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Abstract The aim of this study is to investigate the
effectiveness of a specific 12-week HIIT methodology for
improving aerobic and anaerobic performance in a group of
young basketball players. Twenty-two (n=22) players
participated in the study. (age 19.1 + 1.1; height: 185 + 5.2;
body mass: 70.9 + 6.0). In the pre-season (4 weeks, from
July to August), the players performed Pizzolato’s
7-minutes test, to evaluate aerobic and anaerobic
performance before the start of the season. After 12 weeks
of training (in-season), using the Tabata training
methodology, the same players repeated Pizzolato's
7-minutes test to look for improvements in performance
and evaluate if the distance covered during the test is better,
equal, or worse compared to the pre-season. After 12
weeks of training, in the experimental group we found a
significant increase in the values of VO,max (p = 0.02) and
SAN (p = 0.01) and a significant decrease in the values of
HRmax (p = 0.00), such as to be able to attribute them, with
a margin of error of 5%, to the benefits produced by a
twelve-week mesocycle based on HIT principles. No
differences between groups were found in the control
group. The effectiveness of specific High Intensity Interval
Training has been revealed in improving aerobic
performance in young basketball players.

Keywords Aerobic Fitness, Field Tests, Young
Players, High Intensity Interval Training

1. Introduction

The modern basketball player must possess special
physical qualities for effective game development. A
characteristic of this sport is the continuous repetition of
such efforts, under the pressure of one or more opponents,
and with very short recovery times [5, 31]. From a
physiological-biomechanical point of view, basketball is
classified among the sports activities with alternating
aerobic-anaerobic energy commitment, with district
demands of medium to high strength and endurance.
Specific technical, coordinative, and psychological
qualities are also important [27]. In basketball, moments of
mainly aerobic commitment (running at low speed,
walking, recoveries, and game breaks) alternate with others
with anaerobic commitment of the alactic type (running
strokes, jumps, sprints, accelerations, changes of direction
and speed). Perhaps, even a lactic component in the
performance should not be overlooked [2, 4]. Like all team
sports, it too requires the realization of a series of
intermittent efforts, or the alternation of short sprints and
jumps with active or passive pauses [25]. It is characterized
by a heart rate (HR) that has a range between 80% and 95%
of HRmax and a percentage of VO,max between 70% and
80%. Finally, the game/pause ratio is 1: 1 and, more
frequently, the actions take place around 20-40 seconds [12,
18].

Taking this information into account, the main goal of
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the coach in planning and periodizing training must be to
obtain the maximum athletic form in his players. The “peak
form” represents the synthesis, at the highest level, of the
motor,  energetic, technical, and psychological
potentialities that an athlete can reach based on his starting
level [13]. According to Bompa [10], peak conditioning is
essential to achieving optimal athletic performance. The
physical demands of different sports vary significantly.
Therefore, the athlete who wishes to specialize or excel in a
single sport should follow a sport-specific exercise
prescription. Among the wvarious valid training
methodologies present in the literature, this study focuses
its attention on the potential of High Intensity Interval
Training (HIIT) for the need to modify some physiological
characteristics in athletes. HIIT is an advanced form of
Interval Training that involves alternating periods of short
and intense anaerobic exercise and less intense periods of
active recovery. It also consists in the variation of the heart
rate through a continuous passage from moderate to high
frequencies and vice versa during the same exercise [7].
This type of recovery favours high intensity anaerobic
performance because it allows to dispose of part of the
accumulated lactate. It is a form of mixed cardiovascular
training compared to the more popular moderate intensity,
constant heart rate aerobic training, Steady State Training
(SST). It is useful as a strategy for weight loss and the
improvement of cardiovascular capacity [3]. The average
time it takes to complete a work session can be around 20
minutes or less and can help improve cardiovascular
capacity and reduce body fat like or more than classic
moderate-intensity aerobic activity [19]. The intensities
usually used in the active recovery phase amount to about
60%, while the peak intensities reach average levels
between 85 and 90% of maximum heart rate (HRmax). The
intensity parameter can be measured through different
methods, and in scientific research the percentage of
maximum oxygen consumption (VO,max) is more
commonly used to establish it [20, 23]. One of the most
interesting aspects is that High Intensity Interval Training
can produce the same physiological benefits as Steady
State Training, even if the duration of the session is more
than half less. Recent studies have shown the positive
impact of High intensity Interval Training on the aerobic
performance of team sports athletes. Delextrat et al. [14],
found a similar increase in maximum aerobic performance
among teenage basketball players after adding 12 HIT
sessions to training during the season. The study by Eather,
et al. [15], showed significant improvements in aerobic
performance after implementing specific high-intensity
training with various changes of direction in basketball
players. From the literature review it is possible to identify
the main problem of our research: there are several training
methodologies that fall under the HIIT method, but only
some of them have been tested as efficient in basketball,
unlike how it happens in other team sports. The purpose of
this study is to demonstrate that introducing a specific HIT
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training methodology into the training practice of amateur
basketball players will help improve both aerobic power
and anaerobic capacity at the same time.

2. Materials and Methods

2.1. Participants

Twenty-two (n=22) young amateur basketball players
participated in this study (age: 19.1+1.1; height: 185+5.2;
body mass: 70.9+6.0; fat mass: 18.1+4.8). To be included
in the study, subjects had to 1) ensure regular participation
in all the training sessions, 2) have competed regularly
during the previous competitive season, and 3) possess
medical clearance. Prior to joining the study, participants
were briefed on the study objectives and procedures and
provided written informed consent prior to the testing
procedure. The study protocol complied with the World
Medical Association's code of ethics (Declaration of
Helsinki). The basketball team trained for about 1 hour
three times a week (always Monday, Wednesday, and
Friday) plus the official match played on Saturday or
Sunday. The study was conducted during the 2019-2020
competitive season (from July to October).

2.2. Study Design

The study was conducted during a mesocycle of the
competitive season. It included three weekly training
sessions (each lasting two hours) for a total duration of
twelve weeks. In addition to team training, the players
played one match per week. Eleven players (experimental
group) integrated a basketball specific HIIT program into
their weekly training, while the other 11 players served as
a control group and continued their traditional training
routine. The players were distributed in each group
evenly.

The workouts began with a specific twenty-minute
warm-up. Subsequently, the experimental group had to
perform specific high-intensity training, while the control
group conducted an intensive transition exercises or a
specific situational game. This differentiated part of the
training was then followed by technical and tactical
exercises and a final match at the end of each session,
identical for both groups. Overall, both groups spent the
same amount of time on the training practice. In a first
phase of evaluation, before carrying out the differentiated
training mesocycle, the initial values of VO,max and
anaerobic threshold (SAN) were measured in all the
players by means of the Pizzolato’s 7-minutes test.
Péronnet has shown that this test is based on this specific
time lapse because, close to the maximum oxygen
consumption, an athlete is able to maintain the effort for
about seven minutes [28]. Therefore, the maximum
aerobic speed can be kept for a period between 5 and 9
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minutes and the VO,max value can be extrapolated from
this. This test allows to indirectly measure the values of
VO,max and SAN, detecting the maximum distance that
an athlete can cover in seven minutes, at maximum speed.
The test can be considered reliable if the speed is kept
constant for the duration of the effort. Tanaka's formula
was then used to calculate HRmax. It consisted in
applying the following formula: 208 - (product between
0.7 and the age expressed in years). Following the
application of the test (pre-test), the players carried out a
twelve-weeks differentiated training mesocycle. Among
the various HIIT training methodologies, the preparation
mesocycle, which the control group performed, was based
on the Tabata protocol, which proved to be very effective
in several team sports [16, 22]. This protocol was created
with the aim of improving the aerobic and anaerobic
characteristics beyond the threshold (anaerobic). It
consists of performing seven or eight repetitions at
maximum intensity, alternating with ten seconds of
passive recovery. The series lasts approximately four
minutes (240 sec). Requires an intensity of approximately
170% of VO,max for the duration of the session. Given
the intensity of the Tabata protocol, it is necessary to
finish the workout with a cool down of at least 10-15
minutes. The main feature of the Tabata protocol is also to
increase the heart rate (HR) until reaching the maximum
sustainable levels, making full use of both aerobic and
anaerobic metabolism [21]. Through short breaks, which
allow to recover and, only partially, to dispose of the
lactic acid produced and accumulated, the Tabata protocol
allows to remain at the highest levels of intensity, or
almost, for a long period of time, up to performing the
eight repetitions. In a short time, the Tabata protocol
induces a high oxygen debt that lasts until the end of the
workout. It includes exercises like push-ups, split squats,
box jumps, burpees, jumping rope, jumping jacks and
more (figure 1).

Minute 1 Minute 2 Minute 3 Minute 4
Segment1  High Knee Run  Plank Punch  Jumping Jacks  Side Skaters
Segment 2 Jump Rope [n/Out Boat Line Jumps Push-Ups
Segment 3 Burpees Russian Twists Squats Lunges
Segment 4 Mt. Climbers Push-Ups Split Squat Box Jump
Figure 1. Tabata workout Protocol

This training program, lasting about 20 minutes, was
repeated three times a week for a total of 12 weeks. The
duration of this type of work is not accidental. In fact, it
has been scientifically established that only after this
period it is possible to find significant improvements in
VO,max, HRmax and anaerobic threshold. At the end of
the twelve weeks of training, Pizzolato’s 7-minutes test

was performed again to measure VO,max and SAN values.

Tanaka formula was used to derive the HRmax.
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2.3 Statistical Analysis

The results are presented as the mean and standard
deviation. The normality of the distribution with the
Shapiro Wilk test was determined. Paired difference t-test
was used to combine the results obtained from the tests
before the start of the specific training mesocycle, and at
the end of it, after twelve weeks. The analyses were
performed with 95% confidence interval and p<0.05. The
statistical analyses were performed with SPSS Statistics
version 23.

3. Results
Experimental Group
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Figure 2. Results of Experimental group

Control Group
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Figure 3. Results of Control Group

Table 1 shows the mean and SD of the distance traveled
(m) in the Pizzolato's 7-minutes test performed in the
pre-season, and the values of the VO,max, HRmax and
Anaerobic Threshold (SAN) for the experimental and
control group. Table 2 shows the same results performed
after the 12-week differentiated specific training
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(in-season). Table 3 and Table 4 show the statistical
analyzes of the independent and dependent variables,
respectively, obtained using a paired t-test for the
experimental and control group. From the data analysis it
emerged that the experimental group recorded an
extremely significant correlation in the parameters of
distance, VO,max, HRmax and SAN (figure 2). This
allows to establish, according to what is the objective of
our study, that the differences between the data acquired
before and after the training methodology are so
significant that they can be attributed to the methodology
itself. In fact, we found an important significance in the
increase of VO,max and SAN values, and in the decrease
in HRmax values, such that they can be attributed, with a
margin of error of 5%, to the benefits produced by a
twelve-week mesocycle based on High Intensity Interval
Training's principles. As for the control group, the
correlation shows a slight improvement of the three
parameters but, in this case, the correlation is not
significant (Figure 3).

Increase the Performance Level of Young Basketball Players through the Use of High Intensity Interval Training

Table 1. Test results obtained from the experimental group and the
control group performed in pre-season.

Pizzolato’s Experimental group Control group
7-minutes test Mean SD Mean SD
Distance (m) 1265.2 8.11 1240 9.07
VO,max
(ml/Kg/min) 36.9 111 35.8 1.09
HRmax (bpm) 189.99 3.26 190.5 2.52
SAN (km/h) 10.21 0.31 10.03 0.32

Table 2. Test results obtained from the experimental group and the
control group performed in-season (after 12 weeks)

Pizzolato’s Experimental group Control group
7-minutes test Mean SD Mean SD
Distance (m) 1347.7 9.15 1257.3 8.23
VO,max
(mi/Kg/min) 39.2 281 36.2 1.87
HRmax (bpm) 185.1 4.07 189.9 3.60
SAN (km/h) 10.89 0.78 10.59 0.16

Table 3. Results of the statistical analysis based on the use of the paired differences t-test for the data of the experimental group.
Paired Differences
5 -
N 95% Confldz_ence Interval of t df Sign. (Two-tailed)
Mean Std. Deviation |Std. Error Mean the Difference
Lower Upper
VO;max pre-season — | g4 1o 1.96 3.96 1.70 2.05 324 | 10 0.02
VO,max in-season
Distance pre-season — | 43 4 8.63 1,22 1.78 217 27 | 10 0.01
Distance in-season
SAN pre-season - 10.55 0.54 0.30 1.78 217 274 | 10 0.01
SAN in-season
HRmax pre-season — | g7 5 3.66 12.9 1.73 2.10 300 | 10 0.00
HRmax in-season

Table 4. Results of the statistical analysis based on the use of the paired differences t-test for the data of the control group.

Paired Differences

- .
95% Confldgnce Interval of t df Sign. (Two-tailed)
Mean Std. Deviation |Std. Error Mean the Difference
Lower Upper
VOemax pre-season — | - ¢ /o 8.65 121 175 213 027 | 10 0.78
VO,max in-season
Distance pre-season — | 1) g 8.12 234 181 222 154 | 10 0.15
Distance in-season
SAN pre-season - 10.22 0.24 121 179 2.20 087 | 10 0.39
SAN in-season
HRmax pre-season — | o) 3.06 1.34 0.26 052 064 | 10 0.52
HRmax in-season
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4. Discussion

We have shown that these sport-specific HIIT sessions
can be applied to increase the aerobic and anaerobic
performance of basketball players, with no adverse effects
on power-related performance.

Implementing basketball-specific high-intensity training
is time-efficient for two reasons. One reason is the shorter
time required compared to high-volume resistance training;
the other reason is the integration of technical skills into
high intensity training [26]. The exercises were carried out
at high intensity, allowing each player to rest even for a few
seconds. To set up an adequate metabolic stimulus, it is
important to exercise 90-95% of the individual maximum
heart rate without recovery within intervals [33]. The
exercises conducted by the experimental group were
designed to ensure a continuous load for the set time
interval (respectively 4 min and 30 s). Based on our results,
a basketball specific HIIT, with short and long intervals,
can be conducted to improve aerobic performance in young
players.

The results of this study are consistent with those of the
literature, which state that a well-structured high-intensity
training brings significant benefits to the physiological and
morpho-functional characteristics of the athlete, in less
time than continuous training [1, 9, 30]. The Tabata
protocol has been confirmed as an effective workout to
simultaneously increase both aerobic power (by increasing
the anaerobic threshold) and anaerobic capacity (such as,
for example, lactic power and lactate tolerance) [6]. Other
studies previously conducted on the Tabata protocol have
shown how this methodology can confer non-negligible
benefits on the body's physical abilities in just 12 weeks
(42 days, or almost 1 month and a half) [24, 29]. The
improvements observed concerned both aerobic capacity
(with the increase in maximum oxygen consumption), and
anaerobic capacity, (increasing the ability to tolerate
oxygen debt). These studies show how physical activity at
maximal or sub-maximal intensity can improve some
components of aerobic capacity more than low and
medium intensity aerobic activity itself, although some
consider the opposite still valid [8, 17]. Furthermore, our
results are consistent with those of a recent meta-analysis
[32], which shows how High Intensity Interval Training
can increase VO, max from 4.2% to 13.4%. The
adaptations are mainly peripheral and concern the
oxidative potential of the muscle [11]. Some limitations of
this study design must be considered. The first of these
relates the small number of participants who took part in
the study. The second, on the other hand, concerns the lack
of the possibility of using expensive and sophisticated
equipment to directly measure the values of VO,max and
SAN. In a functional evaluation conducted in the field, as
in our case, indirect tests were used to collect information
on some characteristics of the players that cannot be
measured directly outside the laboratories. Obviously,
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these indirect tests could, for example, not ensure the same
accuracy in the measurement compared to the analysis of
exhaled gases at the end of an incremental test.

Finally, to further highlight in other studies the
enormous benefits provided by a HIIT training mesocycle,
it would be interesting to be able to measure the values of
VO,max, SAN and HRmax throughout the season.
Therefore, the benefits obtained after a high intensity
Interval Training macrocycle could be compared with
those of the mesocycle measured in this study. In fact, apart
from the knowledge of the effectiveness of HIT in
improving the fitness of athletes, little is known about the
long-term impact on potential training adaptations
following the implementation of HIT in basketball
practice.

5. Conclusions

Our results suggest that through a twelve-weeks training
mesocycle based on the High Intensity Interval Training’s
principles, we can positively condition the physical and
physiological development of our players, in such a way as
to provide them with the opportunity to express the highest
level of performance in the game of basketball. Therefore,
it is possible to train players with HIIT sessions, preceded
by a Steady State Training mesocycle, to obtain much more
significant results in less time.
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