstrated that BFR with low load-exercise (15% 1RM) resulted in greater acute muscle
swelling compared to traditional high-load resistance training (4). Interestingly, the same
conditions across 8-weeks of resistance training demonstrated that there was a greater
hypertrophic effect in the high-load condition compared to the low-load BFR condition (3).
Thus, acute swelling does not appear predictive of skeletal muscle growth. However, it does
appear to accompany most exercise protocols that produce a growth response.

In line with previous investigations, the addition of BFR lead to greater decrements in isometric
torque compared to training on its own without BFR (7, 11). This may suggest that the addition
of BFR may help individuals to recruit motor units, achieving a higher level of fatigue across the
same four sets of 20 repetitions. Moritani et al. examined motor unit recruitment and lactate
concentrations during intermittent isometric contractions of handgrip muscles with or without
blood flow (22). The authors observed an increase in motor unit recruitment and firing rate while
under arterial occlusion, suggesting that the metabolic state may have played an important role
in this increased recruitment (22). Other studies have observed similar increases in muscle
activation with the application of BFR, attributing such increases to reduced oxygen and
metabolic accumulation within the working muscle (21, 35, 37).

Interestingly, Counts et al. compared EMG amplitude between NO LOAD and traditional high
load resistance exercise, finding that high load training produced greater EMG amplitudes
during the last three repetitions of exercise (87% MVC) compared to NO LOAD training (52%
MVC) (6). Despite this, the authors observed similar decreases in isometric torque from pre to
post-exercise. Although it is reasonable to assume that NO LOAD training may produce
maximal activation, the ability to maximally activate relies on the individual’s capacity to
maximally contract the muscle without the aid of an external load. Counts et al. observed similar
changes in muscle size between NO LOAD training and traditional high load training following
8-weeks of exercise (6). However, the authors noted greater variability in response to NO LOAD
training when comparing exercise programs. It seems reasonable to suggest that the variability
was driven by different ability for individuals to maximally contract the muscle throughout a
full range of motion. The application of BFR may help to rectify this issue. The results of the
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present study may suggest that the incorporation of BFR has facilitated a higher level of
metabolic induced fatigue.

The present study showed a significantly greater increase in arterial occlusion pressure
following four sets of unilateral NO LOAD biceps curls with BFR compared NO LAOD without
BFR. This result could potentially be explained by exercise pressor reflex (34). However, in the
present study, arterial occlusion pressure was examined immediately after and not during the
exercise sets. Blood pressures during high load resistance training have been reported to reach
above 200 mmHg during single-arm biceps curls with 95% 1RM (17). In the present study, the
application of BFR only resulted in a small increase in arterial occlusion pressure immediately
post-exercise above that of NO LOAD training without BFR (~5 mmHg). Overall, the pressure
response observed in the present study is similar to what has been reported previously
following both high load and low load BFR protocols. Mouser et al. noted a similar increase in
arterial occlusion pressure (~10 mmHg) following four sets of high load training, low load
training, or low load training with the application of BFR (25). Further work is necessary to
understand the blood pressure response during NO LOAD training with and without the
application of BFR.

The present study showed that the BFR condition had higher RPE and discomfort scores
following each set of unilateral bicep curls compared to the non-BFR condition. Previous studies
have demonstrated that BFR with high pressure (80% AOP) leads to greater discomfort and
higher RPE than moderate pressure (40% AOP) during the last set of an exercise (12). Thus, the
addition of restrictive pressure tends to increase the level of discomfort associated with training.
Interestingly, Mattocks et al. showed that both RPE and discomfort decrease significantly across
training when utilizing BFR (19). Therefore, chronic exposure to the blood flow restrictive
stimulus may attenuate the higher perceptual values noted in a single exposure.

The present study is not without limitations. Firstly, our results represent acute changes and
provide limited information on the chronic adaptations; thus, future research is necessary to
understand long term adaptations. Secondly, since no external load exercise is a unique
stimulus, surface EMG amplitude could be used to monitor internal focus muscle activation,
even though we know that surface EMG cannot be used to determine actual motor unit
recruitment. Another limitation in the present study is the lack of a non-exercise control, which
would have helped to understand variability in our measurements over time. In addition, the
within-subject design lends to the possibility that systemic fatigue may have influenced
responses observed in the arm that trained second. However, the randomized nature of the
design helps to limit any influence this may have on the present findings. Finally, changes of
arterial occlusion pressure during exercise should be monitored in the future study to provide
a comprehensive understanding of exercise pressor reflex effect. Despite these limitations, our
tindings provide an important addition to the BER literature, using a within the subject model
to further develop our understanding of the efficacy of BFR when no external load is utilized.
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Conclusions: To our knowledge, this is the first study to examine the acute responses to NO
LOAD exercise with the application of BFR. Previous studies have demonstrated that low loads
may have implications for clinical, injured populations who have limited ability to perform
traditional resistance exercise (5, 28). Our findings demonstrate that no external load exercise
with BFR could increase more muscle fatigue compared to NO LOAD exercise alone. In
addition, the application of BFR resulted in a slightly higher cardiovascular response. Although
the long-term implications of these responses are presently unknown, our results would suggest
that if no external load exercises are implemented, BFR may help be a helpful tool for facilitating
fatigue.
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