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Abstract

Background: Blood flow restriction (BFR) training isa
trendy alternative for standard resistance exercise since it can
enhance muscular strength and diameter without requiring
training with high-load. Some individuals who use BFR at
low loads need to attenuate their cardiovascular response to
exercise; contraction patterns may be one of the factors that
can affect the cardiovascular response.

Aimof Sudy: The current study attempted to assess the
acute cardiovascular response of healthy young individuals
to lower body resistance exercise with blood flow restriction
training (BFR).

Subject and Methods: The participants were selected from
benha university students, study was conducted over a 6-
month period from September 2022 to March 2023 This was
arandomized controlled, pre-test, and post-test study. Subjects
who met the selection criteria divided randomly into 3 groups.
Group A: 40 participants performed a single trial of unilateral
pattern of resistance exercise with blood flow restriction (UIL-
BFR) with 40% of arterial occlusion pressure (AOP) 30% of
one-repetition maximum (1RM) Group B: 40 participants
performed asingletrial of bilateral pattern of resistance
exercise with blood flow restriction (BIL-BFR) 40% of arterial
occlusion pressure (AOP) and 30% of one-repetition maximum
(1RM). Group C: 20 participants performed single trial of
resistance exercise 30% of one-repetition maximum.

Results: There was significant rise in Systolic blood
pressure following exercise in the (UIL-BFR) group (p-value
<0.001). In the (BIL-BFR) group, there was a significant
reduction in Systolic blood pressure after exercise compared
to before exercise (p-value <0.001).

Conclusion: These results suggested that those who want
to decrease risk of acardiovascular incident may choose (BIL-
BFR) over (UNI-BFR).
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Introduction

BLOOD flow restriction (BFR) training is anovel
strategy that induces physiological changes similar
to those seen in response to high-intensity resist-
ance, but at lower exercise intensities (20% to 50%
of one-repetition maximum) and in a shorter time
frame (4-6 weeks) [1].

In order to achieve a considerable increasein
muscle strength and growth, the American College
of Sports Medicine recommends performing resist-
ance exercise (RE) at intensities more than or equal
to 60% of one-repetition maximum (1RM). Itis
assumed that any training intensity below that
hardly produces considerable stimulus and subse-
quently muscle strength and hypertrophy adapta-
tions [2].

Great stress placed on joints and tissues in case
of applying high resistance which can be unsafe
and sometimes hard to be tolerated bymany cases
such as the elderly, injured populations, patients
after surgeries and patients undergoing cardiac
rehabilitation [3].

The low intensities and few exercise sessions
isultimately beneficial especially for frail people,
such as inactive people, patients with chronic
diseases, persons with injuries and in post-surgical
rehabilitation to promote muscle strength and
hypertrophy [4].

Blood flow restriction training alone can de-
crease muscular weakness that occurs after disuse,
when BFR is accompanied by passive exercise it
can minimize muscle atrophy [5] and it also increas-
es muscle size and maximal oxygen consumption
when it added to aerobic exercise [6].
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In spite of the rising evidence for the efficiency
of low-intensity BFR application, the relative saf ety
of BFR exercise has not been acknowledged. As
itwasfound that ischemia provoked by BFR may
increase myocardial oxygen demand and blood
pressure by activatingsystemic and regional vas-
cular resistance besides the buildup of metabolites
and the resulting stimulation of chemoreflex [7].

To decrease these cardiovascular events re-
searchers recommended performing blood flow
restriction (BFR) training with lower occlusion
pressure and lifting lower loads during training
besides that, researchers suggests That we may
have the chance to gain more attenuation of the
cardiovascular response through exercising with
specific contraction pattern [g].

So, further studies were needed to be done on
BFR during the different contraction patterns such
as unilateral (UNI), and bilateral pattern (BIL) as
each pattern may produce different responses so
the aim of this study was to provide information
to help in establishing and improving the safety
guidelines of blood flow restriction training.

Subjectsand Methods

ubjects:

100 young adults participated in this study. The
participants were selected from Benha University
students, study was conducted over a 6-month
period from September 2022 to March 2023 Before
beginning the training approach, each participant
must sign a consent form as an agreement for
participation in the current study. Each individual
was given an in-depth description of the technique
and measurement devices, And the study's goal
was explained to each participant. The Ethical
Committee for Scientific Researches of the Faculty
of Physical Therapy, Cairo University, approved
all study protocols with approval number
(P.T.REC/012/004553 ).

Inclusion criteria: All participants in this study
ranged in age from 18,to 25 years, with BMIs
ranging from 18.5k g/m” to 24.9kg/m?.

Exclusion criteria;

The excluded participants were Smoker's, sub-
jects with cardiovascular disease, peripheral vas-
cular disease, renal disease, Neurological disorders,
Acute muscular pain, History of limb surgery or
fracture, Instability of joints or soft tissue contrac-
ture, Psychological or mental impairments, indi-
viduals with resting systolic/diastolic BP =120/80
mmHg, subjects who were exercising regularly

and participants who were taking medications that
influence HR and/or blood pressure.

Group design of participants:

Thisisarandomized, controlled, pre-test and
post-test study.

Subjects who metthe selection criteria divided
randomly into 3 groups:

Group A: 40 participants performed asingle
trial of unilateral pattern of resistance exercise
with blood flow restriction (UIL-BFR) 40% of
arterial occlusion pressure (AOP) and 30% one-
repetition maximum (1RM).

Group B: 40 participants performed asingle
trial of bilateral pattern of resistance exercise with
blood flow restriction (BIL-BFR) with 40% of
(AOP) arterial occlusion pressure and 30% one-
repetition maximum (1RM).

Group C: 20 participants will perform single
trial of resistance exercise with (30% one-repetition
maximum).

Materials:
Evaluation equipment:

Fetal Doppler ultrasound, PulsFit Pulse Oxime-
ter Model NumberA FBO-600/BO-650/BO-800
Reliably made in Japan, Sphygmomanometer
ALPK2-300V SN made in japan.

I ntervention equipment:

Pneumatic nylon cuff (SC10D; Hokanson, Bel-
levue, WA) Quadriceps chair.

Procedures:
Preparation:

* A medical history was obtained in order to collect
information about the volunteers general health,
physical activities, and current medications.

* All of the subjects medical and demographic
information was acquired.

The correct technique to perform the exercise
was demonstrated to the participants.

Evaluation procedures:

* Blood pressure (BP) were measured 5-minute
before the beginning of training using sphyg-
momanometer.

* BP was measured again after exercise.

Intervention procedures:

* Before the beginning of the treatment, in a
seated position, subjects were given a 15-minute
rest period. A nylon cuff was placed on the proximal
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part of each leg for blood flow restriction, and
BFR was applied at 40% AOP. All participants
completed four sets for each leg, beginning with
a set of 30 repetitions and ending with three sets
of 15 repetitions at 30% 1RM. Resistance was
given during knee extension using a quadriceps
chair, with 30 seconds rest between sets.

* Participantsin the (UNI-BFR) protocol:

On the exercising leg, the pressure cuff was
first affixed and inflated. The cuff was deflated
after completing all sets on thefirst leg. The pres-
sure cuff was then affixed and inflated on the
opposite leg, and the exercise began.

* Participantsin the (BIL-BFR) protocol:

The proximal part of each participant's leg was
fitted with a pneumatic nylon cuff. Cuffs were
inflated on each leg while both legs exercised
simultaneously. The participant extended his knee
to 90 degrees with resistance 30% of the maximum
one repetition.

* Participantsin the (BIL-RE) protocol:

The subject will extend his knee up to 90 degree
with resistance 40% of one repetition maximum.

Satistical analysis:

- The Shapiro-Wilk test was used to determine data
normality.

- Descriptive statistics and kruskal wallis-test were
conducted to compare all variables of pre and
post treatment between the three groups (between
group comparison).

- Wilcoxon test was conducted to compare all
variables between pre-treatment and post-
treatment measurements within each group.

- For subsequent multiple comparisons, post-hoc
tests using the Bonferroni test were applied.

- The arithmetic mean as an average description
of the data’ central tendency.

- The standard deviation provides a measure of the
results dispersion.

- For all statistical tests, the level of significance
was set at p-value 0.05. All statistical The statis-
tical package for social studies (SPSS) version
27 for Windows was used to perform the meas-
urements.

Results

Participant characteristics: As presented in
Table (1), there was no statistical difference of the
Demographic Data age, weight and height between
the three groups (A, B and C).
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Table (1): Demographic Data age, weight and height between
the three groups (A, B and C).

Group A Group B Group C p-vaue

Age(year) 21.60£152 21.75:011 21.95£1.93 0.21(NS)
Weight (kg) 71.45+7.93 74.25:0.11 72.05£9.84 0.291(NS)
Height (cm) 177.05:6.92 179.29:0.11 177.65:6.24 0.437(NS)
BMI (kg/m?) 2275226 23.17+0.72 22.76+175 0.105(NS)

Pre treatment and post treatment mean values
of Systolic blood pressure of group (A):

The mean * SD Systolic blood pressure of
group A (UNI-BFR) pre treatment was 115.25 +6.96,
while at post treatment was 121.20+7.4. The mean
difference was —5.95 and the percent of change
was 5.16%. There was a significant increase in
Systolic blood pressure at post treatment compared
with pretreatment ( p-value <0.001).

Pretreatment and post treatment mean values
of Systolic blood pressure of group (B):

The mean * SD Systolic blood pressure of
group B pre treatment was 116.64+0.11, while at
post treatment was 112.86+0.11. The mean differ-
ence was 3.79 and the percent of change was
3.25%. There was a significant decrease in Systolic
blood pressure at post treatment compared with
pre treatment (p-value <0.001).

Pre treatment and post treatment mean values
of Systolic blood pressure of group (C):

The mean + SD Systolic blood pressure of
group C pre treatment was 116 £5.39, while at post
treatment was 114.2+4.25. The mean difference
was 1.80 and the percent of change was 1.55%.
There was no significant decreasein Systolic blood
pressure at post treatment compared with pre treat-
ment (p-value=0.097).

Table (2): Comparison between pre exercise and post exercise
mean values of Systolic blood pressure of group

(A),(B) and (C).
Systolic biood Group A Group B Group C
pressure
Pre treatment 115.25+6.96 116.64+0.11 116.64+0.11
Post treatment 121.2+7.4 112.86+0.11 112.86+0.11
p-value <0.001 <0.001 0.097
Sig. S S NS
X : Mean.

SD : Standard deviation.
MD: Mean difference.
Z-value: Wilcoxon value.
p-value: Probability value.
S: Significant.
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Table (3): Comparison of post treatment mean values of
Systolic blood pressure between the studied groups.

Systolic blood pressure

Test p-

X+SD Statistic  value

Sig.

Group A Group B Group C

121.20+7.4 112.86+0.11 114.2%425 31.837 <0.001 S

Multiple comparison (Bonferroni test)

MD Test Statistic  p-vaue  Sig.
Group A Vs Group B 8.34 34.85 <0.001
Group A Vs Group C 7 29.55 <0.001 S
Group B Vs Group C -1.34 -5.300 0.504 NS

X :Mean.
S: Significant.

SD : Standard deviation.
NS : Non significant.
p-value: Probability value.

Discussion

The aim of this study was to assess the acute
cardiovascular response of healthy young individ-
ualsto lower body resistance exercise with blood
flow restriction training (BFR).

The results of the study suggested that training
with bilateral contraction pattern has a hypotensive
effect as there was a significant decrease in the
systolic blood pressure. This effect may had oc-
curred due to a stress-mediated upsurge in nitric
oxide synthase which is an enzyme that Itsroleis
to convert L-arginine into nitric oxide whichisa
tiny electrically neutral molecule that improves
vasodilation and smooth muscle relaxation; that
lead to decrease in peripheral vascular resistance
[9] . Furthermore, Some chemicals, such as prostag-
landins, potassium, and adenosine, may trigger
vascular vasodilation and cause hypotension. Also
the restriction of blood flow in both lower limbs
at the sametime in case of (BIL-BFR) may decrease
the cardiac preload as it decrease the venous return
to the heart [10].

A study that implemented the training in bilat-
eral pattern on 14 subjects with average age 45 +9,9
years have shown results comparable to those
mentioned in this paper, confirming post-exercise
hypotension. They reported that low-intensity
strength exercise with blood flow restriction caused
hypotensive effect up to 60 minutes after exercise
[11].

Maior et al., correspondingly conducted addi-
tional research on 15 healthy adults with an average
age: 23.4+ 3.4 years, the outcomes of this study
confirmed the prevalence of post-exercise hypo-
tension asit was found that SBP dropped signifi-

cantly (p<0.05) after 30 minutes (125.86 +9.33
mmHg) and significant decreasesin DBP [12].

The findings of this study are also consistent
with the study of Neto et al., in which The systolic
and diastolic blood pressures (SBP and DBP) were
recorded for Twenty-four normotensive males after
low-intensity resistance exercise combined with
BFR (LI + BFR) this protocol resulted in hypoten-
sive SBP (-5.5%) responses it also stimul ated
hypotensive responses in DBP (—11.5%) [13].

In the case of unilateral BFR, there was a con-
siderable increase in systolic blood pressure. The
rationale behind this result might be that in unilat-
eral group the time of exerciseislonger asthe
patient starts the training in the other leg after
completing the sets of the first one thistime gives
a chance of metabolites accumulation and this will
progressively activate the mechano- and metabo-
reflexes throughout the repetitions which in turn
will increase blood pressure.

Moreira et al., conducted a research on the
cardiovascular response to knee extension exercise
without BFR showed contrast results to our findings
asthey revealed that unilateral training has alower
cardiovascular response than bilateral training [14],
the reason behind that may be that They comple-
mented the entire period of UNI training to BIL
training in their study by making subjects exercise
only one leg and the cardiovascul ar response was
assessed at that time. The higher muscle massin
bilateral training would definitely result in more
pronounced cardiovascular responses when com-
pared to exercises with smaller muscle mass, such
as unilateral resistance training with oneleg. In
the instance of Moreiraet al., this favorable cardi-
ovascular response in unilateral training Because
the blood flow demand during bilateral exercise
islarger in order to supply both legs with oxygen-
ated blood and that will increase the load on car-
diovascular system in the current study, the partic-
ipants exercise both legs for the UNI pattern.

Conclusion According to current study findings
it can be interpreted that training with (BIL-BFR)
is more recommended to decrease the chance of
blood pressure elevation and cardiovascular events.
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