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Abstract

This study aimed to examine the effects of lower limb blood flow
restriction (BFR) performed during 3-a-side futsal game training
on aerobic and anaerobic performance of futsal players. Twelve
male futsal players were randomized into two groups (n = 6); both
groups performed ten sessions of the 3-a-side game every other
day in half of a futsal court; but one group trained under BFR
conditions. Pneumatic cuffs used for the BFR group were inflated
to 110% leg systolic blood pressure and increased by 10% after
each two completed sessions. Before and after the training ses-
sions subjects completed a series of tests to assess aerobic and
anaerobic performances along with changes in blood lactate and
anabolic and catabolic hormones. All aerobic and anaerobic per-
formance variables improved in both group after training, how-
ever improvements in mean power (12.2%, p = 0.03), run time to
fatigue (TTF), (7.1%, p = 0.02) and running economy (RE), (-
22.7%, p = 0.01) were significantly greater in the BFR group.
There were also significant increases in growth hormone (p =
0.01), testosterone to cortisol ratio at first session (p = 0.01) and
rate of lactate removal (p = 0.01) at last session in the BFR group
compared to the non-BFR group. Small-sided game (SSG) train-
ing with the addition of BFR because of accumulated metabolites
and hormonal changed leads to substantially greater increases in
performance than SSGs training alone.

Key words: Blood flow restriction, growth hormone, lactate
removal, small sided game, testosterone to cortisol ratio.

Introduction

Futsal is a competitive ball sport consisting of short dura-
tion sprints interspersed with short recovery periods (Naser
et al., 2017). The repeated high-intensity nature of futsal
requires players to develop high-levels of both long dura-
tion exercise and short duration exercise capacity
(Castagna et al., 2009). Indeed, previous research reported
that professional players can develop maximum oxygen
consumption (VOomax) Vvalues in excess of 60
ml-kg !'min™! to cope with the games physical require-
ments (Alvarez et al., 2009; Castagna et al., 2009). Futsal
players typically cover 3-5 km during a game and more
than 50% of the time is performed at a high intensity
(Castagna et al., 2009; Naser et al., 2017). A previous study
has reported players achieve a mean blood lactate concen-
tration of 5.3 mmol-L™" and spend ~80% of actual playing

time at exercise intensities higher than 85% of their maxi-
mum heart rate (HRmax) (Barbero-Alvarez et al., 2008).

To date, there is little research investigating the ac-
tual training of futsal players (Barbieri et al., 2016;
Berdejo-del-Fresno et al., 2015). Traditionally, training has
focused on a combination of generic team-sport exercises,
aimed at improving repeated sprint ability and long dura-
tion exercise capacity and simulated game play to enhance
skill and techniques (Barbieri et al., 2016). A recent trend
in team sports has seen an increase in the use of small-sided
game (SSG) to not only improve the players technical and
tactical aspects but also provide a time-efficient method for
improving players physical condition (Amani-Shalamzari
et al., 2019b; Halouani et al., 2014b). Compared to generic
training the use of SSGs provides the added benefit of al-
lowing for more training time spent developing game rele-
vant skills and tactical abilities while simultaneously
providing game specific fitness (Amani-Shalamzari et al.,
2019b; Engel et al., 2018; Helgerud et al., 2001).

Given time constraints, coaches are constantly look-
ing for exercises that may further enhance the effectiveness
of the available training sessions. One that has received re-
cent attention is the use of limb blood flow restriction
(BFR) (Pope et al., 2013). Tourniquets or pneumatic cuffs
are used to occlude or restrict venous return and restrict ar-
terial blood flow during exercise with BFR (Pope et al.,
2013). Using BFR during training reduces the amount of
oxygen and nutrients supplied to active muscle thereby in-
creasing hypoxic conditions and placing the muscle under
greater metabolic stress (Tanimoto et al., 2005). Recently
research suggests that occlusion, when used in conjunction
with training, may provide greater gains in both aerobic
and anaerobic performance (de Oliveira et al., 2016). Pre-
vious research has also suggested that BFR training may
cause increases the levels of hormones related to muscle
hypertrophy like growth hormone (GH) and insulin-like
growth factor-1 (IGF-1) (Abe et al., 2005; Takano et al.,
2005b). The majority of early research has utilized BFR in
conjunction with low-intensity aerobic (<40% VO:zmax) or
resistance training protocols (<30% one repetition maxi-
mum (1RM)) and reported enhancements in oxidative en-
zymes, VOomax, €Xercise time to exhaustion and increased
muscle, hypertrophy and strength (Abe et al., 2010; Scott
et al., 2017). More recent research has investigated the use
of BFR in conjunction with higher-load training (de
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Oliveira et al., 2016; Pope et al., 2013; Tanimoto et al.,
2005). One study reported no added benefit from the addi-
tion of BFR on aerobic capacity (Laurentino et al., 2008),
while other studies have reported greater improvements in
muscle strength (Cook et al., 2014), VOxmax and anaerobic
running capacity (de Oliveira et al., 2016) and also sprint
performance (Behringer et al., 2017). Given the potential
benefits for both aerobic and anaerobic performance char-
acteristics and the relative ease of its application in training
situations, it seems plausible that BFR may provide a val-
uable additional training methodology for futsal players,
especially when used in conjunction with SSG play.

Adding BFR to exercise increases the metabolic
load (internal exercise load), which leads to further
metabolic adaptations such as lactate maintenance during
exercise. Due to the specificity principle of training for
train based on muscle involvement pattern in the futsal, we
hypothesis that adding BFR to 3-a-side game which is
predominantly dependent on the aerobic system leads to
increase the exercise metabolic load and as well increased
lactate tolerance, which players often encounter during the
futsal games. Therefore, the aim of the current study was
to investigate the utility of BFR used in combination with
SSG training for enhancing the long and short duration
exercise capacities of futsal players. We hypothesized that
high metabolic pressure during the BFR may cause to
improve performance in futsal players.

Methods

Experimental approach to the problem

The study was a control-trial in which subjects were ran-
domly assigned to either an experimental (BFR n = 6) or
control group (non-BFR n = 6) for ten sessions of game-
specific futsal training.

Participants

Twelve male futsal players aged 23 + 2 years, body height
1.74 £ 0.05 m, body weight 67.5 + 6.8 kg, BMI 22.2 £ 2.0
kg/m?, with at least five years’ experience in futsal (played
at National League Second Division) volunteered to partic-
ipate in this study. All subjects were in healthiness without
any orthopedic, neuromuscular or cardiovascular diseases
and provided written informed consent before testing.
They excluded from the study if they had more than one
session absentee. The study was a controlled trial in which
subjects were randomly assigned to either an experimental
(BFR n = 6) or control group (non-BFR n = 6) for ten ses-
sions of game-specific futsal training. In order to estimate
the number of participants needed in the study, a sample
size calculation was performed using G*Power Software
version 3.1.9.6 (Diisseldorf, Germany) (Faul et al., 2007)
for a repeated measures ANOVA (within factors), using an
a rejection criterion of 0.05 and 0.95 (1-B) power, and an
average correlation of tho=0.50 between the repeated
measures for 4 within subject measurements to detect a me-
dium effect (f=0.5). The power calculation indicated that
a minimum of 12 participants was required to be able to
find such an effect. All experimental procedures were ap-
proved by the Ethics committee of Sport Sciences Research

Institute of Iran with code IR.SSRI.REC.1396.187 and
were conducted in accordance with the Declaration of Hel-
sinki. The researcher explained the risks and benefits of the
study to participants and obtained written informed consent
prior to initial assessments.

The strength, muscle activation, and hormones
(IGF-1 and myostatin) data have been published (Amani-
Shalamzari et al., 2019a), but complementary data on aer-
obic and anaerobic performance, blood lactate concentra-
tion, and Hormones (Testosterone, GH, and cortisol) have
not previously been analysed or reported.

Test procedures

Subjects completed a series of physiological and perfor-
mance tests over three days, one week before and after a 3-
week (10 sessions) training intervention. A schematic
showing the testing timeline is shown in Figure 1. Physio-
logical tests were performed in a temperature-controlled la-
boratory environment and consisted of a VOomax test fol-
lowed by a time to fatigue (TTF) test on day two followed
by a Wingate 30-second maximal test (WANT) on day
three. On Day one, subjects initially completed an incre-
mental speed test on a motorized treadmill (Pulsar hp Cos-
mos, Nussdorf-Traustein, Germany) set at a 1% inclination
for determination of VOimax. The treadmill test com-
menced at 10 km-h! and progressed with speed increments
of 1 km'h! every 3 min until subjects reached voluntary
exhaustion. Throughout testing respiratory gases were
measured using an alpha gas standard calibrated metabolic
system (MetaLyzer3B, CORTEX, Leipzig, Germany).
VOumax was calculated as the highest oxygen consumed
over a 30 s period. VOzmax was confirmed when 3 or more
of the following criteria were met: (1) a plateau in VO, de-
spite an increase in running speed; (2) a respiratory ex-
change ratio (RER) higher than 1.2; (3) peak heart rate at
least equal to 90% of the age-predicted maximum; and/or
(4) visible exhaustion (Bayati et al., 2011). Each subject's
velocity at VOzmax (VVOamax) Was identified from the res-
piratory measures as the minimum velocity at which the
recorded VOamax Was initially obtained. Also a measure of
running economy (RE) was identified using the mean ab-
solute oxygen cost (L-min"!') measured during the final 2
min of the 11-km-h™! running stage. This running economy
occurs below a respiratory exchange ratio of 1.0 that is be-
tween 7 and 12 km-h'! dependent on each individual’s run-
ning ability (Paton et al., 2017).

On next day, the incremental test subjects com-
pleted a treadmill TTF at their previously determined
VVO2max. Subjects commenced the TTF test at 60% of their
vVOomax, and then progressively increased to 100%
vVOomax over a 30-45 s period. Total run duration was
taken from the moment speed equaled the target vVOimax
until subjects volitional exhaustion. For comparison, both
pre and post-training vVOzmax tests were performed at the
same pre-training vV Oamax velocity. On the following day,
subjects performed a 30-s Wingate test on a stationary bi-
cycle ergometer (Model 894E, Monark, Vansbro, Sweden)
to obtain measures of peak power (PP), average power
(AP) and minimum power (MP). Subjects commenced
the WANT test with a 4-min warm-up performed at 60
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Figure 1. Schematic overview of the study timeline.

revolutions per minute (RPM) against basket weight only
(=60W). On completion of the warm-up subjects were im-
mediately given a 5 s countdown to the automatically con-
trolled beginning of the test. During the test subjects ped-
aled as fast as they could for 30 s while remaining seated.
The resistance load for the Wingate test was set equivalent
to 7.5% of each subjects’ body weight. Players were ver-
bally encouraged during all tests to perform to their maxi-
mum ability. As reported the aerobic and anaerobic perfor-
mance and physiological parameters are time-of-day de-
pendent, the tests were repeated in the same time in pre-
and post-test (Chtourou and Souissi, 2012).

Training protocol
Subjects suspended all other generic and futsal specific
training for the duration of the study intervention period.
Futsal training for both BFR and non-BFR groups con-
sisted of 3-a-side SSG play on a 20 x 20 m hard surface
pitch. Three-a-side is an effective and specific SSG for im-
proving aerobic endurance fitness, as its physiological re-
sponses are similar to high intensity aerobic exercises
(Halouani et al., 2014a). All subjects completed a total of
ten supervised training sessions over three weeks with at
least 48 h between sessions. Games consisted of periods of
3 min of activity interspersed with 2 min passive recovery.
The total number of repetitions (reps) performed increased
from sessions 1-9 (4 reps for sessions 1-3, 6 reps for ses-
sions 4-7, 8 reps for sessions 8-9). The tenth session was
performed at the same intensity of the first session to allow
for physiological comparisons. All games were styled free
touch with the ball always made promptly available if it
went out of play. All games were played against opposing
teams under the same experimental condition; e.g. BFR vs.
BFR and non-BFR vs. non-BFR for all training sessions.
During training sessions, the BFR group wore right
and left leg pneumatic cuffs (13 cm width, Ghamatpooyan,
Tehran, Iran) placed on the upper-thighs immediately infe-
rior to the gluteal fold. In the first week training, cuffs were
inflated to 110% of each leg individual's systolic blood
pressure (SBP). Leg SBP was considered about 1.2 fold of

arm SBP (Sareen et al., 2012). Resting blood pressure was
measured in a sitting position by a digital manometer (Om-
ron M6 Comfort, Omron Healthcare, Kyoto, Japan) before
the training workout. Cuff pressure was then progressively
increased by 10% following each two completed training
sessions. Cuffs remained inflated for each 3 min training
period and were immediately deflated for the subsequent 2
min recovery period. Players sat down on a bench and in-
flated the cuff by a gauge, when the target pressure was
reached, players performed three squats to ensure that the
exact pressure was reached and then the gauge was cut off.
Heart rate during all training sessions was recorded using a
short-range telemetry device (Polar RC3, Polar Electro Oy,
Kempele, Finland). The rate of perceived exertion (RPE)
was measured immediately after each exercise set using the
Borg non-linear (6-20) rating scale. In the first and last
training sessions (1 and 10) fingertip blood lactate
measures (Lactate Scout+, Cosmos Sirius, Germany) were
taken immediately on completion of game play and at 5-
and 12-min post play. All lactate measurements were taken
with the occlusion cuffs removed.

Hormonal analysis

Before commencement of the training sessions (at base-
line), immediately after the first session (acute response)
and last training sessions (acute response to training) and
48 h after the last training session (adaptation) venous
blood samples were drawn for hormonal analysis. Blood
sample (5 cc) were taken from an antecubital vein and col-
lected in ethylenediaminetetraacetic (EDTA) tubes. In the
second and third blood sampling the data modified based
on the plasma volume changes according to the formula of
Dill and Costill (1974). Blood samples were immediately
centrifuged (4° C, 3000 rpm) for 10 min after collection to
isolate serum, and were then stored at -20° C until subse-
quent batch analysis. Serum samples were analyzed by en-
zyme immunoassay for free testosterone (testosterone kit
IBL, RE52151, Hamburg, Germany), cortisol (cortisol kit
IBL, RE52061, Hamburg, Germany) and GH (growth
hormone kit IBL, MG59121, Hamburg, Germany).
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The inter- and intra-assay coefficient of variations (CV) of
hormone measurement was 5.5% and 3.1% (testosterone),
3.4% and 2.6% (cortisol) and 8.1% and 4.9% (GH).

Statistical analyses

All simple group data are presented as mean =+ standard de-
viation (SD). The magnitude of group effects on perfor-
mance and physiological measures were determined using
amade for purpose spreadsheet (Hopkins, 2006). The mean
effect and the 95% confidence limits (CL) were determined
using the unequal-variance, t-statistic computed for change
scores between the experimental (BFR) and control (non-
BFR) groups. Measures were log transformed to reduce
bias arising from non-uniformity of error and back-trans-
formed to obtain changes in means as percent values. The
spreadsheet also provides the associated effect size (ES)
statistic for changes within and between groups. The effect
size thresholds of <0.2, 0.2-0.5, 0.5-0.8 and >0.8 were con-
sidered as trivial, small, moderate and large effects respec-
tively, in accordance with the recommendations of Cohen
(Paton et al., 2017). Also significance based analysis was
performed (SPSS statistical software, version 19) to deter-
mine differences within and between groups. A paired
sample t-test was used to analyze differences in measured
parameters and hormone levels intra groups. A repeated
measure analysis of variance (ANOVA) with factors for
time and group was used to determine differences in blood
lactate accumulation. Thresholds for significance for all
test was set at alpha = 0.05. Figure 2 and 3 were prepared
in GraphPad Prism (Version 7.03, GraphPad Software).

Results

Performance measures

Table 1 shows the measured aerobic and anaerobic perfor-
mance variables and magnitude of change pre- to post-
training for the two groups. Both BFR and non-BFR groups
showed substantial increases in VOamax (P = 0.03), and
VVOomax (p = 0.03) following the training period; however
the overall between-group differences were deemed small
(ES = 0.22, 0.28 respectively) and not significant (p >
0.05). There were significant differences between groups
in TTF (p = 0.02) with a moderate effect (ES = 0.66) and
RE (p = 0.01) with a large negative effect size (ES =-1.3)
in favor of the BFR group (Table 1). TTF and RE improved

significantly in the BFR group (p = 0.01) and non-signifi-
cantly (p = 0.37) in the non-BFR group respectively.

The Wingate test results showed that AP increased
significantly (p = 0.01) in the BFR group and non-signifi-
cantly (p = 0.51) in non-BFR group. The resultant change
between the groups was significant (p = 0.03) and consid-
ered as a large effect (ES = 1.3) in favor of the BFR group.
Peak power also increased significantly in the BFR group
(p=0.01) and in the non-BFR group (p =0.01). The result-
ant change between the groups was not significant (p =
0.08) and considered as a moderate effect (ES =0.55). Sim-
ilarly, the MP increased significantly (p = 0.02) in the BFR
group and non-significantly (p = 0.17) in the non-BFR
group and also the change between the groups was not sig-
nificant, although the changes considered a large effect (ES
=0.86) (Table 1).

The result for blood lactate concentration after the
first and last session training are shown in Figure 2. In the
first session, there was a significantly higher blood lactate
concentration immediately (p = 0.01) and 5 min later (p =
0.03) in the BFR group compare to the non-BFR group.
The ANOVA showed there was a significant group X time
interaction effect (p = 0.04) for blood lactate. The blood
lactate levels decreased in both groups at 12 min later; at
the last session, blood lactate levels were significant (p =
0.01) reduced in the BFR group (3.45 + 0.57 mmol-L™")
compare to the non-BFR group (4.48 + 0.45 mmol-L™")

(Figure 2).

RPE and heart rate

Figure 3 presents the mean of RPE and HR during the 10
training sessions. In all training sessions, RPE and HR
were significantly greater (p <0.01) in the BFR group than
in the non-BFR group.

Hormones

Testosterone, GH, and cortisol data are presented in Table
2. GH levels increased in both groups but was substantially
greater in the BFR group, so the differences between the
two groups were significant at the first session (p = 0.02).
In favor to the BFR group, GH levels at the response to the
last training session increased non-significantly in both
groups. At the end of the protocol, increases in GH resting
levels were non-significant.

Table 1. Anaerobic and aerobic variables (pre and post training) for BFR and non-BFR groups. Data are means + SD.

BFR non-BFR Group difference
Variables Pre- Post- A Change Pre- Post- A Change Pvalue ES
training training (%) training training (%)
Aerobic tests (Treadmill)
VO;max (ml-kg'-min') 44.0+£5.7 487+53 11.1+4.1 37.1+£52 398+£6.6 6.8+3.7 0.11 0.22
vVO;max (km-h) 15.8+0.9 16.4+1.1 42+32 149+0.7 153£09 22+1.7 0.22 0.28
TTF (s) 259.8+154 2858+145 10.0£5.0 2442 +129 2535+114 39+£22 0.04# 0.76
0, Cost (L-min™) 023+£0.04 0.18£0.03 -22.7+10.3 020+0.02 0.19+£0.01 -42+11.31 0.01#  -1.32
Anaerobic tests (WANT)
Peak power (W-kg™) 10.0£1.5 11.2+1.8 12.7+7.9 10.6 = 1.0 11.1+1.1 48=£5.1 0.08 0.55
Average power (W-kg™) 7.0+0.5 7.8+0.4 122+6.7 72+0.5 7.4+0.5 1.7+6.4 0.03# 1.32
Minimum power (W-kg) 3.9+0.4 49£0.38 243+£17.0 39+0.8 41+06 72+114 0.09 0.86

BFR, blood flow restriction; TTF, run time to fatigue; ES, effect size. # Significant difference between groups (p < 0.05); * Significant difference within

group (p <0.05).
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Figure 3. Heart rate and Borg scale during all sessions. BFR, blood flow restriction.

The levels of testosterone and cortisol increased sig-
nificantly immediately after the first session and the last
session in both groups (p < 0.05) except cortisol at last ses-
sion, but the difference at testosterone level (p = 0.04, ES
= 0.37) and testosterone to cortisol ratio (p = 0.01, ES =
0.51) after the first session was significant between both
groups. Ten sessions of futsal training with and without
BFR did not change the resting levels of both hormones (p
> (0.05), although a slight increase was observed in the tes-
tosterone levels so that the resting testosterone to cortisol
ratio was significantly increased only in the BFR group (p
=0.01).

Discussion

The main aim of the study was to investigate the effects of
a 3-week SSG training combined with BFR on the aerobic
and anaerobic performance of futsal players. The findings
revealed that applying BFR increased the internal training

load (HR and RPE) and resulted in small additional but po-
tentially meaningful improvements in several aspects of
aerobic and anaerobic performance. There was a signifi-
cant increase in the serum levels of the GH and testosterone
and, cortisol immediately after SSG with and without BFR,
but 48 h after the last training session, no significant
changes were observed in their levels. However, increased
the testosterone to cortisol ratio was significant in the BFR
group.

The findings of this study showed that the physical
stress of a game with additional BFR was higher than a
game without BFR which supported by previous studies
(Amani-Shalamzari et al., 2019c; Park et al., 2010). It
wasprobably that the mean RPE and HR in the BFR group
was higher probably due to the lower oxygen delivery con-
ditions provided for active muscles while BFR (Tanimoto
etal., 2005). The RPE values reported during training with-
out BFR were partly light to somewhat hard, but when
played under BFR, the RPE values increased to hard and
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Table 2. Data of hormones in BFR and non-BFR groups. Data are means + SD.

Variables Group Baseline Acute 1 Acute 2 Adaptation
Growth hormone BFR 0.83£0.12 8.56 +3.17*# 2.53 £1.32% 1.10£0.36
(ng/mL) non-BFR 0.87 +0.05 3.92 +147* 1.68 £ 0.07* 0.89 +0.06
Testosterone BFR 5.52+0.67 8.55 £ 1.43*# 7.52 £ 0.96* 6.63+0.97
(ng/mL) non-BFR 4.75+0.73 6.08 + 1.29* 6.33 £ 0.58* 5.55+0.99
Cortisol BFR 108.83 £ 15.77 185.82 + 13.74* 156.83 +42.47* 112.80 +28.73
(ng/mL) non-BFR 109.27 +25.45 194.02 + 11.07* 153.48 +35.49 104.80 + 12.15
Ratio BFR 0.051 +0.006 0.046 + 0.007# 0.050 +0.011 0.061 +0.011*
(%) non-BFR 0.051 +0.01 0.032 £0.007* 0.044 +0.014 0.053 +0.010

BFR, blood flow restriction; baseline, before getting pre-testing; Acutel, immediately after first session; Acute 2, immedi-
ately after last session; adaptation, 48 h after last training session. * intragroup significant differences with Baseline at p <

0.05; # intergroup significant differences at p < 0.05.

very hard. The increased heart rate in the BFR group was
consistent with previous BFR studies (86% HRmax for
BFR group and 83% HRmax for non-BFR group) and was
likely due to a reduction in the stroke volume because of a
reduction in venous return (Takano et al., 2005a; Renzi et
al., 2010).

Following the first training session, there were sig-
nificantly greater blood lactate levels in the BFR group
compared to the non-BFR group. It seemed therefore that
BFR increased metabolic stress by impairing oxygen avail-
ability and thus more energy was derived from the anaero-
bic system with a resultant increase in blood lactate
(Teixeira et al., 2018). The higher lactate levels following
BFR were supported by the findings of previous studies
which reported that lactate was higher during resistance ex-
ercise in a BFR group than a non-BFR group (Takarada et
al., 2000; Teixeira et al., 2018). During the last training ses-
sion, decreased lactate levels were observed in both groups
but significantly more so in the BFR trained group. Train-
ing with BFR has previously been shown to improve onset
blood lactate accumulation (de Oliveira et al., 2016). In the
other hand, exercise training increases lactate removal by
increasing hepatic capacity for gluconeogenesis as well as
increasing lactate transport capacity and reducing gly-
cogenolysis in muscle (Stallknecht et al., 1998). Therefore,
it seemed that training with BFR facilitates muscular adap-
tations, leading to a greater lactate clearance and poten-
tially faster recovery of futsal players. The improved lac-
tate clearance may be also related to the elevated testos-
terone levels observed in the BFR group since previous re-
search has shown testosterone induces an increase in both
monocarboxylate transporter-1 (MCT1) and MCT4 pro-
teins and their cell membrane content in skeletal muscle
(Enoki et al., 2006).

During a 3-a-side game training, futsal players per-
formed numerous short sprints, and other high-intensity ac-
tivities continuously (Aguiar et al., 2013), so this format
led to improved anaerobic indices, PP, AP and MP in favor
of the BFR group. Of the measured anaerobic indexes in
our study, only the changes in AP differed significantly be-
tween the two groups, as the exposure of players to extreme
metabolic acidosis during the BFR training likely resulted
in increased lactate tolerance and ultimately the improved
AP in the Wingate test. An improvement in AP is important
for futsal players, because the lactic-anaerobic system is
the pre-dominant energy system used in futsal. Therefore,
BFR trained players can tolerate higher blood lactate and

perform more activities under high pressure in futsal.
Increases in VOomax occurred in both groups after
training with somewhat larger increases in the BFR group
but without any significant differences between groups.
The increase in VOzmax seen in both groups was similar to
the increases reported by Paton et al. (2017) following
eight sessions running of the treadmill at 80% of peak run-
ning velocity in BFR and control groups with only trivial
(ES = 0.18) differences between groups. Also, in another
similar study using repeated sessions of low-intensity cycle
training with and without BFR, (de Oliveira et al., 2016)
reported increases of 5.6 + 4.2% in the BFR group and 0.4
+ 4.7% in the non-BFR training group. It seems that the
intensity of exercise plays a role in the increase of VOamax.
Despite the similar increase in VOzmax and vVOomay in both
groups, RE and TTF only significantly increased in the
BFR group. In fact, the submaximal oxygen cost was re-
duced by ~22% and TTF increased by 7% in the BFR
group, while both variables in the non-BFR group re-
mained unchanged. It is possible that the, improvement in
TTF was related to an increased RE as a result of local mus-
cular adaptation. It was reported that increased red cell
mass and improved skeletal muscle buffer capacity were
involved in improving RE (Barnes and Kilding., 2015).
The results of this study showed elevated testosterone and
GH concentration may also be involved in improvement of
RE, because the GH-IGF-1 axis is involved in the physio-
logic elevation of hemoglobin (Burtscher et al., 2010), and
testosterone stimulates erythropoiesis by stimulating eryth-
ropoietin (Bachman et al., 2014), and also inducing an in-
crease in MCT1 and MCT4 protein (Enoki et al., 2006).
Consistent with the present research, it has previously been
reported that GH increases after exercise with BFR (Abe et
al., 2006). One of the potential enhancement mechanisms
associated with BFR for functional and physiological ad-
aptations is metabolic acidosis (Takarada et al., 2000; Pope
et al., 2013). The local accumulation of metabolites is im-
portant for endocrine activation because this can stimulate
hypothalamic-pituitary axis through activation of group III
and group IV afferent fibers (Pierce et al., 2006), and lead
to increased cortisol and GH. BFR reduced intramuscular
oxygen delivery (Tanimoto et al., 2005), and decreased ve-
nous clearance of metabolites (Inagaki et al., 2011) which
leads to increased metabolic acidosis; this situation creates
intracellular swelling promoting an anabolic response
(Loenneke et al., 2012). Another potential mechanism is
the additional pressure caused by BFR in contractile
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mechanics results in enhanced growth factor expression
(Pope et al., 2013). At the end of the protocol, the serum
GH levels were increased insignificantly in both groups.

In the present study, a significant increase in testos-
terone and the testosterone to cortisol ratio was observed at
the first session of work with BFR. Greater physiological
pressure with BFR increased the levels of cortisol. How-
ever, a greater increase in testosterone level caused a sig-
nificant increase in the ratio. One study reported no signif-
icant increases in testosterone levels following light re-
sistance exercise with BFR and attributed it to the low load
of exercise (Reeves et al., 2006). It is apparent that the in-
tensity of the game in this study was higher than used in
previous research. Therefore, the higher exercise load
likely produced a greater cortisol and testosterone re-
sponse. Also, studies have shown the high-intensity exer-
cises that producing lactate lead to stimulates testosterone
release from Leydig cells in the rat testis via increasing
cAMP production (Lin et al., 2001; Lu et al., 1997). So el-
evated lactate levels in the present study could be a reason
for the increased level of testosterone after exercise. At the
end of the training period, the testosterone levels increased
in both groups, and levels of cortisol remained constant.
Due to the greater increase in testosterone levels in the BFR
group, their ratio was increased. Therefore, the greater
pressure on the BFR training, with more overcompensation
during the recovery period, improved the observed aerobic
and anaerobic performances.

There are several limitations to this study. Firstly,
maybe one believes applying the pressurized cuffs during
the game which possibility would limit futsal activities, but
in practice, there was not any limitation to perform them.
Also, as the first research our goal was to accurately control
the pressure of cuff in order to having generalizability and
now, we can recommend players can use the higher cuff
pressures. Secondly, due to the number of players in the
team, the small sample size maybe effective on the ob-
served changes.

Conclusion

The efficiency of SSG is obvious in promoting simultane-
ous tactical and physical fitness in team sports (Amani-
Shalamzari et al., 2019b). Therefore, coaches are recom-
mended to add BFR to SSG to increase the internal training
load and provide substantial improvements in both aerobic
and anaerobic markers of performance. Applying BFR to
SSG training, also increase the internal load of training
elicits acute increases in GH and testosterone, and provides
additional benefits to promote the aerobic and anaerobic
performance.
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Key points

e Small-sided game with BFR leads to greater acute in-
creases in GH and testosterone than SSGs training
alone.

e Small-sided game while BFR result in removing lac-
tate faster than SSGs training alone.

e Small-sided game with BFR leads to greater increases
in performance than SSGs training alone.
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