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ABSTRACT

Introduction: Tabata training programs are characterized as high-intensity interval training. The compatibility of the
physiological load created by this exercise program on futsal players with the characteristics of futsal is still being debated. This study
aims to investigate the acute effect of Tabata training on heart rate and blood lactate accumulation in female futsal players.

Materials and methods: A total of 12 female athletes (age: 20.33+0.89 yrs.) participated in the study. Subjects performed 2 sets
(segments) of Tabata exercises, each of which consisted of 4 different movements of 20 seconds, with 10 seconds recovery intervals. The
heart rate (HR) and blood lactate (BLa) levels of the athletes were measured before (pre) and after (post) each set of Tabata workout.
Paired sample t-test was used to compare the difference in HR responses and BLa accumulation between the before-after of sets in
Tabata exercise. Significant level was defined as p <0.05.

Results: A significant difference was found between the mean HR pre and post both sets (P<0.01). Participants' exercise pre-
test heart rate values increased from approximately 60% to 95% of HRmax%. There was a significant difference in BLa (13.36+3.70,
16.64+3.04 mmol.l'; t=5.27; P<0.01) mean in the 2nd set but not in the Ist set (5.76+2.90; 7.514+4.42 mmol.l"'; t:-1.18; P>0.05). It
was observed that the increase in BLa (5.76+2.90; 16.64+3.04 mmol.l") of the 2nd set post-test values increased approximately three
times compared to the 1st set pre-test.

Conclusion: The metabolic load level it creates on the athlete shows that this workout method can be used to increase anaerobic
endurance and capacity.
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Introduction

Different training intensities and methods are
known to help improve physical fitness in athletes.
Cardio-respiratory endurance is one of the main
elements of physical fitness". Interval training
is one of the methods used in training loads. The
characteristic of interval training is the systematic
alternation of work and rest, or high and low load
circuits. High Intensity Interval Training (HIIT)

is a type of exercise that is getting more and more
popular these days. Tabata workouts are a type of
training that is a subcategory of HIIT. Tabata et
al.® compared 60 minutes of continuous moderate-
intensity training with 70% VO2Max consumption
with 170% VO2Max HIIT. The study consisted of
8 exercises with 20 seconds of maximal loading
followed by 10 seconds of active rest for a total of
4 minutes. This study showed that HIIT increased
aerobic capacity at similar levels to moderate-
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intensity continuous training, and also revealed
that it improved anaerobic capacity by 28%. These
results have led to the development of many different
types of HIIT programs“ ?. Previous studies have
emphasized the effect of different exercise protocols
on women's fitness. Bianco et al. revealed that
Indoor Cycling Protocol may be efficient for
losing weight and preventing the increased risk of
cardiovascular disease in young overweight women.

In addition, it was stated that it would be
appropriate to apply physical activity programs
according to the Tabata protocol by grouping school
students according to their physical fitness levels®.

Many different exercise methods for physical
fitness and health (Some examples are: funky,
zumba, fit box, cycling activities, calisthenics based
training, cross fit, suspension training, kettlebell
training, total body conditioning, core training, boot
camp, functional training, pilates, yoga, stretching)
have been subjects of interest to people. These
exercise methods are applied according to age,
gender and physical activity status for both fitness
and healthy life®. In addition to the fact that these
exercises are preferred for the purpose of feeling
good and protecting from various diseases, athletes
use them to increase their performance. Coaches use
these various methods in addition to the athletes'
regular training. In performance sports, especially
strength, endurance and speed motor skills are very
important. So Tabata, core, plyometric etc. high-
intensity training methods are included in training
plans in addition to regular training.

Many studies have been conducted on the
positive effects of high-intensity interval training
processes on the performance of athletes” ®. In
sports characterized by intermittent high-intensity
activities such as football and futsal, it has been
reported that players have significant contributions
to their performance®-'*- 112,

It is very important to know the acute
physiological effects that occur during the exercises
as well as the chronic effects of these training
types on the improvement in the performance of
the athletes. The lactate level continues to rise in
parallel with the workload. Although the blood
lactate threshold is accepted as 4 mmol/l, studies
have shown that there is a wide individual variation
in blood lactate threshold*-'¥. Anaerobic threshold
value is an important indicator of the degree of
aerobic capacity. The indicator of exercise intensity,
namely target heart rate, is very important in
determining the training intensity in the regulation of

training programs in athletes and writing an exercise
prescription in a healthy life!S: 161" For athletes,
training plans to be applied to improve anaerobic
metabolism with intermittent high-intensity loads
are very important. The most difficult part of these
plans is to set the loading-recovery time intervals
well. For this reason, most trainers and athletes have
recently preferred the Tabata training method. The
aim of this study was to reveal the heart rate and
blood lactate accumulation responses and the acute
effect in the loading-recovery phases of female futsal
players during Tabata exercises.

Materials and methods

Participants

Twelve female futsal players (age: 20.33+0.89
yrs., height: 16525+538 cm., body weight:
55.50+4.44 kg. and experience: 4.25+1.14yrs)
voluntarily participated in this study. This study
meets the guidelines of the Declaration of Helsinki.
Subjects were fully informed about the study design,
including information on the possible risks and
benefits. They all signed an informed consent form to
participate in the study. This study was approved by
The Sports Department Review Board at Nisantasi
University (ID: NU-BESYO-Md-2019/07/19) prior to
data collection.

Tabata exercise protocol

The modified Tabata protocol consisted of
two consecutive sets (segments), each lasting four
minutes, with a one-minute recovery interval. Each
set consisted of four different movements (Burpee,
Jumping Lunge, Jump Squat, Mountain Climber)
performed in two repetitions with a twenty-second
exercise ten-second active recovery interval®.

Measurements and data collection

Participants were measured for height (cm;
Seca wall-mounted stadiometer, Seca, Birmingham,
UK) and weight (kg; Tanita TBF-300A, Tanita
Corporation of America, Inc., Arlington Heights,
IL) in workout attire without shoes. The portable
heart rate monitor (bmp; Polar RS800cx; Kempele,
Finland) was used for monitoring before (HRpre-1;
HRpre-2) and after (HRpost-1; HRpost-2) both sets
of Tabata exercise.

The resting heart rate (HRrest) of the
participants was monitored in the sitting position for
5 minutes before the tests and warming up, and the
lowest heart rate was recorded. The maximal heart
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rate of the participants was calculated according to
the equation (HRmax=220 - age). To calculate the
exercise intensity, the ratio of the participants' pre-
test and post-test HR values to the maximal heart
rate was calculated with the following formula
(HRmax%=HR/HRmax “100).

Blood samples were taken from the finger for
determination of blood lactate concentration using
portable lactate test analyzer (mmol.l-1; Lactate
Scout, SensLab GmbH, Germany). Blood lactate
(BLa) concentration measurements were done in
arterialized capillary blood before (BLa-pre) and
after (BLa-post) the Tabata excercise.

Participants warmed up for ten minutes before
the Tabata exercise. Before the first set, heart rate (HR.
pre-1) and blood lactate (BLa.pre-1) measurements
were recorded. At the end of the first set, which lasted
four minutes, heart rate (HR .post-1) and blood lactate
(BLa.post-1) measurements were made and recorded.
At the end of the one-minute recovery interval, the
same measurements were repeated immediately
before and after the second set.

Data analysis

Data are expressed as and mean + SD. The
normal distribution of the data was checked using
the Shapiro Wilks test. After confirming normal
distribution, paired sample t-test was used to compare
the difference in HR responses and BLa accumulation
between the before-after of sets in Tabata exercise.
Significant level was defined as p <0.05. Effect size
(Cohen's d) was calculated to determine the practical
difference between variables. Effect size values of
0-0.19, 0.20-0.49, 0.50-0.79, and 0.8 and above were
considered to represent trivial, small, medium, and
large differences, respectively'®.

Results

A total of 12 female athletes participated in
the study (age: 20.33+0.89 yrs., height: 165.25+5.38
cm., body weight: 55.50+4.44 kg.and experi-
ence: 4.25+1.14yrs). HRrest and HRmax averag-
es of the participants, respectively; 55.00+4.31 and
199.67+0.89 bpm.

The heart rate and blood lactate responses are
presented in Table 1. In the interval given between
sets, it is seen that recovery occurs in terms of heart
rate, but the increase in blood lactate accumulation
continues. After both sets of Tabata exercise, we
found that the mean heart rate increased signifi-
cantly compared to the mean before the set (set-1;

pre-test: 122.75+6.73; post-test: 188.33+9.71 bpm;
t=-19.88; P<0.01), (set-2; pre-test: 128.08+5.89; post-
test: 194.75+4.33 bpm; t=-33.31, P<0.01).

Effect size was found to be large between the
pre-test and post-test mean scores of both sets (re-
spectively; 7.85; 12.90). When we examined the level
of this increase in heart rate as HRmax%, we saw
how the rate of Tabata exercises before the sets (re-
spectively; 61.48+3.42 %; 64.15+3.00 % of HRmax)
increased after the sets (94.33+4.98 %; 97.54+1.98 %
of HRmax). The effect size for HRmax% was large
(respectively; 7.69; 13.14). The blood lactate accumu-
lation showed an increasing trend during the Tabata
workout. The difference between the first set of pre-
test and post-test BLa mean scores was not signifi-
cant (respectively; 5.76+2.90; 7.51+4.42 mmol.I-1; t:-
1.18; P>0.05), but a significant difference was found
in the second set (13.36+3.70, 16.64+3.04 mmol.l-1,;
t=-5.27; P<0.01). For BLa accumulation, the effect
size was found to be medium for the first set and
large for the second set (respectively; 0.47; 0.97).

There was a significant difference between the
HRpre-tests of both sets (t=-3.31; P<0.01), but not
between the HRpost-tests (t=-2.20; P>0.05). On the
other hand, there was a significant difference be-
tween BLa.pre-tests (t=-6.11; P<0.01) and BLa.post-
tests (t=-6.95; P<0.01) of both sets.

Post-test
(meanzsd)

Pre-test

Variable Set | (meanzsd)

t P t P t P ES

First  [122.75+6.73 188.33+9.71 -19.88" [ 000 | 7.85-L
-3.31% | 007 -2.20 | 050

194.75+4 .33 -33.31" | .000 | 12.90-L

HR
(bpm)

Second | 128.08+5.89

First | 61.48+3.42 94.33+4.98 -19.86° [ 000 | 7.69-L
HRmax % -3.31% | 007 -2.21 | 050
Second | 64.15+3.00 97.54x1.98 -33.90° [ 000 | 13.14-L

First 5.76£2.90 7.51£4.42 -1.18 | 262 | 0.47-M
-6.11% | .000 -6.95%1 000
16.64+3.04 -5.27" | 000 [ 0.97-L

BLa
(Mmol.L™")
Second | 13.363.70

Table 1: Comparison and effect size analysis of
participants' heart rate and blood lactate responses in
Tabata workouts.

HR: heart rate, HRmax%: percentage of maximal heart rate,
BLa: blood lactate, pre-test: test before the sets, post-test:test
after the sets, ES: effect size Cohen’s D.

Discussion and conclusion

The results of this research showed that Tabata
workouts created a sub-maximal and near-maximal
workload on female futsal players. An increasing
HR and BLa physiological responses emerged
under the influence of loading. Although partially
fluctuating changes were observed in the HR
responses of intermittent loading, it was observed
that the increase in BLa was not affected by the
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short recovery intervals. The results of this research
showed that Tabata workouts created a sub-maximal
and maximal workload on female futsal players.
An increasing HR and BLa physiological responses
emerged under the influence of loading. Although
partially fluctuating changes were observed in
the HR responses of intermittent loading, it was
observed that the BLa increase was not affected by
the short recovery intervals.

Since sports such as football and futsal use
mixed energy sources, training planning is quite
difficult. For this reason, many studies have been
conducted on the acute and chronic effects of widely
used Tabata training!"”. After the first study®, which
showed that it can be used to increase aerobic and
anaerobic capacity, the acute effect of requiring high
metabolic demand was also revealed®. Besides,
Viana, et al.'” in his review study on Tabata training,
reported that studies that deviated from the original
protocol for various reasons produced very different
and unrealistic results.

Karahan(10) reported that 8-weeks skill-
based maximal intensity interval training improved
female futsal players' average anaerobic power,
fatigue index and VO2max (10.7%, 22.1% and 9.6%
(p<0.05), respectively).

Nascimento et al®? stated that repetitive sprint
training lasting 2 days a week for 4-weeks improved
the repetitive sprint ability (RSA) of young futsal
players, especially the experimental group's "peak
velocity (ES=0.71)", "speed at heart rate deflection".
(ES =0.83)" and "the peak blood lactate concentration
in the repeated maximal sprint test (ES=1.00)".

In studies on the acute effect of Tabata exercises
performed in accordance with the original protocol, it
was reported that the change in oxygen volume (VO2)
of %VO2max ranged from approximately 43%
to 71%%>. However, Tabata et al.?” reported that
subjects achieved values corresponding to 96.5% of
the VO2max. The blood lactate and heart rate ranged
from 6.4 mmol/1®® to 16.3 mmol/I?¥, approximately
149 bpm®? to 162 bpm™®, respectively. Thus, Viana,
et al."”, despite the inconsistencies in the results of
the chronic and acute effects of Tabata training, the
merit of the Tabata Protocol is in its time efficiency
more than in its superiority in comparison with
traditional protocols.

Thus, knowing the physiological acute effect
of Tabata training method, which is frequently
used to develop the conditional features needed by
performance athletes, is very important in terms
of regulating the training load of the coaches. This

study, limited to the participation of female futsal
players, will provide coaches and athletes with
information about this method.

These results indicate that supplemental
interval training sessions can replicate the metabolic
demands of the sport and suggest to futsal players
and conditioning specialists that interval training
designed to increase lactate levels can be effective
and should be a part of their comprehensive training
programs.
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