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Abstract: Exercising at submaximal intensity with a hand dynamometer causes mild hemodynamic
adaptations that can improve cardiovascular function. However, hemodynamic responses and
fatigue have not been adequately studied in an isometric exercise protocol combined with blood
flow restriction (BFR). Our study aimed to examine and compare acute hemodynamic responses and
muscle fatigue after an isometric exercise session using a handgrip dynamometer, with and without
BFR. Twelve volunteers performed the exercise protocol, with and without BFR, at random, with
the BFR pressure set at 140 mmHg. Arterial blood pressure (BP), heart rate (HR), oxygen saturation
(Sp0O2), and muscle fatigue were measured before, during, and 15 min after the completion of the
exercise session. Without BFR, we noticed a slight, albeit statistically insignificant, HR increase.
The variations found in systolic and diastolic pressure were small and statistically insignificant.
Furthermore, blood oxygen saturation (SpO2) did not change significantly. Significantly higher levels
of fatigue were found in exercise with BFR, compared to without BFR, at the end of each set of
isometric contractions. In conclusion, a handgrip exercise session with mild BFR does not alter the
acute hemodynamic responses to exercise in healthy volunteers. However, it results in higher muscle
fatigue compared to that experienced after exercise without BFR.
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1. Introduction

Exercise helps maintain good health in a healthy population while also serving as
the cornerstone of the rehabilitation of people with health problems or injuries [1]. A
type of exercise that has begun to gain ground in recent years is blood flow restriction
training (BFRT), which is exercise with partial restriction of arterial circulation and complete
blocking of the venous return of the limbs [2,3]. Restriction of blood circulation is achieved
through devices with custom cuffs that are applied to the limbs of the trainee [4,5].

Restriction of blood flow causes hypoxia in the contracted muscles, which accelerates
the induction of muscle spasm in conditions of submaximal-intensity exercise and causes
adjustments akin to high-intensity training [5]. Some fields of application for BFRT include
the coaching and rehabilitation of sports injuries incurred by amateur and professional
athletes [6], therapeutic exercise in the context of the rehabilitation of special population
groups, such as older adults [7,8], and patients with chronic diseases in which high-intensity
exercise may be a contraindication [9,10] . Research has shown that muscle hypertrophy is
achieved with resistance training at a load rate greater than 65% of one-repetition maximum
(IRM) [11,12]. Training under BFRT, the athlete can achieve muscular hypertrophy and
increase muscle strength at submaximal intensities, as it has been found that performing
low-intensity exercises with BFRT at 20-40% 1RM causes similar adjustments [4,13]. Similar
benefits of BFRT have been reported in aerobic exercise protocols [14-16], while several
studies have shown that blood flow restriction significantly contributes to muscle atrophy
prevention, even when applied without simultaneous exercise [17,18].
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The mechanism behind these adjustments is based on processes occurring due to
the hypoxic environment created in the muscles by reduced blood flow. Local hypoxia
decreases proteolysis and increases anabolic processes by increasing anaerobic metabolism
and lactic acid production [19]. In addition, an increase in type II fast-twitch muscle fibers,
a decrease in inhibitory enzymes such as myostatin, and an increase in anabolic hormones
and enzymes have been observed [20].

According to previous research data, isometric exercise heavily burdens the my-
ocardium and is aggravating for older adult patients or patients with coronary heart
disease [21] due to the Valsalva effect, which stimulates the parasympathetic system, lead-
ing to increased heart rate (HR) and blood pressure (BP) [22,23]. Recent research, however,
supports the view that isometric exercise is beneficial for the cardiovascular system [24,25]
and lowers arterial BP, especially in hypertensive individuals [26]. Furthermore, it seems
that BFRT and its role in vasodilatory regulation and influence on endothelial functions is
very important and is of particular research interest. Low intensity BFRT is more efficient
in the stimulation of angiogenesis compared to the same training performed without blood
flow restriction (BFR) [27]. Horiuchi et. al. (2012) [28] mention that the effect of reactive
hyperemic blood flow caused by BFR increased shear stress and led to vasodilation and
stimulation of endothelial-factor production, which could improve endothelial functions
and significantly enhance angiogenesis. A potential mechanism is the exercise-induced
elevations in key angiogenic stimuli, such as the vascular endothelial growth factor (VEGF),
which is elevated in low-load BFRT compared to low-load exercise without BFR [29,30].
The VEGE, in combination with other hypoxic stimuli, may stimulate the mobilization
and recruitment of endothelial progenitor cells (EPCs) from the bone marrow, which can
then stimulate vascular repair in areas of endothelial damage/dysfunction [31]. The main
stimuli for inducing skeletal muscle capillarization are hypoxia, sheer stress, and increases
in the concentrations of growth factors such as the VEGF [32].

Several researchers have pointed out the positive cardiovascular system effects of
isometric handgrip exercise at 30% or 50% of the maximum isometric contraction [33].
Specifically, it causes a modest hemodynamic effect [34], an increase in sympathetic mod-
ulation, and a decrease in parasympathetic modulation after exercise [33]. However, the
combination of this type of exercise with simultaneous BFR does not appear to have been
sufficiently studied. Isometric exercise with a hand dynamometer, in combination with
restricting blood flow, could increase the adjustments and benefits to the exercised muscles.
On the other hand, due to the hypoxic environment created by BFRT, the cardiovascular
system may be negatively affected regarding the hemodynamic responses of the body.
The effect of isometric contraction with simultaneous BFR has been studied in knee exten-
sors [35]. To date, however, there is not enough evidence regarding the effect of isometric
handgrip exercise with BFR [36]. Dizziness, numbness, pain, discomfort, increased muscle
spasm, and even fainting are side effects experienced by BFRT practitioners [4]. For this
reason, we chose to conduct this pilot study in apparently healthy adults to assess any
adverse effects on the cardiovascular system.

The aim of this study was to investigate and compare the acute hemodynamic re-
sponses and muscle fatigue after an isometric exercise session, with and without BFR, in
apparently healthy volunteers.

2. Materials and Methods
2.1. Study Design

Our randomized crossover study was conducted under the supervision of the De-
partment of Physiotherapy of the International Hellenic University. Ethical approval was
granted by the Ethics Committee of the International Hellenic University (No. EC-02/2023).
Written informed consent was obtained from all subjects in our study.

For our research, four separate visits were held at three-day intervals. The purpose
of the first visit was to inform and recruit the participants, as well as to familiarize them
with the measurement procedures and the exercise protocol. All 12 volunteers who at-



Physiologia 2023, 3

261

tended were deemed eligible to participate and signed a consent form for their voluntary
participation in the research.

The second visit was a scheduled appointment of the participant with the members
of the research team and involved the collection of baseline measurements. Participants
initially completed an anonymous record sheet requesting their demographics (gender,
age) and demographic characteristics (BMI) (Table 1). Consequently, they remained seated
for 15 min to perform the measurements at rest. The same member of the research team
then performed the baseline measurements, taking the average resting values for HR, BP,
and blood oxygen saturation (SpO2).

Table 1. Demographic characteristics of the participants.

Demographic Characteristics Mean + SE

Age (years) 23.27 £ 0.54

BMI (value) 24.86 +£1.78
Gender (%) Women 50% n = 12
Comorbidities None

Medication None

Smokers n =2 (former)

Mean values and standard errors for quantitative variables and frequencies (%) for categorical variables.

In the next two visits, participants performed the handgrip isometric exercise protocols
(combined and not combined with BFR) at random. Simple randomization was selected to
start the procedures.

2.2. Participants

The sample was made up of 12 apparently healthy volunteers (n = 6 women) with
a mean age of 23.3 + 1.9 years. Inclusion criteria were participants to be apparently
healthy, have a body mass index (BMI) less than 30 (the World Health Organization reports
30 kg/m? as the BMI limit before the first stage of obesity [37]), and provide written consent
for their participation in the research. Exclusion criteria were taking medications that
affect hemodynamic responses, recent upper limb musculoskeletal injuries, a history of
cardiovascular disease, and resting systolic and diastolic BP values < 120 mmHg and
< 80 mmHg, respectively (upper limits according to the American Heart Association [38]).
Participants were instructed not to smoke for at least four hours before the measurements,
not to consume coffee and alcohol for at least 24 h, and not to exercise vigorously during
the same period.

2.3. Measures
2.3.1. Blood Pressure with Digital Sphygmomanometer

A digital sphygmomanometer () Omron 705 IT monitor (Omron Healthcare Europe BV,
Hoofddorp, The Netherlands) was used to measure BP before (at rest), during (immediately
after each set: first, second, third, and fourth break), and 15 min after the exercise. All
measurements were made from the left upper limb (i.e., opposite the one to which BFR was
applied), with the forearm placed on the examination table. The sphygmomanometer cuff
was placed on the arm throughout the exercise program to save time. After the completion
of each set, the examiner pressed the START indicator, the cuff inflated, and the systolic
and diastolic pressure values were recorded. For the measurement of BP at each time
point, three consecutive measurements were performed, and the average of the three
measurements was recorded. This type of sphygmomanometer has a high validity and
reliability index (ICC = 0.92) [39] and is a commonly accepted tool for measuring BP [40].
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2.3.2. Heart Rate with Oscilloscope

A portable HR monitor (Polar® RS800CX, Polar Electro, Helsinki, Finland) was used to
measure HR. The measurement was performed before (at rest), during the sets (first, second,
third, and fourth), and 15 min after the exercise. The heart rate sensor was located around
the chest of the subject, while the wrist unit was located on the wrist of the right hand.
For the recording of HR during the intermediate measurements throughout the exercise
program (first, second, third, and fourth set), the highest recorded value of the wrist unit
from the beginning of each set until immediately after its completion was considered.
This tool displays high ratings of validity and reliability (ICC = 0.95-0.99) [41] and is a
commonly accepted tool for assessing HR.

2.3.3. Blood Oxygen Saturation with Pulse Oximeter

A pulse oximeter (Onyx II 9550, Nonin Medical, Plymouth, MN, USA) was used to
measure SpO2. The measurement was performed before (at rest), during the exercise (first,
second, third, and fourth set), and 15 min after the exercise. The oximeter was placed
at the index finger of the right hand. During the intermediate measurements, SpO2 was
measured immediately after the completion of each set in the same hand in which BFR was
applied. This tool is widely accepted by the scientific community for measuring SpO2 [42].

2.3.4. Rating of Perceived Exertion with the Borg Scale

The Borg Rating of Perceived Exertion (RPE) scale was used to assess exercise fa-
tigue [43,44]. The Borg scale scores the exercise intensity through the fatigue that the trainee
feels while performing the exercise. The rating of the scale ranges from 6 (no exertion)
to 20 (maximal exertion). Each participant was given appropriate clarifications by the
members of the research team and then was asked to rate the intensity of their effort
based on the scale, considering the feelings of physical stress and fatigue and focusing on
the feeling of generalized fatigue (not local muscle fatigue). The trainees were asked to
complete the scale immediately after each set. The validity of the scale has been confirmed
by its correlation with HR [45]. Moreover, the Centers for Disease Control and Prevention
(CDC) has determined exercise intensity values in specific population groups based on this
scale [46].

2.4. Exercise Protocol

The exercise protocol for the first two visits included four two-minute periods of
isometric exercise at 30% of the maximum voluntary contraction (MVC), with a two-minute
break between repetitions. All participants performed the same exercise protocol under
both conditions (i.e., exercise with and without BFR) with the right hand. A 57 x 9 cm Ri-
ester Komprimeter Pneumatic Tourniquet upper arm cuff was used to restrict the blood flow
with an applied tightening pressure of 140 mmHg. Pressure was applied for two minutes
during the exercise, whereas during the break, the cuff was deflated. The isometric handgrip
protocol was based on a protocol implemented by da Silva et al. [33].

In the next two visits, all participants performed a random isometric exercise at 30%
of the MVC with reduced blood flow (by tightening the arm to 140 mmHg), or performed
the exercise without restricted blood flow.

2.5. Statistical Analysis

Data were analyzed using SPSS Statistics for Windows, Version 25.0 (SPSS Inc.,
Chicago, IL, USA). Normal distribution was checked using the Shapiro-Wilk test, as
well as with the appropriate graphs (Q-Q plots and P-P plots). The normally distributed
variables were presented with mean value and standard deviation. A two-way analysis
of variance (ANOVA) with repeated measures was applied. The ANOVA was applied to
examine the interaction effect of “group” and “time of measurement”. Each different exer-
cise condition (exercise with BFR and exercise without BFR) was considered as a separate
group, while for “time” each dependent variable was measured at six different time points:
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baseline, after each set (first, second, third, fourth set), and after the completion of the
exercise (15 min later). The “time” factor for the Borg scale was checked at only four levels
(at each break between sets). The overall comparisons between groups were made using
the “group” x “time” interaction effects. If the interaction was statistically significant, the
simple main effects were reported using Tukey’s post hoc test (HSD). Demographic charac-
teristics are presented as mean =+ standard mean error (5.E.M) and outcome measures as
mean =+ standard deviation. The significance level was set at p < 0.05, with bilateral control.

3. Results

No missed visits or drop-outs occurred during the entire research period. Moreover,
no side effects were reported by any of the participants, both during and after the exercise
program. The demographic characteristics of the participants are presented in Table 1.
The outcome measures mean score (SD) for each time point of measurement in the two
participant groups are presented in Table 2.

Table 2. Outcome measures mean score (SD) for each time point of measurement in the two partici-

pant groups.

Baseline 1st Set 2nd Set 3rd Set 4th Set 15 min after
HR pulses/minute (SD)
BFRT * 74 (8) 78 (7) 77 (8) 72 (9) 74 (10) 74(10)
Control 74 (7) 78 (6) 79 (5) 75 (7) 81 (4) 79 (6)
SBP mmHg (SD)
BFRT 106.4 (10.5) 106.8 (12.4) 110.8 (16.8) 109.8 (12.0) 108.7 (11.1) 107.0 (9.1)
Control 107.1 (10.1) 106.1 (10.2) 104.7 (7.9) 104.8 (7.7) 106.9 (10.5) 106.0 (11.0)
DBP mmHg (SD)
BFRT 68.3 (7.1) 71.7 (6.0) 68.8 (7.8) 73.6 (12.2) 70.7 (6.7) 69.0 (5.4)
Control 66.9 (5.2) 66.3 (7.5) 66.7 (7.1) 66.4 (7.2) 66.6 (6.1) 67.7 (8.2)
OS SpO; (SD)
BFRT 97.4 (0.8) 97.8 (0.8) 97.3 (1.0) 97.8 (0.5) 974 (0.9) 97.4(0.9)
Control 97.4(0.7) 97.6 (0.5) 97.4 (0.5) 97.3 (1.0) 97.3 (0.8) 97.1(0.9)
Borg scale points (SD)
BFRT - 45 (1.8) 54 (1.8) 6.1(2.1) 6.8 (2.3) ** -
Control * - 2.0 (1.4) 3.0 (1.6) 3.4 (1.5) 3.9 (1.9) ** -

* Between groups significant comparisons in the post hoc testing. ** Between sets significant comparisons. BFRT:
blood flow restriction training; Control: conduction of exercise with no blood restriction; HR: heart rate; SBP:
systolic blood pressure; DBP: diastolic blood pressure; OS: oxygen saturation.

3.1. Heart Rate (HR)

The two-way ANOVA analysis displayed a non-significant “group” x “time” interac-
tion effect (p > 0.05) for HR, while a main effect on the “time” factor was observed (p < 0.05)
(Figure 1). The results showed that the HR did not change significantly in the two exercise
conditions. However, during exercise without BFR, HR slightly increased compared to
exercise with restriction. The minimal increase was statistically insignificant, and HR
returned close to resting values after the end of 15 min.
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Figure 1. Changes in heart rate (HR) at baseline, between the sets, and 15 min after exercise with
blood flow restriction (BFR) and without (control).

3.2. Systolic Blood Pressure (SBP)

The two-way ANOVA analysis did not display a significant “group” x “time” inter-
action effect (p > 0.05) for the systolic blood pressure (SBP) value, whereas a main effect
on the “time” factor was observed (p < 0.001) (Figure 2). The results showed that the
SBP did not change significantly in comparison to resting values, and that there were
no statistically significant differences between the groups at any measurement time. The
SBP value slightly increased when exercising with BFR compared to without BFR in all
intermediate measurements (first to fourth set). However, the difference was statistically
insignificant and after 15 minutes, SBP returned close to resting values.

SBP
130

. =o—CONTROL =—e=BFR

120

Pre st 2nd 3rd 4th 15 min Post

Figure 2. Changes in systolic blood pressure (SBP) at baseline, between the sets, and 15 min after
exercise with blood flow restriction (BFR) and without (control).

3.3. Diastolic Blood Pressure (DBP)

The two-way ANOVA analysis did not display a significant “group” x “time” in-
teraction effect (p > 0.05) for the diastolic blood pressure (DBP) value, whereas a main
effect on the “time” factor was observed (p < 0.05) (Figure 3). The results showed that the
DBP did not change significantly in comparison to resting values, and that there were no
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statistically significant differences between the groups at any time of measurement. The
DBP exhibited slightly higher values in exercise with BFR compared to exercise without
BFR in all intermediate measurements (first to fourth set). However, the difference was
statistically insignificant, and after 15 min, DBP returned close to resting values.

DBP
90
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80
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& \/ B
—
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50
Pre 1st 2nd 3rd 4th 15 min Post

Figure 3. Changes in diastolic blood pressure (DBP) at baseline, between the sets, and 15 min after
exercise with blood flow restriction training (BFR) and without (control).

3.4. Oxygen Saturation (SpO2)

The two-way ANOVA analysis did not display a significant “group” x “time” interac-
tion effect (p > 0.05) for the SpO2 value, whereas a main effect on the “time” factor (p < 0.05)
was observed (Figure 4). The results showed that the SpO2 did not change significantly in
comparison to resting values, and no statistically significant differences between the two
exercise conditions were found at any time of measurement.
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Figure 4. Changes in oxygen saturation (OS) at baseline, between the sets, and 15 min after exercise
with blood flow restriction training (BFR) and without (control).

3.5. Rating of Perceived Exertion with the Borg Scale

The two-way ANOVA analysis displayed a significant “group” x “time” interaction
effect (p < 0.05) for the Borg scale score, whereas a main effect on the “time” factor was
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observed (p < 0.001) (Figure 5). Tukey’s (HSD) post hoc test displayed a significant dif-
ference between groups in the HR score in the third (p < 0.05, 95% CI) and fourth break
(p < 0.001, 95% CI). The results showed that exercise with BFR caused participants to expe-
rience higher levels of fatigue than exercise without BFR. The difference was statistically
significant from the third break onwards and, in fact, the fatigue was greater in the fourth
break compared to the third. The biggest difference between the two exercise conditions
appeared immediately after the fourth break.

Borg Scale
10
—e—CONTROL =—e=BFR

Pre 1st 2nd 3rd 4th 15 min Post

Figure 5. Changes in Borg scale score between the sets with blood flow restriction training (BFR) and
without (control), with significant differences between the two exercise conditions after the third
and fourth set. * Between groups significant comparisons in the post hoc testing. ** Between sets
significant comparisons.

4. Discussion

The aim of this study was to investigate the effect of an isometric handgrip submaximal
exercise protocol with simultaneous BFR on the hemodynamic responses of the cardiovas-
cular system and muscle fatigue of apparently healthy adults. The effects of an isometric
handgrip protocol on 30% and 50% of isometric MVC in the cardiovascular system have
been studied by other researchers in both apparently healthy individuals [33] and older
adults [34]. However, this is the first crossover trial to study the effect of a submaximal
isometric protocol, while restricting blood flow.

The results of our study showed that there were no statistically significant changes
in the hemodynamic responses of the cardiovascular system between the two exercise
conditions (with and without BFR). During exercise without BFR, we observed that the
HR slightly increased in its value fluctuations compared to exercise with restriction. The
upward trend continued from one break to the next without, however, a statistically signifi-
cant difference between the two exercise conditions at any point in time. The submaximal
intensity of the exercise protocol, which could not induce strong hemodynamic responses,
as well as the intermittent application of BFR from one set to the next, are possible explana-
tions. Corresponding studies in which exercise protocols were applied with continuous
application of BFR showed an increase in both HR and BP [47,48]. On the other hand, in
other studies [49] with intermittent BFR, no increase in HR was observed. Therefore, it
appears that the intermittent application of BFR in our study contributed to keeping HR
close to resting values. The results of our research reinforce the opinion that intermittent
BER is safer regarding its effect on hemodynamic changes.
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Our findings were similar regarding the effects of our protocol on systolic and diastolic
pressure. The SBP and DBP values revealed an upward trend in both exercise conditions,
which gradually increased from one break to the next. The increase was greater, albeit
statistically insignificant, when exercising with BFR at any time of measurement. The SBP
and DBP values slightly increased in exercise with BFR compared to without BFR in all
intermediate measurements (first to fourth set). After 15 min, they returned close to resting
values. Consequently, we concluded that the protocol did not affect BP, the increase in
which may have been caused by an increase in HR. Recent research has shown that central
hemodynamic load increases during exercise, with and without BFR, are more related
to the effect on cardiac function (i.e., parasympathetic withdrawal) than to changes in
peripheral vascular resistance [50]. However, the width of the cuff appears to affect BP.
A large cuff width (13.5 cm) appears to increase HR, SBP, and DBP more compared to a
smaller width (5.0 cm) [51]. Loenneke et al. [52] report that a wider cuff (>13.5 cm) can
cause a relatively total blockage, whereas a smaller cuff may require higher pressure to
block blood flow. Therefore, the dimensions of the cuff we used in our research (57 x 9 cm)
may be recommended for the safe application of isometric submaximal handgrip exercise
protocols. The results of our research contradict those of Bonorino et al. [53], who detected
an increase in both HR and BP (SBP and DBP) after a 30% exercise protocol of the elbow
flexor muscles. However, their study did not include an isometric exercise protocol, but
a protocol with eccentric and concentric contractions. Spranger et al. [54] report that the
increase in BP during concentric and eccentric muscle contraction may be a result of muscle
hypoxia, increased levels of circulating catecholamines, and hyper-reactive stress response.
Our study reinforces the results of other research, such as that of de Aratjo et al. [34],
according to whom the isometric type of exercise affects BP less. Therefore, it may be a safer
way of exercising by restricting blood flow in cases where strong hemodynamic changes
are not desirable (e.g., in vulnerable older adults or the chronically ill). Additionally, the
results of our research agree with those of Creudeur et al. [50], who also did not detect
changes in the values of SBP and DBP after the application of a rhythmic squeeze-relax
handgrip exercise protocol. They also agree with the results of other studies in which
both the short-term [3] and the long-term effect of BFRT [55] on BP was investigated using
different exercise protocols.

Regarding the variation of SpO2, our results showed no significant differences, both in
exercise with BFR and without BFR. However, SpO2 slightly increased during the execution
of a program with BFR, which is contradictory, as BFR is expected to lower SpO2. The better
oxygenation of the restricted limb could be explained because of compensatory vasodilation
peripheral to the restricting point, due to limited blood flow. Creudeur et al. [50] studied
the tissue saturation index (TSI%) of a handgrip exercise protocol with BFR and also found
an increase in tissue oxygenation immediately after exercise. These results contradicted
their original opposite prediction that peripheral vascular resistance would probably be
greater during BFRT. In any case, the changes in SpO2 in our study were negligible, so we
do not consider further analysis necessary.

A statistically significant increase in muscle fatigue occurred during BERT, which is
confirmed by the decrease in the Borg scale score. Our protocol included four two-minute
periods of isometric contraction at 30% of the isometric MVC. In contrast to other protocols,
such as that of Cerqueira et al. [36], in which isometric exercise was applied until exhaustion,
our intervention did not in itself justify the increased fatigue. Consequently, increased
fatigue after exercise with BFR can be attributed to the BFR. Based on the RPE, the highest
values recorded at the end of the fourth set without BFR corresponded to a level of exercise
characterized as “easy”, while at the same time, in exercise with BFR, they corresponded to
“hard” [45].

Research has shown that muscle fatigue due to BFRT is normal and is caused by limited
oxygen supply [56]. Pearson and Hussain [20] report that fatigue by BFRT can lead to
faster and more efficient training adjustments related to muscle hypertrophy and increased
strength and endurance. On the other hand, an important factor that also causes muscle
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fatigue is exercise dosage (intensity, duration, and type of muscle contraction). It seems
that the protocol in our research can cause adjustments in muscle strength and endurance
without causing strong hemodynamic responses. The results of our study are in line with
those of other studies in which increased fatigue was also found after a combination of
exercise with BFR. Hussman et al. [57] observed increased fatigue levels after a low-intensity
isotonic resistance exercise protocol of the knee extensors, and Copithorne and Rise [58]
found increased fatigue in the elbow flexors.

We believe that the results of our study will provide useful information on the appro-
priateness of this combination in vulnerable groups, as well as guidance for conducting
more extensive research in the future.

A number of limitations that need to be considered when interpreting the results
are as follows. First, the volunteers were apparently healthy women and men, which
makes it difficult to relate the results to other populations that could benefit from isometric
exercise with a hand dynamometer, such as patients with a chronic disease. Due to reduced
access to participants, no sample size calculation was performed. The level of fitness of the
volunteers was not assessed, but none of them had any experience in isometric exercise with
a hand dynamometer. Two of the 12 participants were former smokers and had abstained
from smoking for nine months and one year, respectively. Additionally, the BFR pressure
was the same for everyone, which could be equal to the ischemic value for participants
with a low resting BP and only obstructive for those with a high or elevated BP. However,
the criteria for exclusion from the study were resting SBP and DBP values < 120 mmHg
and 80 mmHg, respectively. Moreover, we investigated the effect of BFRT in the short
term, and it remains to be studied in the long term. Another concern is whether the results
would be similar or even the same if both upper limbs or lower limbs were exercised. The
participants were young, which raises the question about the change in responses in older
people with the same exercise protocol, which remains to be studied in future research. The
same question applies to the clinical population.

5. Conclusions

Exercise with BFR seems to be a promising method in the field of exercise research, as
it has significant effects on both muscle and hemodynamic levels. In our study, we tried
to understand how the hemodynamic system is affected in apparently healthy volunteers
under specific parameters. The application of an isometric handgrip exercise protocol,
with BFR at 140 mmHg and intensity at 30% of the isometric MVC, did not hemodynami-
cally affect the cardiovascular system. However, it caused greater intense fatigue in the
flexor muscles of the wrist and fingers. This is something we expected, as the hypoxic
environment and the stress that the muscles receive during training could be responsible
for the occurrence of fatigue. The combination of exercise with BFR could lead to faster
and more intense training adjustments by increasing muscle strength in vulnerable groups,
where intense hemodynamic changes are not desirable, as an alternative type of resistance
training. For this reason, we consider it important to conduct further research to determine
the effects of this protocol when applied to vulnerable population groups. It seems that the
intermittent application of BFRT, as well as the appropriate cuff dimensions, significantly
affect the presence of hemodynamic responses and muscle fatigue.
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