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ABSTRACT

The game of basketball is characterized by short and intense bouts of
activity at medium to high frequency. Basketball entails specific types of
movements, physiological requirements and energy sources. The duration of
physiological responses involving ATP, CP and glycolysis responses to this type of
activity is 5-6 seconds for a single sprint, and a contribution of the aerobic system
is of less than 10%. Recovery periods in basketball, as a rule, are not long enough
to fill the gap for such high intensity activities. It is hard to achieve the same level
of performance consistently over time in repeated sprints. This means that
basketball players need great athletic ability in order to demonstrate speed,
strength and power required to produce a successful performance most
proficiently. Therefore, tests are needed to help coaches to monitor their players
and ensure that they have the physiological capacity required for the game. The
aim of fitness tests is to assess the condition of athletes in terms of each fitness
component, in order to determine what needs to be improved through the training
program and to conduct retests at set times to assess whether their condition has
changed. The literature offers a number of widely used tests to measure aerobic
and anaerobic fitness. This article reviews the physiological demands of basketball
and analyzes the field tests commonly used at present. The article emphasizes the
need for a specific test that will serve coaches and physical fitness trainers in
monitoring their players.

This study aimed at developing and validating an innovative field test for
measuring the aerobic capacity of basketball players during games. Such capacity
is necessary for recovering from high frequency anaerobic actions such as sprinting
and continuing to perform well. To recover, the body must rebuild its creatine
phosphate reserve and emit accumulated phosphate in very short periods of time.
The participants included 21 male basketball players on an elite youth league in
Israel, aged 16.4 years on average. In addition to participating in the proposed test
(Yo-Yo Recovery Test for Basketball Players) twice (test/re-test), the players also
performed three previously validated tests (Bruce Protocol Stress Test, Yo-Yo
Intermittent Recovery Level 1 Test, and Yo-Yo Endurance Test). For each test, the

players’ time and distance covered were documented, as were their maximum
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oxygen consumption and heart rate during recovery, and their perceived level of
exertion. Our findings indicate the validity and reliability of the proposed aerobic
field test for basketball players. Moreover, the test requires shorter times and
distances for obtaining results than the other three tests. As such, this tool could be
highly beneficial for basketball coaches in creating optimal training programs and

game plans for each individual player and for the entire team.

When playing basketball, athletes must optimally perform repeated short
sprints with minimal recovery time, requiring both anaerobic and aerobic abilities,
including high VOamax. Yet differences have been seen between young male and
female basketball players in this measure. The aim of this quantitative study was
to examine differences in players” VO 2max by gender, age group, and relative age
effect (RAE) using the novel Yo-Yo Recovery Test for Basketball Players. The study
included 438 young basketball players, male and female, from a range of Israeli
leagues, who were divided into three categories: under-14, under-16, and under-
18. To assess RAE, the participants in each category were divided into three
trimesters of four months, based on their date of birth. The participants” VOzmax was
assessed using the novel aerobic test. In this study, we hypothesized that male
players will exhibit greater aerobic capacity than female players of the same age
and that older players will exhibit greater aerobic capacity than younger ones. Our
findings supported these hypotheses, as male players presented better physical
fitness results than female players in all age categories. Moreover, female players
in the under-18 category presented better results than those in the underl4
category, but not more than those in the under-16. Differences in the relative age
effect on performance were seen between the genders and within the female
participants. While the male participants presented a steady improvement with
age, the results of the girls showed a different pattern. The findings are presented
in an achievement table that presents the expected physical fitness results by age
and gender, for the benefit of basketball coaches and fitness trainers when assessing

their players’ aerobic capacity.
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RESUMEN

El juego de baloncesto se caracteriza por periodos de actividad cortos e
intensos con una frecuencia media/ alta. El baloncesto implica tipos
especificos de movimientos, requisitos fisioldgicos y fuentes de energia. La
duracion de las respuestas fisiologicas que implican respuestas de ATP, CP 'y
glucdlisis a este tipo de actividad es de 5-6 segundos para un solo sprint, y la
contribucién del sistema aerdbico es inferior al 10%. Los periodos de
recuperacion en el baloncesto, por regla general, no son lo suficientemente
largos para llenar el vacio de actividades de tan alta intensidad. Es dificil
lograr el mismo nivel de rendimiento de forma constante a lo largo del
tiempo en sprints repetidos. Esto significa que los jugadores de baloncesto
necesitan una gran capacidad atlética para demostrar la velocidad, la fuerza
y la potencia necesarias para producir una actuacion exitosa de la manera
mas competente. Por lo tanto, se necesitan pruebas que ayuden a los
entrenadores a monitorear a sus jugadores y asegurarse de que tengan la
capacidad fisioldgica requerida para el juego. El objetivo de las pruebas de
condicion fisica es evaluar la condicion de los atletas en términos de cada
componente de condicion fisica, para determinar qué se debe mejorar a través
del programa de entrenamiento y realizar nuevas pruebas en momentos
establecidos para evaluar si su condicion ha cambiado. La literatura ofrece
una serie de pruebas ampliamente utilizadas para medir la aptitud aerobica
y anaerdbica. Este articulo repasa las demandas fisiologicas del baloncesto y
analiza las pruebas de campo mas utilizadas en la actualidad. El articulo
destaca la necesidad de un test especifico que sirva a los entrenadores y
preparadores fisicos en el seguimiento de sus jugadores. Este estudio tuvo
como objetivo desarrollar y validar una prueba de campo innovadora para
medir la capacidad aerobica de los jugadores de baloncesto durante los
partidos. Tal capacidad es necesaria para recuperarse de acciones anaerdbicas
de alta frecuencia como correr y continuar con un buen desempefio. Para

recuperarse, el cuerpo debe reconstruir su reserva de fosfato de creatina y
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emitir fosfato acumulado en periodos de tiempo muy cortos. Los
participantes incluyeron a 21 jugadores de baloncesto masculinos en una liga
juvenil de élite en Israel, con una edad promedio de 16,4 afios. Ademas de
participar en la prueba propuesta (Yo-Yo Recovery Test for Basketball
Players) dos veces (test/re-test), los jugadores también realizaron tres pruebas
previamente validadas (Bruce Protocol Stress Test, Yo-Yo Intermittent
Recovery Level 1 Test, y Yo-Yo Test de Resistencia). Para cada prueba, se
documentaron el tiempo y la distancia recorrida por los jugadores, asi como
su consumo maximo de oxigeno y frecuencia cardiaca durante la
recuperacion, y su nivel de esfuerzo percibido. Nuestros hallazgos indican la
validez y confiabilidad de la prueba de campo aerdbico propuesta para
jugadores de baloncesto. Ademas, la prueba requiere tiempos y distancias
mas cortas para obtener resultados que las otras tres pruebas. Como tal, esta
herramienta podria ser muy beneficiosa para los entrenadores de baloncesto
en la creacion de programas de entrenamiento y planes de juego dptimos

para cada jugador individual y para todo el equipo.

Al jugar baloncesto, los jugadores deben realizar de manera dptima sprints
cortos repetidos con un tiempo de recuperaciéon minimo, lo que requiere
habilidades tanto anaerdbicas como aerdbicas, incluido un alto VOzmax. Sin
embargo, se han observado diferencias entre los jovenes jugadores de
baloncesto masculinos y femeninos en esta medida. El objetivo de este
estudio cuantitativo fue examinar las diferencias en el VOzmax de los jugadores
por sexo, grupo de edad y efecto relativo de la edad (RAE) utilizando la
novedosa prueba de recuperacién Yo-Yo para jugadores de baloncesto. El
estudio incluy6 a 438 jovenes jugadores de baloncesto, hombres y mujeres,
de una variedad de ligas israelies, que se dividieron en tres categorias: sub-
14, sub-16 y sub-18. Para evaluar la RAE, los participantes de cada categoria
se dividieron en tres trimestres de cuatro meses, segin su fecha de
nacimiento. El VO:max de los participantes se evalué mediante la nueva
prueba aerdbica. En este estudio, planteamos la hipotesis de que los
jugadores masculinos exhibirdn una mayor capacidad aerdbica que las
jugadoras de la misma edad y que los jugadores mayores exhibirdn una
mayor capacidad aerdbica que los mas jovenes. Nuestros Los hallazgos

respaldaron estas hipotesis, ya que los jugadores masculinos presentaron
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mejores resultados de aptitud fisica que las jugadoras en todas las categorias
de edad. Ademas, las jugadoras de la categoria sub-18 presentaron mejores
resultados que las de la sub-14, pero no mas que las de la sub-16. Se
observaron diferencias en el efecto de la edad relativa sobre el rendimiento
entre los géneros y dentro de las participantes femeninas. Mientras que los
participantes masculinos presentaron una mejora constante con la edad, los
resultados de las chicas mostraron un patron diferente. Los hallazgos se
presentan en una tabla de logros que presenta los resultados de aptitud fisica
esperados por edad y género, para beneficio de los entrenadores de
baloncesto y preparadores fisicos al momento de evaluar la capacidad

aerdbica de sus jugadores.

KEY WORDS

Aerobic, Anaerobic, Basketball players, Explosive, Fitness field test, Gender
Maximal aerobic capacity, Performance analysis of sport, Relative Age Effect, Yo-

Yo recovery 1Test.
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1 INTRODUCTION

The game of basketball is characterized by short and intense bouts of
activity at medium to high frequency (Meckel and Gottlieb, 2009; Meckel et al.,
2009). Such activity requires aerobic and anaerobic capabilities, both of which
impact anaerobic performance (Gottlieb et al., 2014). The ability to continuously
perform intermittent high-intensity actions throughout the game is crucial for
basketball players (Ben Abdelkrim et al., 2007). Thus, higher aerobic capacity has
been found to be essential for basketball players’” performance in games and in

practice, in order to recover faster (Castagna et al., 2008).

Besides, basketball includes high-intensity movements lasting less than 6 s
and moderate-intensity exercise of up to 60 s (Stolen et al., 2005). The duration of
physiological responses involving ATP, CP and glycolysis responses to this type of
activity is 5-6 s for a single sprint, and a contribution of the aerobic system is of less
than 10% (Delextrat et al., 2008). During recovery from intense activity, when CP
must be replenished, blood lactate concentration is used as a source of energy and
phosphates accumulated in the cells are removed (Wragg et al., 2000). For example,
in basketball short recovery periods do not last long enough to fill the gap for such
high-intensity activities. Thus, the ability of basketball players to continue to play
well over time depends on rebuilding CP storage and removing waste products —
both of which are functions of the aerobic system (Glaister, 2005). Basketball is one
of the fastest team sports, and is characterized by exceptional movements such as
sprints, changes of direction, dunks, rebounds and blocked shots (Gottlieb et al.,
2014). This means that basketball players need great athletic ability in order to most
proficiently demonstrate speed, strength and power required to produce a

successful basketball performance (Delextrat and Cohen, 2008).

The game of basketball has undergone radical changes in the past decade.
Coaches believe that the rule changes in May 2000 (Meckel and Gottlieb, 2009) that
shortened offensive attack time from 30 to 24 s and the time allowed to cross the
median line from 10 to 8 s, as well as subdividing play time into four 10-min
quarters instead of two 20-min halves, modified the tactical and physical demands
of the game. Basketball players have been found to cover about 4500-5000 m during


https://www.frontiersin.org/articles/10.3389/fphys.2016.00133/full#B9
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a 48-min game (Crisafulli et al., 2002), and spend only 34.1% of the time playing,
56.8% walking, and 9.0% standing (Narazaki et al., 2009). Thus, identifying the
physiological requirements of modern basketball is essential in order to develop

and prescribe an appropriate physical training program (Abdelkrim et al., 2007).
Many of the key actions performed by basketball players in a game are based

on horizontal movements (sprints and changes of direction), vertical movements
(jump shots and rebounds) and combinations of movements within both of these
planes, mainly when penetrating to the basket and blocking a shot (Meckel and
Gottlieb, 2009; Meckel et al., 2009). These high-intensity movements are usually
performed intermittently throughout the game (Gottlieb et al., 2014).

Furthermore, it is a sport that requires a complex combination of
individual technical skills, team strategies, tactics and psychological and
motivational aspects. In the recent years, there has been a clear increase
in the physical demand of the competition due to changes in regulations
and tactical evolution of the game These changes include a decrease on
(Abdelkrim et al., 2010). The available time to attack the basket from 30 to
24 s, a reduction in the time spent on the backcourt from 10 to 8 s as well
as a different subdivision of the game into four 10 min quarters instead
of two 20 min halves (Crisafulli et al., 2002).

A field test for basketball players is a performance evaluation designed to assess
an athlete's basketball skills and physical fitness (Petway et al., 2020). It typically
involves a variety of exercises and drills that simulate game situations and test an
athlete's speed, agility, endurance, strength, and overall athleticism. These tests are
used by coaches and scouts at all levels, from youth leagues to professional teams,
to identify players who have the potential to excel on the court (Abdelkrim, 2010).
The results of the field test can help coaches and scouts make informed decisions
about which players to recruit or select for their teams. Basketball field tests can
vary depending on the level of competition and the specific needs of the team or

coach. Some common drills and exercises used in basketball field tests include:
v" Shooting drills: This involves testing an athlete's accuracy and

consistency in shooting the ball from various spots on the court
(Pojski¢, 2011).
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v" Dribbling drills: This evaluates an athlete's ball handling skills,
ability to change direction quickly, and control of the ball under
pressure (Santos, 2020).

v" Defensive drills: This measures an athlete's ability to stay in front of

their opponent, block shots, and steal the ball.

Conditioning tests: This assesses an athlete's endurance and fitness

level through exercises such as running, jumping, and sprinting.

v Agility drills: This evaluates an athlete's ability to move quickly and
change direction on the court, such as performing shuttle runs and
lateral jumps (Sekulic, 2017).

Vertical jump tests: This measures an athlete's explosive power and
jumping ability, which are essential for rebounds and blocking shots
(Meylan, 2009).

Speed and acceleration tests: This assesses an athlete's ability to sprint

and accelerate quickly on the court.

Basketball field tests are an important tool for coaches and scouts to
identify talented players and assess their potential to succeed at different
levels of competition. However, it's important to note that these tests are just
one piece of the puzzle, and that other factors such as game performance,
character, and attitude should also be considered when evaluating players
for a team (Gottlieb, 2020).

Another important aspect of basketball field tests is injury prevention.
Coaches and trainers may use these tests to identify any physical limitations
or imbalances that could increase an athlete's risk of injury, and then develop

an individualized training program to address these issues (Alexander, 2016).

By conducting regular tests, coaches and trainers can track an athlete's
physical development and identify areas of improvement. This can help
athletes set goals and work towards achieving them, as well as help coaches
and scouts make informed decisions about the athlete's potential for growth
and success (Stephen, 2016).

To the best of our knowledge, no specific test has yet been developed
to assess the unique features of basketball. Thus, it would be both important

and interesting to build a reliable and valid test of which results will provide
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coaches with tools for testing the specific abilities required in basketball, even
if certain compromises must be made to accommodate field-based limitations
(Gottlieb, 2020).

To establish the validity and reliability of a field test, researchers typically
compare the results of the test to a gold standard measure of VOzmax, such as
a laboratory-based maximal exercise test. The degree of agreement between
the field test and gold standard measure can indicate the validity of the field

test.

Reliability refers to the consistency and repeatability of the test results.
This can be assessed by administering the test multiple times to the same
group of participants and calculating the degree of agreement between the

results.

Regarding differences by gender, ages, and relative age, it is possible that
these factors may impact the validity and reliability of the field test. For
example, research has shown that Time-motion analysis has shown that
during a basketball game, the total number of movements performed by
players depends on the competition level. According to (Ferioli et al, 2019)
higher level competitors execute a mean of 703 movements, performing over
100 high-intensity actions per minute of playing time. Of note, players
perform more than one jump per minute played (an average of more than 27
during a match and are involved in high-intensity running activities, such as
sprinting, every 39 s. In this regard, jumping capability, the ability to perform
repeated sprint efforts and change of direction (COD) ability are amongst the
most important determinants of high performance in basketball. Different
studies (Hori, 2008) have shown that better players tend to display higher
neuromuscular performances measured by the means of strength, vertical
jump (V]), sprint, repeated sprint, and COD abilities. In particular,
considering V], differences of 8.8% in jump height have been reported
between elite players and average-level practitioners. Similar conclusions
were drawn concerning COD ability, as differences of 6.2% were found in
COD tests outcomes among athletes with different skill levels (Cormery,
2008). Therefore, based on the match- demands data and the evidence of

superior neuromuscular performance in basketballers of higher competition
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level, it can be inferred that the development of physical capabilities is crucial
in this sport, as it may allow players to run faster and jump higher than the
opponents, to sustain match-related contacts and hits and, ultimately, exploit

their technical and tactical skills during a game.

Time motion analysis can provide coaches and trainers with valuable insights
into the performance of their players. For example, it can help identify which
players are the most active on the court, how much energy they expend
during different activities, and how much time they spend in different areas
of the court. This information can then be used to adjust training programs

and game strategies to improve performance (Ostojic, 2006).

Overall, time motion analysis is a valuable tool for coaches, trainers, and

players looking to optimize their performance on the basketball court.

There are differences in time motion analysis between male and female
basketball players. Research has shown that in general, male players tend to
cover more ground and expend more energy than female players during a
game. However, it's important to note that individual differences in player
style and position can also affect time motion analysis, regardless of gender
(Scalan, 2015).

Some specific differences in time motion analysis between male and female

basketball players include:

Speed: Male players tend to move at a faster pace than female players,

covering more ground in a shorter amount of time (Stojanovic, 2017).

Jumping: Male players tend to jump higher and more frequently than female
players during a game ((Stojanovic, 2017).
Agility: Female players tend to be more agile than male players, which means

they can change direction more quickly and move more fluidly on the court
(Alemdaroglu, 2012).

Endurance: While both male and female players require endurance to play a
full game, research suggests that female players may have a greater aerobic

endurance capacity than male players (Craig, 2015).
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Physical contact: Male basketball players tend to experience more physical
contact during a game, which can affect their time motion analysis
(Stojanovic, 2017).

Do these differences are generalizations and do not apply to all male
and female basketball players? Individual players may have their own
unique styles and strategies that affect their time motion analysis.

This is partly due to the fact that male players are typically larger and
stronger than female players. Defensive strategies: Female basketball players
may use different defensive strategies than male players, which can affect
their time motion analysis. For example, female players may rely more on
positioning and footwork rather than physical contact to defend their
opponents. Offensive strategies: Male and female basketball teams may use
different offensive strategies, which can affect the time motion analysis of
their players. For example, male teams may rely more on individual players

to score points, while female teams may use more of a team-based approach.

Playing time: Male basketball players typically play for longer periods of time
than female players. This means that male players may have more

opportunities to cover ground and expend energy during a game.

Recovery time: Female basketball players may have a shorter recovery time
between games than male players. This can affect their time motion analysis,
as players may not have as much time to recover from previous games before
playing again.

Overall, time motion analysis can provide valuable insights into the
performance of male and female basketball players. By identifying
differences in time motion analysis between genders, coaches and trainers
can tailor their training programs and game strategies to optimize

performance for their players.

Rest breaks: Male basketball players may take longer rest breaks during a
game than female players. This can affect their time motion analysis, as
players may have more time to recover and recharge before returning to the

court.

Female basketball players may show more emotional responses to the game

than male players. This can affect their time motion analysis, as players may
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need to expend additional energy and focus to manage their emotions during

the game.

The number of rebounds, changes of direction, sprints, and lateral
movements in basketball can vary greatly depending on the style of play,
position, and individual performance of each player. However, here are some

general guidelines for each activity:

Changes of direction: Changes of direction are a critical part of basketball,
particularly for guards and forwards who need to evade defenders and create
scoring opportunities. The number of changes of direction can vary
depending on the player's position and style of play. In general, a player may

change direction several times per possession.

Sprints: Sprints occur frequently in basketball, particularly during fast breaks
and transitions. Players who are responsible for leading fast breaks, such as
point guards and small forwards, may sprint more often than other players.

On average, a player may sprint 100-150 meters per game.

Lateral movements: Lateral movements, such as shuffling and sliding, are
important for both offensive and defensive players. Guards and small
forwards may perform more lateral movements than centers and power
forwards. In general, a player may perform several lateral movements per

possession.
Here are some statistics related to basketball (Stojanovic, 2017):

The number of time-motion events in basketball can vary greatly depending
on the game's pace, style, and individual performance of each player.

However, here are some general guidelines for each activity:

Running/jogging: Players in basketball spend a significant amount of time
running and jogging up and down the court. According to research, players
can cover anywhere from 3.9 to 4.3 miles (6.3 to 6.9 KM) per game, depending
on their position and the style of play. Walking: Players also spend some time
walking on the court, particularly during slower-paced moments, such as

during timeouts or when the ball is out of bounds.

Sprinting: Players will sprint during fast breaks and transitions or when
trying to create separation from defenders. The number of sprints can vary
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depending on the player's position and style of play. In general, a player may

perform 30-50 sprints per game.

Jumping: Jumping is a key component of basketball, as players frequently
jump to shoot, block shots, and grab rebounds. Players can jump anywhere
from 20 to 30 times per game, depending on their position and style of play.

Change of direction: Basketball requires players to change direction
frequently to evade defenders and create scoring opportunities. The number
of changes of direction can vary depending on the player's position and style
of play. In general, a player may change direction several times per

possession.

Defensive slides: Defensive slides are lateral movements that are critical for
defensive players. Guards and small forwards may perform more defensive
slides than centres and power forwards. In general, a player may perform

several defensive slides per possession.

These are general guidelines, and the number of time-motion events can vary
greatly depending on the style of play, position, and individual performance
of each player. Time-motion analysis can provide a more detailed analysis of

a player's movement patterns during a game.

The number of possessions in a basketball game can vary depending on the
pace of the game, the number of turnovers, and the rebounding rate. In
general, a team will have a possession when they gain control of the ball and
then attempt to score a basket. The opposing team will then have a possession
when they gain control of the ball, either through a steal, rebound, or a

change of possession after a successful shot.

The number of possessions in a basketball game in Europe can vary
depending on the pace of the game, the rules of the specific league or
tournament, and the style of play of the teams. However, in general,
European basketball games tend to have fewer possessions than NBA games.
(Huyghe, 2022). In the Euro League, which is the top professional basketball
league in Europe, teams generally average between 60 and 70 possessions per
game. This is lower than the average number of possessions in an NBA game,
which can range from 70 to 100 possessions per game.
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The lower number of possessions in European basketball can be attributed to
several factors. For example, European basketball generally emphasizes a
more team-oriented style of play, with an emphasis on ball movement, player
movement, and offensive and defensive systems. This style of play often
leads to slower-paced games, with fewer fast breaks and more deliberate

offensive sets.

Field tests are a type of physical fitness test that can be used to assess an
athlete's performance in basketball. These tests are often used by coaches and
trainers to evaluate a player's strengths and weaknesses, as well as to track
progress over time. Here are some common field tests used in basketball:
Vertical jump test: This test measures a player's ability to jump vertically and
is a good indicator of explosive power. The player stands under a wall-
mounted apparatus with a series of horizontal slats that are gradually
increased in height. The player jumps as high as possible and touches the
highest slat they can reach.

Agility test: This test measures a player's ability to change direction quickly
and efficiently. The player runs through a series of cones or markers in a

specific pattern, trying to complete the course as quickly as possible.

Sprint test: This test measures a player's speed and acceleration. The player
runs a specified distance, such as a full court or a half court, as quickly as

possible.

One common field test used to measure aerobic capacity in basketball players
is the Yo-Yo Intermittent Recovery Test (Yo-Yo IR). Here's how it works:

The player starts at one end of the court and runs to the other end before the
beep sounds. The player then turns and runs back to the starting point before
the next beep sounds. The player continues running back and forth, with the
distance between the two points increasing gradually over time. If the player
fails to reach the line before the beep sounds twice in a row, the test is over
and the distance covered is recorded.

The Yo-Yo IR test measures a player's ability to perform repeated high-
intensity efforts with short rest periods, which is similar to the demands of
basketball gameplay. The test is usually repeated several times, with a short
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rest period between each attempt, and the results are used to assess the

player's aerobic fitness level.

Another field test that can be used to measure aerobic capacity in basketball
players is the beep test or the 20-meter shuttle run test. This test involves
running back and forth between two markers placed 20 meters apart, with
the speed increasing over time. The test is designed to measure an athlete's
maximal oxygen uptake (VOzmax) and is a good indicator of aerobic fitness.
Both of these tests are effective ways to measure aerobic capacity in basketball
players and can provide coaches and trainers with valuable information
about the player's fitness level and areas for improvement. Good
achievements for aerobic capacity field test in basketball. Good achievements
for the aerobic capacity field test in basketball can vary depending on the test
used and the age, gender, and skill level of the player. Here are some general
benchmarks for the Yo-Yo Intermittent Recovery Test (Yo-Yo IR) that can be

used as a guide:

Beginner-level basketball players may reach a distance of around 600-800
meters on the Yo-Yo IR test. Intermediate-level basketball players may reach
a distance of around 900-1,200 meters. Advanced-level basketball players
may reach a distance of 1,300 meters or more. It's important to note that these
are just general benchmarks, and individual results can vary depending on a
range of factors, including age, gender, weight, and training history.
Additionally, the results of the test should be interpreted in conjunction with
other measures of fitness and skill, such as sprint times, agility tests, and
shooting accuracy. Overall, achieving a high score on the Yo-Yo IR test or
other aerobic capacity field tests can indicate that a basketball player has
good endurance, energy levels, and overall fitness, which can translate to

better performance on the court.

It's important to note that the Yo-Yo IR test is just one measure of aerobic
capacity and fitness in basketball players, and should be used in conjunction
with other tests and evaluations to develop a comprehensive picture of the
player's overall physical abilities. Other factors, such as skill level, experience,

and game strategy, can also impact performance on the court.
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Research has shown that the distance covered on the Yo-Yo IR test can be
used to predict an athlete's VOamax, using the following equation: VOamax
(ml/kg/min) = 36 + (0.01 x distance covered in meters x body weight in kg).

Research has shown that on average, males tend to have higher aerobic
capacity than females, which can impact their performance in sports such as
basketball that require endurance and cardiovascular fitness. However, it's
important to note that individual differences and training can also play a

significant role in an athlete's aerobic capacity, regardless of gender.

Studies have found that male basketball players typically have higher
maximal oxygen uptake (VO:umax) levels than female players, which is a
measure of the body's ability to consume and use oxygen during exercise.
This can be attributed to differences in body composition, with males
generally having a higher percentage of lean muscle mass and lower body fat

levels, which can improve aerobic capacity.

However, some studies have shown that with appropriate training, female
basketball players can improve their aerobic capacity to levels comparable to
male players (Alemdaroglu, 2012). Additionally, factors such as skill level,
strategy, and teamwork can also influence performance in basketball and

may be more important than gender differences in aerobic capacity.

Overall, while there may be differences in average aerobic capacity between
male and female basketball players, individual differences and training can
play a significant role in an athlete's performance, and it's important not to

make assumptions based solely on gender.

Research has shown that aerobic capacity, as measured by maximal oxygen
uptake (VO2max), tends to increase with age and training in both adult and
youth basketball players. However, there may be some differences in the
absolute levels of VO:max between adults and youth (adult basketball players
generally have higher VOzmax levels than youth players) This can be attributed
to a number of factors, including differences in body composition, training
history, and physiological maturity. Adults tend to have more lean muscle
mass and less body fat than youth, which can improve aerobic capacity.
Additionally, adults may have more years of training and experience than

youth players, allowing them to develop higher levels of aerobic fitness.
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However, it's important to note that youth basketball players can still develop
and improve their aerobic capacity with appropriate training. Youth athletes
who engage in regular training can see significant improvements in VO2max

over time.

Overall, while there may be some differences in absolute levels of aerobic
capacity between adult and youth basketball players, both groups can

improve their fitness with appropriate training and experience.

During adolescence, there are significant changes in body composition,
hormonal balance, and other physiological factors that can impact aerobic
capacity (Sergio, 2023).

In summary, a wide range of factors can impact aerobic capacity in basketball
players of all ages, including nutrition, sleep and recovery, environmental
factors, and individual differences. By taking a holistic approach to training
and considering these factors, coaches and trainers can help basketball
players improve their aerobic fitness and optimize their performance on the

court.

1.1  THE FITNESS COMPONENT AND ENERGY SYSTEM IN BASKETBALL

Many coaches and players equate athleticism with physical fitness in this
type of sport. Being physically fit is essential from a health standpoint, but the
following fitness components are equally important for elite basketball players
(Abdelkrim et al., 2007; Gottlieb et al., 2014).

The first component, cardiorespiratory fitness, refers to the effective
delivery of blood, oxygen and nutrients to the active body by the heart and lungs
during physical work. Aerobic exercise improves cardiorespiratory function
(Meckel et al., 2009) and also strengthens the heart muscle. Aerobic training can be
done through any activity requiring continuous low-intensity effort for 20-60 min
(Meckel and Gottlieb, 2009). In this sense basketball requires short and intense
periods of activity, during which players expend a great deal of energy at a rapid
rate. Anaerobic pathways are another aspect of cardiorespiratory fitness, and
provide energy for high-intensity activities. Thus, the anaerobic energy systems
must also be well developed (Abdelkrim et al., 2007; Gottlieb et al., 2014; McInnes
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et al., 2008). The physiology underlying the aerobic and anaerobic energy systems
is complex, and especially so in basketball (Gottlieb et al., 2014; Meckel and
Gottlieb, 2009). On the one hand, the aerobic system, which supplies long-term
energy, depends on the presence of oxygen for the production of ATP. This is the
preferred energy source for exercise lasting more than 3 minutes (Castagna et al.,
2005; Meckel and Gottlieb, 2009; Meckel et al., 2009). When basketball players begin
exercising, both the aerobic and anaerobic energy systems are involved. However,
the relative contribution of each energy source varies according to the demands of
the exercise, which in turn vary as functions of the intensity and duration of the
activity (Table 1). Basketball is about 20% aerobic and 80% anaerobic, and therefore
many factors influence the exact energy expenditure ratio for individual players
(Abdelkrim et al., 2007).

Assigning exact ratios to fit all styles of play would be impossible. It is
widely accepted that basketball is a game requiring a high level of anaerobic fitness.
This is certainly the case when a 2-hour game is broken down into shorter
segments. For example, if we monitor one player for the first quarter (10 min), we
can observe a work-rest ratio of 1:1 or less (Abdelkrim et al., 2007; Meckel and
Gottlieb, 2009; Meckel et al., 2009), but if we monitor the same player for the whole
game, we see a work-rest ratio of 1:2-1:3, because the game includes short breaks:
time-outs, quarter breaks and halftime (Gottlieb et al., 2014). While the energy to
perform high-intensity efforts is derived primarily from the anaerobic system
during the basketball game, recovery for subsequent bouts of exercise is facilitated
during the rest periods by the aerobic system (Meckel and Gottlieb, 2009).

It is important to develop a training program that specifically emphasizes
the energy system required to play basketball. Within 20 s of rest, 50% of the muscle
stores of ATP-CP is restored, and 87% is restored after 60 s. Heavy breathing after
high intensity is the process through which the aerobic system metabolizes lactate
in an effort to facilitate recovery (Gottlieb et al., 2014). In addition, if basketball
players have strong basic aerobic conditioning to tolerate high levels of
accumulated blood lactate concentration, this will delay the onset of fatigue and
enhance productivity on the court (Meckel et al., 2009).
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Table 1 Type of Field Tests
Endurance tests Neuromuscular tests
(Aerobic) (Anaerobic)
Cooper 5/10 m sprints from a standing
start
Yo-Yo endurance 20/30 m sprint test from a
standing start
Yo-Yo intermittent Countermovement jump (CM]J)
recovery
Squat jump
Standing broad jump
2 x 5 m agility
T test (5-10-5 shuttle)
RSA

1.2 THE PHYSICAL REQUIREMENTS OF A BASKETBALL GAME

The last two decades have yielded a significant accumulation of specific data
related to modern methods of coaching basketball (Shelling and Torres,
2016).

The body structure and impressive athletic ability of basketball players may
account for some of the rapid development of the sport in recent years
(Delextrat, 2008).

As noted, since the introduction of the 24-s shot clock, the game has become
much faster and the concept of fast playing has become crucial in basketball.
This change has led to high physical demands on the players, both defensive
and offensive, raising the importance of their explosive strength (Stojanovic
et al., 2012). For this reason, strength and conditioning coaches and other
professionals in the field seek more effective training methods for nurturing

and developing players' physical abilities, as well as better methods to
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monitor and assess the fitness components required for the sport of
basketball (Delextrat and Cohen, 2008; Meckel and Gottlieb, 2009).

Another important component required for repeated sprints is aerobic
capacity for overall performance in the game. Nevertheless, most of the
actions during the game are characterized as anaerobic, e.g., jumping,
changing direction and footwork (Abdelkrim et al., 2007; Gottlieb et al., 2014).
A basketball game is considered anaerobic-dominated and requires repetitive
short and intense sprints from the players. Such activities take a high toll on
the players (Castanga et al., 2005, 2008). In a basketball game a player
averages 105 intense movements lasting between 2 to 6 s, which occur on
average every 21 s on the game clock (not including time-outs). Intensity
during these movements shows values of 60 to 75% of VO2max, and 70-90%
of the maximum heart rate (Meckel and Gottlieb, 2009; Meckel et al., 2009).
The overall distance a player sprints during the game is less than 10% of the
total distance a player moves throughout a full game. Overall, the
intermittent activity pattern in basketball demands aerobic capabilities
sufficient to sustain repeated short bouts of high-intensity exercise (Bishop,
2004).

Despite the infrequency of these sprints, they have a great impact on the
outcome of the game (Wragg et al., 2000). It should be noted that time-outs
last for 2 min, the halftime period for 15 min, and foul calls from 20 s to 1 min.
The assessment of RSA as a training and research tool is also discussed
(Spencer et al., 2005).

To repeat these activities without fatigue two main processes are required: 1)
faster renewal of CP stores, and 2) faster removal of blood lactate
concentration from the muscles (Gottlieb et al., 2014). Sport intensities and
movement patterns during men's basketball were investigated by videoing
the movements of eight elite players and monitoring their heart rate and
blood lactate responses during competition (Gottlieb et al., 2014; Meckel and
Gottlieb, 2009). The results are expressed in “live time”, which means actual
playing time and “total time” which includes live time as well as all
stoppages in play. The mean + SD frequency of all activities was 997 + 183,
with a change in the movement category every 2.0 s (Ostojic et al., 2006). A
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mean total of 105 + 52 high-intensity runs (mean duration of 1.7 s) was
recorded for each basketball game, resulting in one high-intensity run every
21 sin live time. Sixty percent of live time was spent engaged in low-intensity
activity, while 15% was spent in high-intensity activity. The mean heart rate
during live time was 169 + 9 beats/min-1 (89 + 2% peak HR attained during
laboratory testing); 75% of live time was spent with an HR response greater
than 85% of the peak heart rate. Mean blood lactate concentration was 6.8 +
2.8 mM/L, indicating the involvement of glycolysis in the energy demands of
basketball. It was concluded in these studies that physiological requirements
of men's basketball are high, placing considerable demands on the
cardiovascular and metabolic capacities of players (Abdelkrim et al., 2007;
Ostojic et al., 2006).

Physical fitness is a performance factor that is characterized by its ability to
be assessed using closed tests. Among the existing tests today, there are no
data on which are the most optimal ones for the sport to which they are

applied (Mancha-Triguero et al., 2019).

1.3 TESTS FOR ASSESSING AEROBIC AND NEUROMUSCULAR CAPACITY

The aim of fitness tests is to assess the condition of athletes in terms of each
fitness component, in order to determine what needs to be improved through
the training program and to conduct retests at set times to assess whether
their condition has changed. These tests are especially important among
children and teenagers, so that coaches can see whether players are
developing in terms of physical fitness as they get older (Chiu et al., 2003;
Gottlieb et al., 2014; Hoffman, 1996; Mujika et al., 2009).

The ability to produce great power in a short period of time is an important
measure in many sports, such as basketball, soccer and volleyball. For this
reason, these team sports place great emphasis on improving strength at
every age and every level of performance (Gottlieb et al., 2014). Optimal
development and improvement of this ability, as well as of speed, agility and
coordination, is not merely a theoretical exercise in comprehending the
principles of physiology and training underlying these fitness components.

Itis also connected to the need for valid and reliable measurement techniques
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that make it possible to assess different abilities accurately and consistently
(Delextrat and Cohen, 2008).

1.4 THE MOST COMMONLY USED FIELD TESTS IN THE BASKETBALL
LITERATURE

The literature offers a number of widely used tests to measure aerobic and
anaerobic fitness (Abdelkrim et al., 2007; Delextrat and Cohen, 2008; Gottlieb et al.,
2014). The following are examples of field tests that can provide fitness coaches

with relevant information for basketball:

1.4.1 Yo-Yo endurance test

A maximum aerobic capacity test that includes running back and forth for 20
m with increasing effort until the participant becomes exhausted. The test has a
high correlation with VOzmax (r = 0.92). This test is reliable and valid for predicting
aerobic capacity in different populations (Clair et al., 1998). The test was chosen to
evaluate aerobic fitness every few months, due to its suitability to the activity
patterns routinely performed by athletes. The pace starts at 8 km/h and increases
by 0.5 km/h every minute. The pace is dictated and made audible by an audio disc.
Test results are determined by the number of times the athlete performs the sprints
before reaching exhaustion (Castagna et al., 2005; Delextrat and Cohen, 2008; Sergej
et al., 2006).

1.4.2 Yo-Yo recovery test (Level 1)

This version of yo-yo has a correlation of r = 0.77 with maximum VOamax.
Assessment includes a 40-m run, divided into 20 m up and 20 m back to the starting
point, and 10 s recovery after each full cycle (40 m). The test starts at 10 km/h and
increases by 0.5 km/h after each cycle. This version was developed for sports that
require intense physical efforts followed by periods of incomplete recovery such as
basketball (Bangsbo, 2006; Castagna et al., 2005; Delextrat and Cohen, 2008).
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1.4.3 Cooper test

In this test the player needs to run as far as he/she can in 12 minutes. Its
predictive ability of VOamax is very good r = 0.89 (Cooper, 1968), but does not reflect
the character of all ball games (Castagna et al., 2005).

1.4.4 5/10-m sprints from a standing start

Starting Speed test- this test evaluates horizontal power while performing a
cyclical movement — sprints from a standing start. The first step is decisive in the
examinee's achievement. Times are usually measured by photo-electric cells or
Optojump (Attia, 2017). Each player performs 2 sprints from a high start, with

recovery of 3-5 min of rest between runs. The best time is recorded (Haugen, 2019).

1.4.5 20/30-m sprint test from a standing start

Absolute Speed test- this test also evaluates horizontal power while
performing a cyclical movement — sprints from a standing start. The ability to
accelerate is decisive for good results. Times are usually measured by photo-electric
cells). Each player performs two sprints from a standing start, with 3-5 min of rest
between runs. The best time is recorded (Delextrat and Cohen, 2008; Gottlieb et al.,
2014; Hoffman, 1996; Mujika et al., 2009; Shaher, 2011).

1.4.6 Repeat Sprint Ability (RSA) Test

Many team sports require participants to repeatedly produce maximal or
near maximal sprints of short duration (1-7s) with brief recovery periods, over an
extended period of time (60 — 90 min). Therefore, an important fitness component
for these sports is what is often termed repeated sprint ability RSA (Bishop, 2001).
This type of practice involves the metabolic changes occurring during this type of
exercise, such as energy system contribution, adenosine triphosphate depletion
and resynthesize, phosphocreatine degradation and resynthesize, glycolysis and
glycogen lysis, and purine nucleotide loss. Assessment of RSA, as a training and
research tool, is also discussed (Spencer et al., 2015). The recognition of the
important role of RSA for
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performance in basketball has led to the wide use of RSA-based tests among
basketball players as part of routine fitness testing (Caprino et al., 2012;
Meckel et al., 2009), as well as for training session strategy (Attene et al., 2015).

1.4.7 Countermovement jump (CM]) test

This test assesses vertical power in a single jump. Jumps begin while
standing straight, then knees are bent and quickly extended while leaving the
ground and rising to the maximal height. Hands are usually placed on the hips in
order to neutralize momentum from the arms (Kipp, 2020). Each athlete performs
3 maximal jumps with about 2 min of rest between jumps. Jumps are usually
performed using Optojump® which is connected to a digital timer that converts
time in air to the jump height, or a force plate which contains sensors that measure
the strength exerted by the feet (Barker, 2018).

1.4.8 Squat jump test

In the same way, it is possible to perform a squat jump as a test. Players
assume a low squat position. Movement is stopped and then the athlete jumps as
high as they can from this position, with hands on hips or behind their back
(Gottlieb, 2014).

1.4.9 Standing broad jump

Athletes stand with both legs together. They bend their knees and use arm
momentum in order to jump. The longest jump of 3 attempts is recorded as the
result. If an athlete falls backward the jump must be repeated (Zarizi et al., 2021).
They then create momentum for the jump by bending their knees and moving their
arms forward. The recorded measurement is the best jump out of three, measured
with a standard measuring tape (Krishnan, 2018). If the athlete falls backwards
during any of the jumps, the jump is disqualified, and the athlete is asked to repeat
the jump (Thomas, 2020). from 1900 to 1912, the standing broad jump was part of
the Olympic competitions. However, it has not been part of regular global

competitions for over a century. In most cases, this test is used for assessing


https://www.frontiersin.org/articles/10.3389/fphys.2016.00133/full#B16
https://www.frontiersin.org/articles/10.3389/fphys.2016.00133/full#B34
https://www.frontiersin.org/articles/10.3389/fphys.2016.00133/full#B3
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explosive power among basketball players in clubs that do not have access to
advanced equipment (Hardy, 2018).

1.4.10 2 x 5-m agility test

This test measures sprinting time, turning, and changing direction. The test
is performed by running 5 m in one direction, turning quickly, and returning 5 m
to the starting point, a total of 10 m of running. The test can use photoelectric cells
or an Optojump® system to assess performance (Delextrat and Cohen, 2008;
Sheppard and Young, 2006; Wragg et al., 2000).

1.4.11 T test (5-10-5 Shuttle)

This is an agility test that measures how quickly athletes can accurately
change direction. The t test is designed to measure lateral speed as well as forward
and backward speed (Sheppard and Young, 2006; Wragg et al., 2000; Young et al.,
2001).

1.5 DIFFERENCES IN AEROBIC CAPACITY BY GENDER AND AGE

Studies show that boys tend to have greater aerobic capacity than girls of
similar ages, due to a range of factors, including differences in body composition,
size, and hormones. For example, at the age of 14, boys have about 25% more VO2zmax
than girls, due to increased muscle mass in the former compared to increased fat
tissue in the latter, as well as higher testosterone levels — thereby creating greater
aerobic capacity in boys (Ziv, 2009).

Studies on basketball players tend to focus on developing analytical
measuring tools, with the aim of enabling coaches and trainers to optimize their
players’ performance (Gottlieb et al., 2021). Yet assessment techniques much be
sensitive to differences in basketball-playing abilities among players of different
genders and ages. For example, dribbling in seen more in male basketball games,
while running is seen more in female basketball games (Ziv, 2009). Studies also
show that VO:max values among female players are within the 44.0-54.0mLo2/kg/min

range, compared to the 50-60 mLO:/kg/min range among male players (Lidor,
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2007). However, large variations can be seen in studies on VOzmax values among
men, such as 45.3-5.9 mLoz/kgmin (Gocentas, 2004), 45.3-65.2mLoz2/kg/min (Tavino, 1995), or
49.8-63.4 mLoz2/kgimin (Abdelkrim, 2010). Such variations could stem from differences

in the measurement tool or protocol that were applied in various studies.

1.5.1 EFFECT OF AGE ON AEROBIC CAPACITY

Athletes VOzmax refers to their maximal oxygen uptake — the highest rate at
which they are able to consume oxygen during exercise (Craig, 2015). The VOzmax
measure is an optimal tool for assessing athletes’ aerobic fitness, i.e., the body’s
ability to deliver oxygen to the muscles while exercising and then use it to generate
energy. The degree of this ability differs between people, and depends on
components that are involved in the delivery of the oxygen to the muscles
(including pulmonary, haematological, and cardiovascular elements), as well as on
the oxidative mechanisms of the muscles that are taking part in the current

exercises (Armstrong, 2006).

In young males, a gradual increase is seen in their VO:max, from age 8 to 16
years, with the greatest annual increases occurring between the age of 13-15 years.
In young females, on the other hand, this increase is less consistent, with their
VO:max being on a steady incline until they reach the age of 13 years, at which time
it starts to level off. In addition, both the peak VO:max and its gradual increase

among young males are higher than among young females (Armstrong, 2006).

1.5.2 RELATIVE AGE EFFECT ON AEROBIC CAPACITY

In sports, in addition to the athletes’ chronological age, the term Relative Age
Effect (RAE) is also applied, referring to differences within the same age group.
While chronological age differences imply different levels of performance and
experience due to physical developmental and maturational, RAE refers to
differences between people in the same age category, whereby those who were
born earlier in the year present improved physical, emotional, and cognitive
development compared to their peers who were born later in the year (Ibafez,
2018). Yet considerable inconsistencies on RAE can been seen in the literature. For

example, athletes who were born early in the competition year were more highly
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represented than those who were born late in that year (Baker, 2007), yet no age-
related differences were seen in the relative VOamax of 7-13-year-old children
(McMurray, 2002). As such, a consistent and applicable measuring tool should be

used across studies, to enable comparisons and generalizations.

Following this literature review, the aim of the current study was to examine
the aerobic capacity of young elite basketball players via their VOzmax, based on age,
gender, and RAE using the validated Yo-Yo Recovery Test for Basketball Players
(Gottlieb et al., 2022).
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2 JUSTIFICATION

Team sport games in general, and basketball in particular, are
characterized by short intense activities that are repeatedly carried out
throughout the game (Petway et al., 2021). These include short intense
activities such as jumping, sprinting, change of direction, and agility, as well
as moderate-intensity exercises that last up to 60 seconds (Stolen, 2005). In
addition, basketball players also need to present aerobic capabilities (Mancha
et al., 2019) during games and practices (Castagna et al., 2008), and as such,
need to also develop strong aerobic capacities (Padulo et al., 2016). Due to
their importance to the players’ performance, a range of methods for testing
aerobic and anaerobic athletic capabilities have been developed over the past
two decades (Petway et al., 2020). After performing intense activities during
practices and games, the athlete’s body needs to produce adenosine
triphosphate (ATP), creatine phosphate (CP), and glycolysis. Rebuilding CP
requires the use of blood lactate concentrations and the removal of phosphate
that accumulates in the cells (Wragg, 2000). Yet short recovery periods while
playing basketball and other ball games are not always sufficient for refilling
these resources after high intensity activities, and it is therefore difficult for
players to consistently achieve the same level of performance throughout the
game (Meckel, 2009). In other words, the players” ability to continuously play
well over time throughout the practice or game depends on the rebuilding of
their CP reserves and removal of waste products (Meckel, 2009). Moreover,
since the introduction of the 24-second shot clock (Abdelkrim et al., 2007), the
concept of playing quickly has become even more crucial among players
(Petway et al., 2020). In turn, this has led to even higher physical demand on
players, increasing the importance of explosive strength (Stojanovic et al.,
2012). As a result, fitness professionals strive to develop effective training
methods for promoting and developing the physical abilities of basketball
players (Freitas et al., 2017), as well as optimal techniques for monitoring and
evaluating various fitness components (Edward, 2018) as a means for
enhancing the players” ability to perform at their optimal and maximum
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capacity (Freitas et al., 2019). While basketball is considered an anaerobic-
dominated game (with actions including jumping, changing direction, and
footwork), these activities occur with such high frequency that they take their
toll on the players (Castagna, 2008). During a game, a basketball player
performs an average of 105 intense movements (each lasting two-six seconds)
every 21 seconds while the clock is running. These movements lead to the
consumption of 60%-75% of the body’s VOzmax and the players’ heart rate
reaches 70%-90% of their maximum heartrate (Meckel, 2009). While the
overall distance that a player sprints during the game accounts for less than
10% of the overall distance that an athlete moves throughout the game, these
infrequent sprints have a significant impact on the players’ athletic
capabilities and performance during a game (Wragg, 2000). Moreover, the
ability to recover from these activities and repeat them without fatigue is
based on the fast renewal of CP stores and the fast removal of lactic acid from
the muscle. Research indicates that a high aerobic capacity (measured via the
player’s VOumax may enhance this recovery process, enabling the player to
perform high intensity actions throughout the basketball game (Glaister,
2005). The VOzmax measure relates to the maximum rate at which the body can
inhale, distribute, and use VOzmax while performing physical activity (Akalan
et al, 2004). For basketball players, optimal VO:amax is 55 ml/kg/min
(Marinkovic, & Pavlovi¢, 2013).

Hence, the development of a comprehensive and effective evaluation tool
that overcomes the drawbacks of current assessments, while accurately
measuring the distinct aptitudes essential for basketball, presents a
formidable task. This evaluation would offer coaches and sport scientist a
valuable resource to appraise and enhance the individual basketball
proficiencies of their players.

For the author's knowledge indicates that no previous research has
described a particular test, this statement implies that the author believes

their test to be original or novel and give a good solution for a field test.
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3 HYPOTESIS AND OBJECTIVES

The main aim of this thesis was to develop and assess the reliability and
validity of a unique new test that optimally measures the aerobic capacity in

basketball players.

This objective suggests that the study aims to investigate how these factors
may influence or contribute to certain outcomes. Let's break down each

component:

Age: The study intends to explore how age differences may impact the
variables under investigation. Age can be a significant factor in various
contexts, such as cognitive abilities, physical performance, or behavioral
patterns. By considering different age groups, researchers can identify

potential variations or trends across these groups.

Gender: This component focuses on investigating potential differences
between males and females in relation to the variables being studied. Gender
can play a role in various aspects of human behaviour, physiology, and
psychology.

Relative Age Effect: The relative age effect refers to the phenomenon where
individuals born closer to a specific cut off date within a certain period
experience advantages or disadvantages in various domains, such as sports,
academics, or professional development. By examining the relative age effect,
researchers aim to understand how birthdate-related factors may influence

outcomes and performance.
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Table 9 will give the coaches the different between age and gender.

Tables are presented with a question, hypothesis, and objective regarding the main

goals of the three major stages in this thesis:

Table 2 The first stage- objective 1

QUESTION

HYPOTHESIS

GOAL

Do field tests give
us the occurs

measurements for

Yes, but more
specific tests are required

that examine

To review the field test in
the literature and to show the

needs of unique tests with very

basketball players? It is physiological and specific requirements for
enough field tests that specific movement that basketball players.
presented in the relevant to the game.
literature to assess
specific physical
abilities of basketball
players?
Table 3 The second stage- objective 2
QUESTION HYPOTHESIS GOAL

Does a new of
aerobic capacity test,
will be more efficient

for basketball players?

The test is very
specific and combines
change of direction and
defence movement as in

the game.

Reliability and validity
are needed to consider a
good new test.

To build a new
version of YoYo test
for basketball
players.
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Table 4 The third stage- objective 3

QUESTION

HYPOTHESIS

GOAL

Does the new test
is suitable for gender,
age and relative age
effect?

Yes, we will see
differences in the
performance according

to age, gender.

The girls, young
group will do less
distance than boys and
adult group.

Boys and girls that
born in the first three
month of the year, will

achieve the best results.

To examine
differences in age,
gender and relative
age effect in the
game. According to
the results we will try
to determine specific
standards for the

new test.

Specific objectives:

- To compare the new unique test to laboratory aerobic test (gold standard).

- To compare the new test to two field tests that common in the literature.

- To compare and repeat the new test again after 72 hours.

- To compare and examine differences in the new test among 3 different age
groups (U-14, U-16, and U-18).

- To compare and examine differences in the new test between genders at

different ages.

To compare and examine differences in relative age effect among 3 different

ages and gender.
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4 MATERIAL AND METHODS

4.1 STUDY 1- VALIDITY AND RELIABILITY OF A UNIQE AEROBIC
FIELD TEST FOR ESTIMATING VO2MAX AMONG BASKETBALL
PLAYERS

4.1.1 Participants

A total of 25 basketball players on an elite youth league in Israel participated
in this study. On average, these male participants were aged 16.4 years (0.5+)
with height=180cm (%5.5), body mass=72kg (+¥4.9), and body fat=10.8%
(£1.9%). They had been playing basketball for eight years, and their weekly
routine included five basketball practices, two fitness practices, and one
league game. Four inclusion criteria were applied in this study, whereby the
player had: (a) participated in at least 90% of the weekly training sessions
during the 10-month season leading up to the research;
(b) regularly participated in the previous competitive season; (c) had a clean
bill of health; and (iv) had not incurred injuries or pain and were not

administering medication.

To reduce interference in the experiment, the participants were asked to
refrain from consuming stimulants (e.g., caffeine) or depressants (e.g.,
alcohol) for 24 hours prior to the testing, and to refrain from eating for about
three hours prior to the testing. They were also asked to avoid strenuous
activity for at least 24 hours before the testing. As the participants were
minors, their parents signed an informed written consent form. Although
anonymity could not be assured due to the nature of the study, all data
obtained were treated with the utmost confidentiality and scientific rigor,
and were used solely for the purpose of this research project. The study was
conducted in compliance with the Organic Law 15/1999 of December 13 on
the Protection of Personal Data and the 2008 Helsinki Statement, updated in
Fortaleza (World Medical Association, 2013).
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4.1.2 Design and Procedure

To eliminate circadian variation, all participants completed the tests at the
same time of day, at 4 pm, in normal ambient conditions, with a temperature
of 20.2 +0.5°C and relative humidity of 65.3% +3.5%. The tests were conducted
in indoor laboratories and on regular indoor basketballs courts; the

participants wore basketball shoes and appropriate sportswear.

Each participant participated in four tests: one laboratory test and three field
tests, within three days of each other. Immediately before each test, the
participants performed a 15-minute warmup on the basketball court where
they regularly practice and play: 4 minutes of layups (right/left); eight
minutes of mobility movements and dynamic stretches; and three minutes of

accelerations and decelerations.

Measures

To measure VO:max specifically among basketball players, we developed the
innovative Yo-Yo Recovery Test for Basketball Players. To test and validate this
new field tool, the data achieved from the novel test was compared to three
already-validated tests based on distance covered, VO:max, heartrate, and perceived
test difficulty.
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4.1.3.1 Bruce Protocol Laboratory Stress Test

Bruce Protocol (Bruce, 1949). Each participant was asked to continuously run
on the treadmill, subject to gradually increasing intensity every three minutes
(increased speed and inclination) for a total of seven times or until the subject was

unable to continue to perform due to fatigue (Figure 1).

Figure 1 Vo2 max test ( labratory)

4.1.3.2 Yo-Yo Intermittent Recovery Level 1 (YYIR1)

Previous assessments of this test (Bangsbo et al., 2012) show a correlation of
r=0.77 with VOzmax values. Each test section is comprised of a 40-meter run (20
meters in one direction, 20 meters back to the starting point, and a 10-second
recovery period (Figure 2). The test gradually increases from 10kph by 0.5 kph for
each new 40-meter section, until the participant is unable to continue to perform
due to fatigue. The version applied in this study was developed specifically for
sports such as basketball, that require intense physical efforts separated by sections
of incomplete recovery (Castagna, 2008).
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Figure 2 track of yo yo recovery test (level 1)

4.1.3.3 Yo-Yo Endurance (YYEND) Test

Developed by Léger et al. (1988), this test requires participants to run back

and forth in 20-meter sections with increased intensity effort until the participant

is unable to continue due to fatigue. Previous assessments of this test show a very

high correlation of r=0.92 with VO:zmax and is reliable and valid for predicting

aerobic capacity among a range of populations (St. Clair Gibson et al., 1988). The

sprints begin at a speed of 8 km/h and increase by 0.5 km/h approximately every

minute, as dictated by an audio disc. The results are determined by the number of

times the athlete is able to perform these sprints until overcome by fatigue. The test

was chosen for this study due to its similarity to the activity patterns that are

routinely performed by athletes every few months, as a means for evaluating their

aerobic fitness (Figure 3).

' Yo-Yo Endurance Test

Figure 3 track of yo yo endurance test


https://pubmed.ncbi.nlm.nih.gov/?term=L%C3%A9ger+LA&cauthor_id=3184250
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4.1.3.4 Yo-Yo Recovery Test for Basketball Players (YYRECB)

This unique test was developed to examine recovery specifically among
basketball players and is comprised of movements from the game of basketball,
including running, changing directions, and defensive strides — with short and
intense discrete parts for recovery. The procedure includes running (18 meters) +
defensive strides in one direction (2 meters) / defensive strides (2 meters) + running
(18 meters) back to the starting point / recovery walking (five meters + five meters
in both directions) for 10-20 seconds (Figure 4). Each participant performed this test
twice for means of validation (i.e., test/re-test), while the previous three test were
only performed once. In addition to documenting the distance covered in each test,
the time it took to complete the tests, and the participants’ VO:max, we also
measured their maximum heartrate (HRmax) towards the end of each test, based on
the number of heartbeats (contractions) per minute (bpm) — using the Polar HR
monitor and transmitter (Polar Electro, Lake Success, NY, USA) that was validated
by Goodjie et al. (2000). Finally, after each test, the participants were asked to rate
the difficulty of the test using the Rated Perceived Exertion (RPE) Scale (Borg, 1998).
The scale ranges from zero (felt nothing at all [like sitting in a chair]) to 10 (felt very

heavy [like at the end of an exercise stress test or other very difficult activity]).

A18 m
E 5m

> B+C 2

Figure 4 track of the new test (yyrecb)

A. Running forward (18 meters) — Yellow line.

B+C. Defensive steps (2 meters) — Red line
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D. 18 meter Running back to the starting (blue line)

E. Recovery, 10-20 seconds walking (10 meters: 5 meters back and
forth) Green line.

4.2 STUDY 2- DIFRENCES IN AEROBIC CAPACITY OF BASKETBALL
PLAYERS BY GENDER, AGE, AND RELATIVE AGE EFFECT

4.2.1 Participants

The study included 438 young basketball players, both male and female, from
five clubs in Israel. First, anthropometric measurements were taken for each
participant, including height (m), body mass (kg), and body fat (%). Height was
measured using a stadiometer (SECA® Germany) with a 1 cm accuracy; body mass
and fat were measured using electronic scales (Tanita BC® 418, Japan), with a 0.1-
kg accuracy (Slaughter et al., 1988). All participants had been playing basketball for
three to eight years, and each week conducted at least two fitness practices,
participated in three to five basketball practices, and one league game. The players
also had to present a clean bill of health, with no injuries, aches, or ongoing
medication. After contacting the basketball clubs and coaches to request their
participation in the study, informed consent was received from both the players
and their parents. The participants were also informed that their participation in
the study was not mandatory. Although anonymity could not be promised due to
the nature of the study, the participants and their parents were assured that the
utmost confidentiality and scientific rigor would be applied throughout the study,
and that the achieved data would only be used for the purpose of this research
project. Dates for conducting the study at each club were set, so as not to interfere
with their training and competitions. The study was approved by the Bioethics
Committee at the first author’s affiliated academic institution (registration number
367).

4.2.2 Procedures

After contacting the basketball clubs and coaches to request their

participation in the study, informed consent was received from both the players
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and their parents. The participants were also informed that their participation in
the study was not mandatory. Although anonymity could not be promised due to
the nature of the study, the participants and their parents were assured that the
utmost confidentiality and scientific rigor would be applied throughout the study,
and that the achieved data would only be used for the purpose of this research
project. Dates for conducting the study at each club were set, so as not to interfere

with their training and competitions.

To eliminate circadian variations, all participants completed the test at the same
time of day (6 pm), in normal ambient conditions, and with a temperature of 23.1
+0.5°C and relative humidity of 70.5% +3.5%. The assessments were conducted by
the researchers together with the team’s coach, inside official indoor basketballs
courts; the participants were required to wear their regular sportswear and
basketball shoes. Prior to the study, the players were instructed to refrain from
caffeine and other stimulants, alcohol and other depressants, and strenuous
physical activities for at least 24 hours prior to the research assessments. They were

also asked to not consume food for about three hours prior to the testing.

4.2.3 Tools

The novel Yo-Yo Recovery Test for Basketball Players was developed for
assessing players’ VO:maxin relation to their reference from specific movements that
are common in the game of basketball (such as short sprints, changing directions,
and defensive strides). During the test, the participants were first asked to run in
one direction for 18 meters along a clearly marked path inside the basketball court,
followed by 2 meters of defensive strides in the same direction. Without stopping
or resting, this was immediately followed by an additional 2 meters of defensive
strides in the opposite direction (i.e., towards the starting point), followed by their
running back to the starting point for another 18 meters. The participants then had
10-20 seconds recovery, during which time they were required to walk 5 meters in
both directions (figure 4).

The speed at which the participants were instructed to run for each round was
dictated by audio sounds. Moreover, this speed increased from round to round.
The participants were asked to perform this procedure until they were too tired to
continue, while wearing an HR band on their chest (GARMIN® Olathe, KS, USA).
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At this point, the total distance that they had covered was calculated (also via audio
recordings), and their physical measures were assessed. (1) Sound file from the

novel test; (2) Formula for calculating

VOomax = 0.0146x + 32.078, with x representing the distance covered during the test
(Gottlieb, 2022); (3) HR; and (4) Table of rate perceived exertion (on a scale of 1-10).

424 Variables

The following three independent variables were addressed in this study,
including (1) gender (male/female), (2) three age groups (according to their
affiliated basketball team): Under-14 (U-14), Under-16 (U-16), and Under-18 (U-
18), and (5) three relative age groups according to the players” month of birth:
tril (January-April), tri2 (May-August), and tri3 (September-December). The
following four dependent variables were also analysed in this study: (1)
distance (m), i.e., the number of meters covered during the test; (2) predicted
VOzmax; (3) HR; and (4) rate of perceived exertion (RPE), on a scale of 1 (easiest)
to 10 (hardest).

4.3 STATISTICS

4.3.1 Statistics of study 1

Standard statistical parameters (mean+SD) were calculated for the
anthropometric data and physical performance test results. Normality was tested
through analysis of the censored exposure data subject to the constrained
maximization of the Shapiro-Wilk W statistics (<30). Reliability of the new test was
measured via Intra-class Correlation Coefficient (ICC), effect size (ES), coefficient
of variation (CV%), The level of significance was set to p< 0.05. Effect size (Cohen’s
d) was used to calculate differences in means, and the following thresholds were
used to express the magnitudes: trivial<2.0, small 0.2-0.59, moderate 0.60- 1.19,
large 1.2-1.99, or very large >2.0, and validity was measured using Pearson
correlation tests. In line with Hopkins et al. (2009), correlation coefficients were
considered trivial (r<0.1), small (0.1<r<0.3), moderate (0.3<r<0.5), high (0.5<r<0.7),
very high (0.7<r<0.9), nearly perfect (r>0.9), or perfect (r=1), Validity and intra/inter-
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evaluator reproducibility were evaluated by the ICC. Analysis of the Bland-Altman
concordance (Giavarina, 2015). Significance levels Confidence intervals were set to
95% for both reliability and validity analyses, were p<0.05. SPSS v17.0 (SPSS, Inc.,

Chicago, IL) was used for conducting statistical analyses.

43.2 Statistics of study 2

In this quantitative study, means and standard deviations (SD) were
calculated for body mass, height, and body fat; independent T-tests were
conducted for age and gender, and 2-way ANOVA tests were conducted to
compare mean differences between the age groups, genders, and relative age
effect groups. Correlation coefficients were considered trivial (r<0.1), small
(0.1<r<0.3), moderate (0.3<r<0.5), high (0.5<r<0.7), very high (0.7<r<0.9), nearly
perfect (r>0.9), or perfect (r=1), Statistical analyses were performed using the
SPSS v.21 software (Inc, Chicago, IL, USA); statistical significance was set at
p<.05.
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5 RESULTS

5.1 RESULT OF STUDY 1

Pearson correlations were performed once for all measures and twice for the
YYRECB (test/re-test), which was found to be reliable, without significant
differences in HRMAX and distances covered. Internal correlation (ICC 95%CI)
between repetitions was 0.971, and coefficient of variation (CV%) 2.66-9.88, until
10% its good.(Table 5).

Table 5 Reliability (Test/Re-Test) for the New YYRECB test

Variable test/retest Mean ES (95%CI) CV% (95%CI) ICC (95%CI)
Level Test 10.94
0.13 5.71 0.953*
Re-test 11.02
HR (end) Test 191
0.11 2.65 0.922*
Re-test 191.57
Total Distance (meter) Test 1605.71
0.52 9.49 0.972*
Re-test 1613.33
Total Time (sec) Test 1006.9
0.38 7.85 0.948*
Re-test 1009.48
RPE (6-20) Test 17.29
1.05 6.01 0.946*
Re-test 17.29
All Variable 0.971

Magnitude of correlation: *nearly perfect

ES = effect size, CI = confidence interval (95%), CV= coefficient of variation,

ICC = interclass correlation (Cronbach's Alpha)

Very high correlations were found between VO2zmax (mL x kg—1 x min—1)
and YYRECB (r=0.769; 95% confidence interval [CI]; P<.0001). Significant
differences were also seen in distances covered in the YYRECB test compared
to those covered in the YYREC1 and YYEND tests (r=0.748 and r=0.723,
respectively; 95% CI; P<.0001), (Table 6).

Bland-Altman analysis of reliability is derived from agreement between
measures (Lu Mj et al., 2016), enabling reporting of the mean bias and the
upper/lower VOzmax. As shown in Table 6, when tested against the VOzmax, the
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innovative YYRECB demonstrated a high correlation for distance (r=0.769).
When tested against YYREC1 and YYEND, the YYRECB demonstrated high
correlations for distance (r=0.723 and r=0.748, respectively). The Bland-
Altman Difference Plot for analysing VO 2max in the YYRECB resulted in zero,
indicating complete agreement and lack of bias (Giavarina, 2015). The
formula for estimating VOzmax in the YYRECB test is: VOzmax =0.0146x+32.078
(x=the distance covered during the test); mean=0. Complete agreement was
seen between the laboratory test and the YYRECB (CI 95% -1: +1, CI mean -
3.5: +3.6), as well as a very good correlation up to 55 ml/kg/min (Figure 5).

Table 6 Validity accociation and agreement between Yo-Yo Tests
YYRECB
Variable
ICC SD Bland-Altman
(CI95%)
Bias VOnzmax VOzmax
(lower) (upper)
YYIR1 0.645% 5.01 6.6 -2.5 2.1
YYEND 0.859* 5.66 3.9 -2.4 0.7
YYRECB 0.769% 3.81 3.6 -3.5 0

*Correlation is significant (p< 0.01) level (2-tailed)
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Figure 5 Formula for estimating VO2max

For the Bland-Altman analysis of VO 2max and YYREC1, mean=2.1 (Figure 6).
As such, 2.1 must be added to the result to compare YYREC1 results to
laboratory results (CI 95% -0.5: + 3, CI mean -2.5: + 6.6).

B ° +1.96 SD
N 3.6

° Mean
0.0

B 0 -1.96 SD
ml 1 1 1 1 1 -3'5I
50 52 54 56 58 60 62
Mean of LAB_vo2max and YYRECB_vo2max
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Figure 6 Bland-Altman Plot for VO2max laboratory and YYRECB tests
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Finally, Bland-Altman analysis of VOxmax and YYEND presented mean=0.7,
as seen in Figure 7. Therefore, 0.7 must be added to YYEND results in order to
compare to the innovative test to the laboratory test (CI 95% 0: +1; CI mean -2.5: +4).

10

+1.96 SD
i 6.6

Mean
0 0 2.1

I . 1,96 SD
T

50 52 54 56 58 60
Mean of LAB vo2max and YYREC1 vo2max

52NN o NN B oo o
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D
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Figure 7 Bland-Altman Plot of VO2max laboratory and YYREC1
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5.2 RESULT OF STUDY 2

Table 7 presents the participants’ physical characteristics, including

body mass, height, and body fat by age group and gender.

Table 7 participants’ physical characteristics

Basketball players’ physical characteristics
BMI
N Body Mass (kg) Height (m) (INDEX)
U-14 71 77.3 1.85 22.59
Male U-16 80 66.3 1.79 20.69
U-18 70 57.8 1.72 19.54
U-14 71 47.2 1.57 19.15
Female U-16 73 57.7 1.62 21.99
U-18 73 59.8 1.65 21.97

Table 8 presents the participants” descriptive data by gender (including age,
distance covered during the test, VOamax, and RPE, and distance by trimester. As
seen in Figure 6, significant differences were seen between the genders in their

mean distance covered, regardless of age, whereby the mean distance for males

(1,421.6+ 218.8 meters) was significantly greater than for females (1,116.9+137.2
meters). Moreover, improvement in these results in line with increased age was

also evident, whereby older players covered greater distances.

Table 7 Participants’ Descriptive Statistics
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gender age no. distance (meter) Vo2max RPE distance by trimester (meter)
jenuary-april may-august september-december
utl4 7 1274.31£195.5 50.68+2.8 749:048  1409.23:178.9*  1219.05+89.1* 1176.67+203.2
Male u1é 80 1383+233.13* 52.27+3.36 7.58+0.49 1360+250.67 1392+189.78 1360+250.67
u18 70 1607.43+226.03* 55.5+3.5 7.7+0.56 1560+249 1576+213.6 1681.67+210.83*
uld 71 1056.341137.3 47.5+1.99 7.610.54 1204+104.13 1023.45168* 946.09+44 4*
Female u1é 73 1212.60£129.4* 49.78+1.87 7.61£0.56 1342.4+100.7  1190.67+66.17* 1068.89+40.7
u18 73 1231.78+144.8* 50.06+2.1 7.62+0.48 1385.60+101.9  1209.09+72.9* 1103.08+68.04

Legend:* tril-tri3 * tri2-tri3 *age from previous age group; * gender (P<0.05)

In addition, interactions were also seen between age and gender, whereby

improved distances in the female participants began to decrease after the age of 16,

unlike the continued increase seen in males at the same ages (Figure 8).
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Figure 8 Average Distances Covered by Gender (boys and girls in different age)

* Boys: U-18-U-14 and U-18-U-16 and U-16-U-14; (p<0.05)
* Girls: U-18-U-14 and U-16-U-14; (p<0.05)
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difference between gender and age
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Figure 9 Differences in Average Distances by Age and Gender Interactions
* Between boys-girls in U-14 and U-16 and U-18, (p<0.05)

The male participants showed consistent significant improvement in the
mean distances covered by age, with a significant increase from U-14 (1274.3+195.5
meters) to U-16 (1383+233.1 meters), and from U-16 to U-18 (1607.4+257.8 meters)
p<0.05. With the female participants, on the other hand, no such consistency was
seen, in light of an increase from U-14 (1056.3+1212.6 meters) to U-16 (1212.6+129.4
meters), yet with no significant change from U-16 to U-18 (1231.7+144.8 meters), as
depicted in Figure 9. Moreover, when examining interactions between gender and

time, different results were seen for each trimester.

When examining RAE among all age groups of female participants, a
significant decline was seen in performance between trimesters, with the highest
score awarded on the first trimester (1329.8+116.5 meters), a steep decline on the
second trimester (1135.8+108.5 meters), and the lowest was seen for the third
trimester (1040+87.8 meters), as seen in figure 8. For the male participants, however,
interactions were seen across all three trimesters, in addition to an interaction
between time and gender. As seen in figure 9, while the results of the U-14 male
participants followed this pattern of decline throughout the year (tri1=1409.3+41.6
meters; tri2=1219+46.3 meters; and tri3=1176.6+43.3 meters), this pattern is not seen

in the U-16 or U-18 age group.
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Figure 10 Female Participants: RAE and Mean Distances Girls, U-14, U-16, U-18

* p<0.05 tril-tri2 and * p<0.05 tril-tri2 (U16) * p<0.05 tril-tri2 (U18)

tril-tri3 (U14)

* E3
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Figure 11 Male Participants: RAE and Mean Distances Boys, U-14, U-16, U-18

* p<0.05 tril-tri2 (U14)
* p<0.05 tri3-to tri2 and tril (U18)

The declined performance among trimesters in the male U-16 group was
smaller than that of the female U-16 group and of the male U-14 group. For
all groups, most declines among trimesters were seen between tril and tri2,
that also exhibited a significant decline between tri2 and tri3. However, in the
male U-16-year group, no decline was seen between tril and tri2, and the

decline that was seen between tri2 and tri3 was very small. Interestingly, for
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the male U-18 group, a significant increase was seen between all three

trimesters (1560 meters tri 1, 1576 meters tri 2, and 1681 meters tri 3

The participants” subjectively exerted effort was significantly higher than the
measures presented in the literature regarding RPE (Borg, 1998), thereby
indicating that they found the test harder than would have been expected of
them. No significant differences were found in RPE between the age groups
and genders (p<0.05).

Table 8 Achievements Table (Yo-Yo Recovery Test for Basketball Players) Girls U-14, U-16, U18 and
Boys U-14, U-16, U18

Achievement table (yyrech)

FEMALE MALE
assessment distance {(m) age assessment distance (m) age
excellent 1370= excellent 1800=
very good 1231-1370 very good 1601-1800
good 1091-1230 u18 good 1401-1600 u18
poor 951-1090 poor 1201-1400
unprepared 950=< unprepared 1200<
assessment distance (m) age assessment distance (m) age
excellent 1330= excellent 1610=
very good 1201-1330 very good 1381-1610
good 1071-1200 u16 good 1151-1380 u1e
poor 941-1070 poor 920-1150
unprepared 940= unprepared 920=
assessment distance (m) age |assessment distance(m) age
excellent 1180= excellent 1460=
very good 1051-1180 very good 1271-1460
good 921-1050 U4 good 1081-1270 U4
poor 791-920 poor 891-1080
unprepared 790= unprepared 890=
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6 DISCUSSION

This study determined the validity and reliability of a new specific field
test, that could optimally predict VOzmax for a B player. The main findings of
the present study were: The results showed that the new version of the Yo-
Yo (YYRECB) test, with effort patterns replicating real B sessions, could be
considered a valid and reliable B-specific field test for assessing B players’

endurance fitness.

The medium values of VO:max in B for enough aerobic capacity is
around 55 ml/kg/min, so, the players that reach 1600 meter, can stop the test,
and need to maintain this aerobic conditioning in the B practices. The
demands of the test for reaching the target are less time consuming and thus
advantageous for the players. No difference was found in RPE and HR
among tests (Lab, yyend and yyrecl), showing that the objective subjective

variables were similar with this new version.

The aerobic and anaerobic capacity of an athlete, may determine the
outcome of the competition and therefore it's important to evaluate the
athletes’ ability regarding these aspects during practice (S6zen, & Akyildiz,
2018). In particular, traditionally, the aerobic capacity of an athlete has been
evaluated using different methods, including continuous exercise tests such
us the 12-minute running test VOzmax test in the laboratory (Bangsbo, 2012).
In this sense, the VOzmax is a widely used measurement for physical activity
and refers to the “maximal rate at which oxygen can be taken in, distributed,
and used by the body during physical activity” (Akalan, Kravitz, & Robergs,
2004). It is the most common measure referred to by trainers in the tracking
of their players’ activities related two aerobic performances. The VOzmax is
measured as millilitres of oxygen per kilogram of body mass per minute and
therefore, a high VOzmax can be representative of a high level of fitness (Tiago.
et al. 2008). Directly measuring VO:max in the laboratory requires specialized

personnel and extensive equipment, making this type of testing costly and
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impractical to conduct by the trainer in the field (Akalan, Kravitz, & Robergs,
2004).

These tests are especially important among children and teenagers so that
coaches can see whether players are developing in terms of physical fitness
as they get older. The B involves specific movements of the players on the
field (Petway et. Al. 2021). These movements include repeated sprints with
limited recovery time between the sprints (Meckel, 2008), as well as the
frequent changing of the direction of movement. While the measurement of
VOzmax in the laboratory can be used to evaluate the player’s aerobic
capability, measuring VOzmax in a field test is (Gottlieb et. Al. 2021) expected

to provide this capability more effectively.

The aim of the study was to test the validity and reliability of a field test
used to measure the PLAYER’S aerobic capacity during activity and which
included specific movements aligned to duplicate the movements observed
during a B game (Gottlieb, 2022).

The development of this field tests has enabled less time consuming
and lower cost assessment of the physical capability of players on the field
(Gottlieb, 2021 The Yo-Yo intermittent recovery level 1 (YYREC1) test is a
field test that is used to assess VO:max without involving laboratory facilities
(Castagna ,2007). The results from the YYREC1 are used to estimate
VO:max. The YYRECT test focuses on the capacity to carry out intermittent
exercise leading to a maximal activation of the aerobic system (Schmitz,
Pfeifer, Kreitz, Borowski, Faldum, & Brand, 2018). In this study, the validity
and reliability of a new field test that VO:max in B players were tested. Testing
of the correlation and agreement of the new field test (YYRECB) against a
VOomax test in the laboratory, that represents the ideal scientific test, was
conducted. In the Bland Altman analysis, completed agreement was found
between VO:zmax in the laboratory and YYRECB. Correlation and agreement
were also tested against other recognized field test methods (YYEND and
YYREC1). YYEND and YYRECI1 have been shown to be highly correlated
with VOzmax (1= 0.77/0.92) respectively. The Bland Altman analysis of VOamax
in the laboratory and YYRECI, showed that 2.1 must be added to the result
to compare to the laboratory test. The Bland Altman analysis of VO2max in the
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laboratory and YYEND, showed that an addition of 0.7 to the result is needed

to compare to the laboratory test

The demands of the test for reaching the target are less time
consuming and thus advantageous for the players. The results from the study
showed that the new version of the Yo-Yo (YYRECB) test, with effort patterns
replicating real B sessions, can be considered a valid and reliable B specific
field test for assessing B players’ endurance fitness. The B’s unique
requirements for aerobic capacity stem from the nature of the intermittent
activity during the game. Although Yo-Yo tests have been used to test for
aerobic capacity in players, research has not shown any test to be specifically

aligned to correspond to the ratio of activity to rest.

Displayed by the players during the B game. In this study, a unique
aerobic field test (YYRECB) to estimate VOzmax was introduced and tested for
its reliability and validity in examining the aerobic fitness of players. The field
test was designed to align with the specific needs of B players. Accurate
assessment of the aerobic capabilities of B players enables the trainer to adapt
their training program according to the needs of the players and for the
players to maintain optimal aerobic conditioning throughout the B season.
When tested using effort patterns that closely replicated movement on the B
court during real B session, the new version of the Yo-Yo test (YYRECB) was
shown to be a valid and reliable B specific field test. Its use is valuable for
assessing B players endurance fitness. The findings from the study also
indicate that YYRECB can be considered a specific field test for B, providing
the coaches with an indication of the aerobic energy capacity of the players
during intermittent activity during a B game. Therefore, the use of the
YYRECB test by B coaches and fitness trainers may be considered of value in
attaining an acceptable and accurate indication of the aerobic capacity of their
B players. The Yo-yo test performances have been shown to be highly
variable during different periods over the course of a season of football
league with peak performance in soccer often demonstrated mid-season
(Mohr, & Krustrup, 2013). Thus, to provide a more accurate indication of
aerobic capability of players throughout the season, the recommendation for
the practical application of the YYRECB test is for it to be conducted 3 times
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per year. The first test may be carried out after one week into pre-season. The
test may be conducted for a second time after 3-4 weeks in pre-season and
finally, repeated for the third time, in mid-season. Based on these findings,
future studies may include modifying the YYRECB field test for use in
various additional sports, especially where the movements of the players
may follow patterns of intermittent activity, similar in nature to those

observed in B.

The study highlights the importance of VO:max in the performance of
young basketball players, as it affects their ability to perform strenuous
actions with active and passive recovery. The Yo-Yo Recovery Test for
Basketball Players, which is a unique field test that evaluates VOazmax
specifically for basketball players, was used in this study to examine
differences in VO:2max by gender, age group, and RAE. Results showed that
male participants had higher VOomax than female participants in all age
groups, and that older players performed better than younger ones.
Moreover, the effect of age on performance varied by gender and within the
female participants, with different improvement patterns seen in male and
female players. Additionally, RAE had an impact on performance, with
different results seen across trimesters. The participants’ self-reported RPE

scores indicated the reliability of the Yo-Yo Recovery Test for

Basketball Players. This study could provide valuable insights into the
training and performance needs of young basketball players, and could help
coaches and trainers develop more effective training programs tailored to the
specific needs of each player.

The development of field tests has emerged as an alternative approach
to evaluate VOzmax, allowing trainers to evaluate their players in the field
without requiring specialized equipment (Gottlieb, 2022). One of the most
popular field tests used to assess aerobic endurance is the Yo-Yo intermittent
recovery test level 1 (YYREC1), which has been shown to be a valid and
reliable measure of VO:max in a range of athletes (Bangsbo, 2012). However,
the YYRECI is not specific to any particular sport, and therefore, there has

been a need to develop sport-specific field tests.
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The present study aimed to determine the validity and reliability of a
new B-specific field test, the YYRECB test, which replicates the effort patterns
of real B sessions. The results showed that the YYRECB test is a valid and
reliable measure of endurance fitness in B players, with no significant
differences found in RPE and HR between the test and other measures such
as the lab test, YYEND, and YYREC1

The target VO:max for B players is around 55 ml/kg/min, and players
who reach 1600 meters in the YYRECB test can be considered to have
achieved this target. The advantage of using the YYRECB test is that it is less
time-consuming than other traditional methods, making it more practical for

trainers to use in the field.

Overall, the development of sport-specific field tests such as the
YYRECB test could provide trainers with a more accurate and efficient way
to evaluate the aerobic capacity of their players. This information can be used
to design more effective training programs that target the specific needs of

their athletes, ultimately leading to better performance outcomes.

The nature of the B game involves specific movements and repeated
sprints with limited recovery time between them (Meckel, 2009), as well as
frequent changes in direction. Measuring VO:max in the laboratory can
evaluate a player's aerobic capability, but a field test is expected to provide
results more aligned with a player's capabilities during a game. The aim of
this study was to test the validity and reliability of a field test designed to
measure the aerobic capacity of B players during activity, with effort patterns

replicating those seen in real B sessions (Stojanovic, 2017).

The Yo-Yo intermittent recovery level 1 (YYREC1) test is a field test
used to assess VO:max without laboratory facilities (Bangsbo, 2012).. In this
study, the validity and reliability of a new field test (YYRECB) measuring
VO:max in B players were tested. The new field test was compared against a
goal standard VO:max test in the laboratory, which represents the ideal
scientific test, as well as against other recognized field test methods (YYEND
and YYREC1). The results showed that YYRECB was a valid and reliable B-

specific field test for assessing B players' endurance fitness. Therefor the new
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version of Yo-Yo test may be considered as a good and applied field test

which to replace the old version

The target VOumax for B players to have enough aerobic capacity is
around 55 mikgmin. Players who reach 1600 meters can stop the test but need
to maintain this aerobic conditioning during B practices. The results of this
study indicate that accurate assessment of the aerobic capabilities of B players
enables trainers to adapt their training program according to the players'
needs and for the players to maintain optimal aerobic conditioning

throughout the B season.

The YYRECB was shown to be a specific field test for B, providing
coaches with an indication of the aerobic energy capacity of players during
intermittent activity during a B game. Therefore, the use of the YYRECB test
by B coaches and fitness trainers may be considered of value in attaining an
acceptable and accurate indication of the aerobic capacity of their B players.
To provide a more accurate indication of aerobic capability of players
throughout the season, the recommendation for the practical application of

the YYRECB test is for it to be conducted three times per year.

In conclusion, the main findings of the present study suggests that the
YYRECSB field test could be considered a valuable validity and reliability tool
for assessing B players' endurance fitness. Future studies may include
modifying the YYRECB field test for use in various other sports, especially
where the movements of the players may follow patterns of intermittent

activity, similar in nature to those observed in basketball.
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7 CONCLUSIONS

7.1 GENERAL CONCLUSIONS

The scientific literature suggests that highly conditioned players elevate the
level of basketball. Conditioning is key for consistent high-level
performance throughout the season. However, there is a concern that
excessive focus on intensive training and competition at a young age
mostly, may impede an players ability to develop transferable athletic skills
and increase the risk of burnout and injury. Basketball players require a
combination of horizontal and vertical triaxle movements model, which
makes it challenging for fitness coaches to choose effective training methods

and tests for assessing power.

Studies show a correlation between horizontal and vertical power in
basketball players, but there is a lack of specific tests for assessing power
where these movements are combined. There is a need for sport-specific
tests that reflect jumping ability and power in basketball. Improvement in
performance could be achieved through various types of training, but it is

unclear whether these improvements can be transferred to game situations.

Aerobic capacity is essential for rapid recovery from sprints and
repeated jumps in basketball. Both anaerobic and aerobic energy pathways
contribute to energy sources, causing fatigue and lowering the rate of
activity, which impairs a player's game quality. There are various
laboratory and field tests available to measure aerobic capacity in basketball
players, with the laboratory VOzmax test being the most accurate but costly.
Field tests such as the Cooper test and Level 1 Yo-Yo tests yield good
predictions of VOzmax, but sport-specific elements need to be considered

when adapting the tests for particular sports.

Overall, the transfer of physical improvements from training to team
ball games is difficult to predict, considering technical abilities, complex
interactions between players, and other factors. Coaches and fitness coaches

need to find the most effective training methods and tests that reflect the
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specific demands of basketball to enhance performance and reduce the risk
of injury.

In summary, basketball players require a combination of horizontal
and vertical movement's triaxle, as well as a high level of aerobic capacity,
to perform at a high level. There is a need for specific tests to assess power
in basketball players, especially for movements that combine horizontal and
vertical planes. While various training methods have been shown to
improve physical abilities, it is still unclear whether these improvements
can be transferred to game situations. Coaches and fitness coaches must
correctly measure their players' aerobic capacity before the season begins,
and while various field tests are available, they must be adapted to the
specific demands of the sport. Finally, predicting the transfer of physical
improvements from training to team ball games is challenging due to the
complex interactions between players and technical abilities required in the

game.

7.2 SPECIFIC CONCLUSIONS

The specific conclusions of the studies comprising the present thesis
are displayed below. Importantly, the following conclusions are only
applicable to players with similar characteristics to those presented in each

investigation.

7.2.1 REVIEW ARTICLE — THE NEEDS FOR FIELD TEST

Basketball players require a combination of horizontal and vertical
movements, triaxle as well as a high level of aerobic capacity, to perform at
a high level. There is a need for specific tests to assess power in basketball
players, especially for movements that combine horizontal and vertical
planes. While various training methods have been shown to improve
physical abilities, it is still unclear whether these improvements can be
transferred to game situations. Coaches and fitness coaches must correctly
measure their players' aerobic capacity before the season begins, and while

various field tests are available, they must be adapted to the specific
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demands of the sport. Finally, predicting the transfer of physical
improvements from training to team ball games is challenging due to the
complex interactions between players and technical abilities required in the

game.

7.2.2 STUDY1

The YYRECB test is specifically designed to evaluate the aerobic
capacity of Basketball players and can provide valuable information about
their performance and training needs. Given that the test is conducted on a
basketball court, it is more relevant to the demands of the game compared
to laboratory-based tests. Additionally, the test could be modified to suit
players of different ages and fitness levels, making it a versatile tool for

evaluating and improving the performance of Basketball players.

7.2.3 STUDY?2

This study introduces the Yo-Yo Recovery Test for Basketball Players
(YYRECB), a new assessment tool for evaluating the aerobic capacity (VO
2max) Of young basketball players in a specific and accurate manner on the
basketball court. The study involved male and female players from five
different league clubs, and the results showed that young male basketball
players aged 14-18 have greater aerobic capacity than female players of the
same ages. In addition, relative age effects (RAE) were observed in young
male players of all age groups (U-14, U-16, and U-18), but not in young female
players.

The YYRECB test has several advantages over traditional laboratory-
based tests, as it can be conducted on real basketball courts and requires less
time and distance for obtaining the required data. The test could also be
modified to suit players of different ages and fitness levels, by adjusting the
duration of active recovery periods or increasing the running distance or
speed. The study recommends that coaches and trainers take into account the
differences between young male and female players when planning training

programs, especially during the age of pubertal changes.
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Overall, the YYRECB test provides valuable insights into the recovery
capabilities of young basketball players and can be used by coaches and
trainers to plan effective training programs and optimize performance

outcomes by gender and age.



VIII - LIMITATIONS AND
FUTURE WORK






CHAPTER VIII - LIMITATIONS AND FUTURE WORK 107

8 LIMITATIONS AND FUTURE WORK

Some limitations of the studies composing the present thesis must
be addressed:

Although this study has made significant contributions to the field, there are
some limitations that should be considered. One potential limitation is the
fact that the ability to change directions in basketball is a skill that improves
with practice, so the results of younger participants may be affected by their
lack of technique. Additionally, recovery time between rounds in the test is
predetermined, which is not the case in real basketball games where recovery
times may differ. To address these limitations, future studies could include
random recovery times between runs (such as 5, 10, 15, or 20 seconds) and an
additional task that involves making basketball-related decisions, such as
shooting, passing, or dribbling, after each round. These modifications would
provide a more accurate representation of the demands of a real basketball

game and improve the ecological validity of the test.

Despite its theoretical and practical contribution to the field, the current
study has limitation, only youth male basketball players participated in the
study.

Future studies could benefit from evaluating the test based on a larger range

of gender, ages, and positions, to enable generalization of the findings.

Based on the findings of this study, the new version of the Yo-Yo test may be
considered a suitable field test to replace the old version. Coaches and fitness
trainers in basketball can easily administer this test on the basketball court
and estimate VO:max based on the distance covered. These results are in
contrast to other studies that found a significant correlation between the two
versions of the test. These findings are particularly important in basketball
because the new test, which includes more specific movements such as
changing direction and defensive slides, is likely to be more effective and

related to the game.

After the completion of the present thesis, future research lines arise

from the results obtained. In this regard, potential future investigations that
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could bring further understanding on the topics studied herein are presented
below: To develop a basketball-specific test, it is essential to consider the
fundamental movements and skills required in basketball, such as running,
jumping, changing directions, and dribbling. These movements should be
incorporated into the test to ensure that it accurately measures the abilities
required for basketball performance. In addition, recovery times between
rounds in the test should reflect the recovery times observed during actual
basketball games. Furthermore, it is important to consider the energy systems
utilized during basketball play. Basketball is characterized by short bouts of
high-intensity activity interspersed with periods of low-intensity activity. As
such, the test should reflect these energy demands to ensure that it is a valid
measure of basketball-specific fitness. This could be achieved by
incorporating periods of intense activity, such as sprints, into the test. It is
essential to establish the reliability and validity of the test. To achieve this,
the test should be administered to a large and diverse sample of basketball
players to ensure that it accurately reflects the demands of the sport.
Additionally, the test should be compared to other established measures of
basketball performance to establish its validity.

In summary, developing a basketball-specific test that accurately
measures the abilities required for basketball performance is essential. Such
a test could provide coaches with a valuable tool for assessing their athletes'
fitness levels and monitoring their progress. However, to ensure the test's
effectiveness, it is crucial to consider the fundamental movements and energy
systems required in basketball, incorporate recovery times that reflect actual

game situations, and establish the test's reliability and validity.
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MNrurcmuscuiar fexfy {anacrobic):

31im aprinh frem a isuding gt —

athleiea 'I.'I'_i ape of wu-l:u:l: mvalves the
Bolic x g diming By type of
cocrews, wxoch oo SRIIEY r:\.lh: oomvtrdination,
adcwaice trphaphate depletion and soynifcsiy,
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piyeclyain ond  plycocgenclysia, el pusine
Jeotide [can. A af RSA, on o oy
=nd h tzal, i ales d (57 exal.
2015). Thc sooopmition of the importont molc of
REA for poriccmanee n bokictbell hes lod b= the
wide usz of ESA-beaed tmab omaong Bolethed
plzyem an part of routine fitoex toemy [Copema
et al., DH2; Bleckel e o, 2009 o well 22 for
fraining scarizn stroioyy [ Attone et ell, 20LS).
Crunfrrmememend e (D)) 2o — i

Soat zascacy wertimnl pewer oo oaingle jusm
Tumpa begin while standicg steope. then knoes
arc Bont ool qraickly cxbondod while keaving the
mround emell sining 80 e meximel howke Henads
arc wmaslly pherod on e B m ooodo @
scutsnErs memendum from the or=a Ench etiilete

] 1

Etarting Epodd fnab Eloa bomt 1 h
power widk p & cychzel -
apricgs froem o sicnding wiest. THe Sicst axicp o

depiaive in the sxemimes’s achiovement. Tamea &
exxnelly 1 By ph 1 ecllh ar

Optcjump  (Missogsiz Baiyl Esch  player
performa I aprick froem o bigh akart, with 35 oem
cf rext Eotween sura, The Boat Hime i recoeded

k. izmal jampe with oot I min of
-:r'b-:l:w—.:n jezrpa. Jumps onc uaunlly pocformed
mxmy Optojomp, wiech & connocksd b0 a digricd
Emer that conri fimc I aic b B fomp boeie,
er o fores pless which contoo scnsars dhatk

the b 4 by the foct (Gattich
etel,. 2014 [-.-a:ﬁm,.l;* Shoher, 20113

Eouxt jump Bt — in the mme way, it &

{Bedcomes, 3006; Cottlick o= ol, I004: Hof
15%5¢; Skmher, 2011).

20/30-n apmint ot from a sfandng wart —
Abplute Sgead doe this doat sl eveloabes
Prsizonial power whik poformeny o opclicel
ovement - aprints froen o akxndicg store The
abibity bo acccicrabe i docisnee :acﬁnnd -:-J:I
Timca esc umally 1 by p |
cclla ar l\_'pnqu:r.:.-:l. Eechi pleyr porfor=m twa
apricés fram o sizselmg it wikh -3 =on aof ok
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and Coher, 2008; Cottich ct ol, 2014; Hoffman,.
1556 Migikio ctal., 200%; Shohex. 2011}

Frreas Spring Ablzy [RSA/Tor - Ecld-

B 2 aques = 2 o teat Floyem
amrume o Jow aquet ]::n:m bovemers @
astappad ol Ben the aifdcic jomps o Foglh o
they com Sroon B pamsian, withi Banda on hipa ar
Ectond their badt (Garce-Lapex i al., 2005}
Etaring broad jump — athlcics aeed wibh
Ecth ke togethor. Thoy Bond Bicir knecs ond wac
aom =vamenium in ander fa jump. The longei
jume of 3 etizropds s reooeded e the rermht Een
athlcic Ells heckwend the jump ooune B repoicd.
Altbough the standirg brood jusp was part of the
Ohympic Game sifikcio commpetitora Snoo 1R
g2 1511, i bomx oot beon puort of eogulor
eoemmetitora weeldwide for mees hen o cotusy.
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wex of di x whtich requine, omang etber

thingy, premt cxplagve steeoghe Floyers mesd
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=dcweyy rarmung. b addiizon, it is imporiec: o

apocty ¥ atll ook berta bo sflect
as doacly ax poasikle :'hl].lhl:lcl: oihlcics requissid
i e grame inel.

The ostivity cf Badkettall ployem o bassd
on 2 cocmbinoton of honroodel mowvemonis
jrprinis  ecdl fonges of discobom], werticel
=ovementy fjump shots and  ochounda), =ed
=wrement thet combine the fwe moement
plzncy, moinby when penctratog bo e baakct
and blocking shob. Thox o Fogkedmicoatcy
sovcment thot ame wwoddly  pecfoomed

=—ention thet e oty b chenge di
g kigh tocheccs]l alElh combined wits
wriqos ey work (Teppord ol Young, HI0S:
Wrmge ct ol, 20001 Many opliey émab can be
fzand in the Ederoturs. The bve menticewd hee
ar: among the mant d fe ing the

dr  dh ] ihe gamc ond ak

different Lrb:n:].l by pleyor = the vorioen
penitiorn on the court (Gesthick or ol 1114).

This combincd nvpes of —wovement he

exusedl Stneaa caaches, physiclopaes, e ctfer

1 hih:E:lﬂh:l:uL‘::mrl:FE:-h.\-:

T -3

hada for eradl Azvel

Jonzve strength of bobkicihall ployers (Dl
and Coher, 20aE):

1 x 5m aplity taf dhis et SeeaesTa
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ghe atarting peink, 2 bofal of 10 m of romning. The
fcat can mse phatoclecinie colly ar an Optojump
Fpatsm fD ElacE Delestrar 2
Ceben, 23008; Sheppend ond Voumy, 2008 Wrmpe
et el 2000).

T iext (5105 Shubtle): tide &n an oty doak

Pnecal oiksica in bealicihall ployers {Dck

and Calfen, 200E; Gotilic ot o, 2014). Today, o
SHinoo coocdhes delibomic long ere Fard cbout
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morasc the ok of Pumauot and ovcuac injury
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Akl with it Bines nE Boci 1 andl
wergcel k- In o ke, Thas
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awudy by Sheppesd ot al. (200E) revealad & xtrang
coorccton  Bobwoom werfienl  jumg (OB
performznee el #ie jomp scne which combiney
Eeth berzonim] and wertiel copanent o docy
the aptie jomp. This scoma fo ndicoie et
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18]. wiich crusc fxtiguc
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Feight. Yo 3 oruat be Repe i oired ghat Sowe apomes
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the principle of apesiScity in
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2l oy ik dn peTS 1 in games Ta
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soecnery E=ne. Spect in gereral, anadl Boakicikedl i
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achwibcs - in other 'n'l::ﬂl neoy inbonec oobivibos
with ahart vl da. H the dzaks
ars nat adapted apecifeally to pertoalar ypares. [n
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10.2 APPENDIX 2

VALIDITY AND RELIABILITY OF A UNIQE AEROBIC FIELD TEST FOR
ESTIMATING VO2MAX AMONG BASKETBALL PLAYERS

Reference:
Gottlieb, R., Shalom, A., Alcaraz, P.E., & Calleja-Gonzalez, J. (2022). Validity
and reliability of a unique aerobic field test for estimating VO2max among
basketball players. Scientific Journal of Sport and Performance, 1(2), 103-114.
https://doi.org/10.55860/TRMF2461.
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ABSTRACT

This study aimed at developing and validating an innovative field test for measuring the aerobic capacity of basketball
players during games. Such capacity is necessary for recovering from high frequency anaerobic actions such as
sprinting and continuing to perform well. To recover, the body must rebuild its creatine phosphate reserve and emit
accumulated phosphate in very short periods of time. The participants included 21 male basketball players on an elite
youth league in Israel, aged 16.4 years on average. In addition fo parficipating in the proposed test (Yo-Yo Recovery
Test for Basketball Players) twice (test/re-test), the players also performed three previously validated tests (Bruce
Protocol Stress Test, Yo-Yo Intermittent Recovery Leve! 1 Test, and Yo-Yo Endurance Test). For each test, the players'
time and distance covered were documented, as were their maximum oxygen consumption and heartrate during
recovery, and their perceived level of exertion. Our findings indicate the validity and reliability of the proposed aerobic
field test for basketball players. Moreover, the test requires shorter times and distances for obtaining results than the
other three tests. As such, this tool could be highly beneficial for basketball coaches in creating optimal training
programs and game plans for each individual player and for the entire team.

Keywords: Performance analysis of sport, Fitness field test, Maximal aerobic capacity, Anaerobic activities, Yo-Yo
Test.
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INTRODUCTION

Team sport games in general, and basketball in particular, are characlerized by short intense activities that
are repeatedly carried out throughout the game (Petway et al., 2021). These include short intense activities
such as jumping, sprinting, change of direction, and agility, as well as moderate-intensity exercises that last
up to 60 seconds (Stolen, 20085). In addition, basketball players also need to present aerobic capabilities
{Mancha et al., 2019) during games and practices (Castagna et al., 2008), and as such, nead to also develop
sirang aerobic capacities (Padulo et al., 2016). Due fo their impoertance to the players’ performance, a range
of methods for testing aerobic and anaerobic athletic capabilities have been developed over the past two
decades (Petway et al., 2020).

After performing intense activities during practices and games, the athlete’s body needs to produce
adenosine triphosphate (ATP), creatine phosphate (CP), and glycolysis (Gastin, 1993). Rebuilding CP
requires the use of blood lactate concenfrations and the removal of phosphate that accumulates in the cells
{Wragg, 2000). Yet short recovery periods while playing basketball and other ball games are not always
sufficient for refilling these resources after high intensity activilies, and it is therefore difficult for players to
consistently achieve the same level of performance throughout the game (Meckel, 2009a). In other words,
the players' ability to continuously play well over time throughout the practice or game depends on the
rebuilding of their CP reserves and removal of waste products (Meckel, 2009b). Moreover, since the
intreduction of the 24-second shot clock (Abdelkrim et al., 2007), the cancept of playing quickly has become
even more crucial among players (Petway et al., 2020). In fum, this has led to even higher physical demand
on players, increasing the importance of explosive strength (Stojanovic et al., 2012). As a result, fitness
professionals strive to develop effective training methods for promoting and developing the physical abiliies
of basketball players (Freitas etal., 2017), as well as oplimal technigues for menitoring and evalualing various
filness components (Edward, 2018) as a means for enhancing the players’ ability to perform at their optimal
and maximum capacity (Freitas et al., 2019).

While basketball is considered an anaerobic-dominated game (with actions including jumping, changing
direction, and footwork), these activiies occur with such high frequency that they take their toll on the players
{Castagna, 2008). During a game, a basketball player performs an average of 105 intense movements (each
lasting two-six seconds) every 21 seconds while the clock is running. These movements lead to the
consumption of 60%-75% of the body's maximum oxygen consumplion (VOua); the players hearirate
reaches 70%-90% of their maximum heartrate (Meckel, 2009a). While the overall distance that a player
sprints during the game accounts for less than 10% of the overall distance that an athlete moves throughout
the game, these infrequent sprints have a significant impact on the players’ athletic capabilities and
performance during a game (Wragg, 2000). Mareover, the ability to recover from these activities and repeat
them without fatigue is based on the fast renewal of CP stores and the fast removal of lactic acid from the
muscle. Research indicates that a high aerabic capacity (measured via the player's YOzwes) may enhance
this recovery process, enabling the player to perform high intensity actions throughout the basketball game
(Glaister, 2005). The VOzwax measure relates to the maximum rate at which the body can inhale, distribute,
and usa YOz while performing physical activity (Akalan et al., 2004). For basketball players, optimal VO zme:
is 55 ml'kg/min (Marinkovic, & Paviovi¢, 2013).

Aerobic capacity assessments

A range of tests have been developed for evalualing aercbic capacity and determining the physical
capabilities and limitations of basketball players (Mancha et al., 2019). These can be usad by professionals
to design physical training programs that fit the players’ level, track the players’ filness levels over time, and
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create goals for the players. This is especially imporiant, as different sports require players to exert different
types and degrees of efforts and present different physical capabilities. For example, baskethall players need
different levels of VO zana than players of other team sports. As such, the demand for accurate and applicable
field testing is of great impartance and value (Stone, 2007).

Compared to laboratory tests, field tests have many advantages (Meckel, 2009a). For example, they can be
conducted on a large number of players simultaneously (such as an enfire basketball team), and they convey
a more complele picture of the athletes’ coping mechanisms for dealing with physiological, fechnical, tactical,
and mental obstacles during a game - thereby reflecting the true nature of the field in a more accurale
manner. In other words, while running on a treadmill in a laboratory may provide researchers with important
data and insights, this is not the same as actually running in the field, changing direcions {Mancha-Trguero
etal, 2019).

As such, aerobic conditioning, which relates to sport-specific adaptation raining and incorporates skills and
movements that are specific to the sport (Stone, 2007) and at intensities that are sufficient for prometing
aerobic adaptation, has been increasingly implemented in professional team sports, including basketball.
Specifically with basketball, aerobic capacily assessments are imporiant for evalualing players' recovery
abilities from both aerobic and anasrobic activiies, and they can provide a strong baseline for conducting
professional conditioning (Stone 2007), while offering indieations about planning and future training, and
allowing coaches to understand which faciors could assist in improving, maintaining, or increasing players'
finess levels while performing at their optimal levels, given that few specific lesis are used to assess this
quality in athlztes (Mancha-Triguero et al., 2019).

While observing 20 basketball games in the lsraeli Premier League, the authors of this study cbserved that
basketball players have incomplete recovery times, which only last between 10 seconds (with fouls that do
not require free throws) 1o 30 seconds (with fouls that result in two free throws) during the game, about a
minute during fimeout, and longer than two minutes between quarters. On average, recovery times were
observed approximately every three possessions. Due to the flow of the game of basketball, it is important
to develop a unique aerobic test which can predict players’ VO that is nesded for recavery, based on
movements such as running, changing directions, and defensive strides (Manch et al., 2019), according o
the frequencies and durations of recovery during games (Calleja-Gonzalez et al., 2016;Calleja-Gonzlez et
al., 2018). The VOsznex is measured as milliiires of oxygen per kilogram of body mass per minute (mikg/min),
and could depict high filness levels (Figueira ef al., 2008). Mareaver, VO is considered an optimal index
for measuring aerobic capacity and maximal cardiorespiratory function (Hawkins et al., 2007). To the best of
our knowledge, the literature lacks input regarding aerabic tests that examine activitylrest ratios, as well as
related physiological aspects, among players during a basketball game.

The main aim of this study, therefore, was fo develop and check the validity and reliability of a unique
basketball field test thal measures the aerobic capacily of baskelball players during the game, while
accurately replicating players’ movements observed during baskethall games. Such a tool could be beneficial
i basketball coaches and trainers for designing and stralegizing optimal game plays for the team as a whole
and for the individual players.
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MATERIAL AND METHODS

Participants

Atolal of 21 basketball players on an elite youth league in |srael parficipated in this study. On average, these
male parficipants were aged 16.4 years (£0.5) with height = 180 cm (+5.5), body mass = 72 kg (+4.9), and
body fat = 10.8% (1.9%). They had been playing basketball for eight years, and their weekly routine
included five basketball practices, two fitness practices, and one league game per week. Four inclusion
criteria were applied in this study, whereby the player had: (a) paricipated in at least 90% of the weekly
training sessions during the 10-month season leading up lo the research; (b) regularly participated in the
previous competitive season; (¢) had a clean bill of health; and (iv) had not incured injuries or pain and were
not administering medicafion.

To reduce interference in the experiment, the participants were asked to refrain from consuming stimulants
(9., caffeing) or depressants (e.g., alcohol) for 24 hours prior fo the testing, and to refrain from eating for
about 3 hours prior o the testing. They were also asked to avoid strenuous activity for at least 24 hours
before the testing. As the participants were minors, their parents signed an informed written consent form.
Although anonymity could not be assured due to the nature of the study, all data obtained were treated with
the utmost confidentiality and scientific rigor and were used solely for the purpose of this research project.
The study was conducted in compliance with the Organic Law 15/1999 of December 13 on the Protection of
Personal Data and the 2008 Helsinki Statement, updated in Fortaleza (World Medical Association, 2013).

Design and Procedure

To eliminate circadian variation, all pariicipanis completed the fesis at the same fime of day, at 4 pm, in
normal ambient conditions, with a temperature of 20.2 + 0.5°C and relative humidity of 65.3% + 3.5%. The
tests were conducted in indoor laboratories and on regular indoor official basketballs courts; the participants
wofe basketball shoes and appropriate sportswear.

Each participant participated in 4 tests: one laboratory test and three field tests, within three days of each
other.

Measures

To measure VOmax specifically among basketball players, we developed the innovative Yo-Yo Recovery
Tesf for Baskethall Players. To test and validate this new field tool, the data achieved from the navel test was
compared o three already-validated lests based on distance covered, VO, heart rate, and perceived test
difficulty.

1) Bruce Protocol Laboratory Stress Test (Bruce, 1948). Each participant was asked to continuously
run on the treadmill, subject to gradually increasing intensity every three minutes (increased speed
and inclination) for a total of seven times or until the subject was unable to continue to perform due
to fatigue. This is considered the goal standard.

2) Ye-Yo Intermittent Recovery Level 1 (YYIR1). Previous assessments of this test (Bangsbo et al.,
2012) show a comelation of r = 77 with VOzsa: values. Each fesf seclion is comprised of a 40-mefer
run (20 meters in one direction, 20 meters back fo the starting point, and a 10-second recovery
period). The test gradually increases from 10kph by 0.5 kph for each new 40-meter section, unfil the
participant is unable to continue to perform due fo fatigue. The version applied in this study was
developed spacifically for sporis such as basketball, that reguire intense physical efforts separaled
by sections of incomplete recovery (Castagna, 2008).
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3} Yo-Yo Endurance (YYEND) Test. Developed by Léger et al. (1988), this test requires participants fo
run back and forth in 20-meter secfions with increased infensily effort unfl the participant is unable
fo continue due [o fatigue. Previous assessments of this test show a very high correlation of r = 92
with VO and is reliable and valid for predicting aerobic capacily amang a range of populations
{St. Clair Gibson et al., 1988). The sprints begin at a speed of B km/h and increase by 0.5 kmh
approximately every minute, as dictated by an audio disc. The results are determined by the number
of times the athiete is able to perform these sprints until overcome by fatigue. The test was chosen
for this study due to its similarity to the activity patterns that are roufinely performed by athletes every
few months, as a means for evaluating their aerobic fitness.

4] Ye-Yo Recovery Test for Basketball Players (YYRECB). This unique test was developed Io examine
recovery specifically among basketball players and is comprised of movements from the game of
basketball, including running, changing direclions, and defensive strides - with short and intense
discrete parts for recovery. The procedure includes running (18 meters) + defensive strides in one
direction (2 meters) | defensive strides (2 meters) + running (18 meters) back to the starting point /
recovery walking (five melers + five melers in bolh directions) for 10-20 seconds (Figure 1). Each
participant performed this test twice for means of validation (i.e., testire-test), while the previous three
tests were only performed once.

ACI8M)

EGM) @
B0,

D(18M)

Note. A Running forward {18 mefers) - Yellow line. 8. Defansive stops (2 meters) - [ C. Defensive steps (2 meters)- [l
.. O anm'ﬁ back fo the starting fing {18 melers)- Blua ine. £ Recovery, 10-20 seconds walking (10 mefers: 5 melers back

and forth)-

Figure 1. Track for conducting new YYRECB Test.

In addition to documenting the distance covered in each test, the time it took to complete the tests, and the
participants’ VOuu:, we also measured their maximum heart rate (HRmax) fowards the end of each test,
based on the number of heartbeats (contractions) per minute (bpm) - using the Polar HR monitor and
transmitter (Polar Electro, Lake Suceass, NY, USA) that was validated by Goodie ef al. (2000). Finally, after
each test, the parlicipants were asked to rate the difficulty of the test using the Rated Perceived Exertion
(RPE) Scale (Borg, 1998). The scale ranges from six (felt nothing at all [like sitting in a chair]) to 20 (fell very
heavy [like at the end of an exercise siress test or olher very difficult activity]).

Statistical analysis

Standard statistical parameters (mean +SD) were calculated for the anthropometric data and physical
performance test results. Normality was tested through analysis of the censored exposure data subject fo
the constrained maximization of the Shapiro-Wilk W statisfics (<30). Reliability of the new test was measured
via Intra-class Correlation Coefficient (ICC), and validity was measured using Pearson correlation tests. In
line with Hopkins et al. {2009), comelation coefficients were considered frivial (r < 1), small (1 <1< 3),
moderate (3 <r< §), high (5 <r<.7), veryhigh (.7 <r< 9), nearly perfect (r > 8), or perfect (r = 1). Validity
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and infra/inter-evaluator reproducibility were evaluated by the ICC as well. Finally, the analysis of the Bland-
Altman concordance resulted in a variation coefficient of less than 10%. Significance levels were p < .05.

SP35% v17.0 (SPSS®, Inc., Chicago, IL) was used for conducting statistical analyses.
RESULTS

The test/re-test results showed the YYRECB to be very reliable (r= 97). In particular, the HR e during the
distance covered during tests, tme spent on each task, and RPE ratings did not present testire-lest
differences (all variables = 871). Very high correlations were found between VO zme: (mL x kg~! x min-1) and
YYRECB (r= 769; 95% confidence interval [CI]; p < .0001). Besides, significant differences were also seen
in distances covered in the YYRECB test compared to those covered in the YYREC1 and YYEND fests (r=
748 and r = 723, respectively; 95% CI; p < .0001). Pearson comelations were performed once for all
measures and twice for the YYRECE (testire-test), which was found to be reliable, without significant
differences in HRmax and distances covered. Internal comelation between repefitions was 971 (Table 1).

Table 1. Descriplive statistics (TestRe-Test) for the New YYRECB fest.

Variable Mean 50 Coefficient of Variable
Level Test 10.94 0.14 595
Re-test 11.02 013 548
VO (kG i) Test 55.52 049 407
Re-test 55.63 045 .74
HR (end) Test 191 1.1 264
Re-test 19157 11 266
Total Distance (min) Test 1605.71 3462 9.8
Re-fest 1613.33 31.99 9.09
Total Time (sec) Test 1006.9 18.02 82
Re-test 1009.48 16.53 75
RPE (8-20) Test 17.29 0.24 6.37
Re-test 1729 022 583

Note. HR end = Heari Rale al the end of the lest. RPE = Rale Perceived Exiorion. WO = Maximal aerobic capacty.

Bland-Altman analysis of reliability is derived from agreement between measures (Lu Mj et al., 2016),
enabling reporting of the mean bias and the upper/lower VOzns:. As shown in Table 2, when tested against
the VOzmax, the innovalive YYRECB demonstrated a high correlation for distance (r = .769). When fested
against YYREC1 and YYEND, the YYRECB demonsirated high carrelations for distance (r= 723 and r=
748, respectively). The Bland-Altman Difference Plot for analysing VOuma: in the YYRECB resulted in zero,
indicating complele agreement and lack of bias (Giavarina, 2015). The formula for estimating VOzein the
YYRECE test is: VOuma: = 0.0146x + 32.078 (x = the distance covered during the test); mean = 0. Complete
agreement was seen between the laboralory test and the YYRECB (CI 95% -1: + 1, Cl mean -3.5: +3.6), as
well as a very good correlation up to 55 mUkg/min (Figure 2).

For the Bland-Altman analysis of VOane and YYREC1, mean = 2.1 (Figure 3). As such, 2.1 must be added
to the result to compare YYREC1 results to laboratory results (Cl 85% -0.5: + 3, Cl mean -2.5: + 6.8).

Finally, Bland-Altman analysis of VOzmax and YYEND presented mean = 0.7, as seen in Figure 4. Therefore,
0.7 must be added to YYEND resulls in order to compare to the innovative test to the laboratory test (C1 95%
0: +1; Clmean -2.5: +4).
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Table 2. Test're-test reliability and agreement between Yo-Yo Tesls.

Variable YYRECB
ICC S0 Bland-Altman
Bias WOz (loWer) W Ozmax (Upper)
YYIR1 0645 501 6.6 -25 21
YYEND 0859° 566 39 -24 07
YYRECB 0769 381 36 -3.5 0

Note. “Corelafion /s significant at the 07 level [2-aied).

32 07he + 00188y =
Distance - VO2max n5mE==a

o

510

1090 18 1403 1639 FL] 2000 20 a0 a0 1890 3003

Figure 2. Formula for estimating VOzsa:.

- +1.50 5]
36

= —= 3 e e
T
&
o

L
T
Ll

ra
T
>

4 -1.96 5D
L Il L L 1 ‘35I
5 52 5 5% 58 60 B2
Mean of LAB_vo2max and YYRECB_vo2max

b da

Figure 3. Bland-Altman Plot for VOzea: laboratory and YYRECE tests.
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Figure 4. Bland-Altman Plot of YOze: laboratory and YYRECB tests.
DISCUSSION

Basketball involves specific movements on the field (Petway et al, 2021), including frequent changing of
direction and repeated sprints with limited recovery time (Meckel, 2009a). Moreover, aerobic condifioning
amang basketball players is necessary for achieving desired outcomes in practices and games. The main
aim of the study was to test the validity and reliability of a novel field test that measures the asrobic capacity
of basketball players (i.e., VOms) based on movements that replicate those performed during games. As
this test is also less time consuming and money draining than laboratory lests, and does not require
specialized personnel and equipment, this test is more practical for basketball trainers and can be applied in
the field (Akalan et al., 2004). Moreover, measuring VOzna in the field is expected to provide results that are
more aligned with the players’ capabilities during a game (Gottlieb et al., 2021).

Our resulis indicale the validity and reliability of our proposed version of the Yo-Yo test (ie., the YYRECE)
for assessing basketball players’ endurance and fitness in the field, with no differences seen in the players’
RPE and heart rate between tests. The Bland-Altman analysis presented completed agreement between the
VOzmex measured in the laboratory and that measured in the YYRECB. Correlation and agreement were also
found when compared fo previously validated field tests (i.e., YYEND and YYREC1). Moreover, to achieve
the target VOame: needed in basketball (about 55mikg/min, Marinkovic & Paviowié, 2013), the players needed
fo complete 1600 meter. Stopping the test at this level means they will be able to maintain this aerobic
conditioning in basketball practices, although there are significant differences between U-14 and U-17, in the
VOazme o cour specific test (Calleja-Gonzalez et al., 2018).

The Yo-Yo test performances may vary greatly over the course of a season, as seen in the game of soccer,
where peak performance is often demonstrated mid-season (Krusirup et al., 2003). Thus, to provide a more
accurate indication of aerobic capability of players throughout the season, the YYRECE test should be
conducted a minimum number of times a year. For example, one week into pre-season, three-four weeks
into the pre-season, and then again mid-season. Based on these findings, future studies may modify the
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YYRECBE field test fo suit other specific sports, expecially where players are frequently required perform
intermittent activities as with basketball.

Qur rezearch presents a number of limitations. First, only high school male basketball players participated in
the study. Future studies could bensfit from evaluating the test based on a larger range of gender and ages,
1o be able to generalize the findings. Morsover, participants must be mofivated in order to opfimally perform
the test. Finally, gathering and deciphering the data was not simple, and required a range of technological
means to do 2o,

Limitations

Despite its theoretical and practical contribution to the field, the current study has limitation, cnly youth malke
basketball players paricipated in the study. Future studies could benefit from evaluating the test based cn a
larger range of gender, ages, and positions, to enable generalization of the findings.

CONCLUSIONS

Field tests for examining basketball players’ aerobic capacity needed for recovery must be aligned with the
unique components of the game. The proposed YYRECE test offers a valid and reliable field test for
evalugting the recovery capabilities (VO amer) of baskesball players that ales requires less ime and distances
1o achieve the required dafa. This test could be beneficial for basketball trainers in planning practices and
games and achieving optimal cutcomes.
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INTRODUCTION

Az basketball is one of the most popular sports in the world, players make great efforts to reach elite
performance levels, practicing on a daily basis and frequently participading in basketball competitions at the
national andior imemational level (Lidor et al., 2007). To achieve and maintain opfimal performance levels,
basketball players train in line with predefined short-ierm and long-term programs, with an emphasis on their
need to continuously perform anaerobic activities, such as short sprints and direction changes, with relafively
ghort recovery imes (10, 30, or 60 seconds). Yet recovery from such actions is dependent on the players’
aerchic abiliies, specifically their VOuma (Gotdieb et al., 2022). Moreover, an even greater need for asrobic
capacify in basketball players has been seen since 2000, when the shot clock rule was introduced (i.e., the
24 seconds permitied for shocding the ball, instead of te former 30 seconds), a5 well as the transition fo four
quariers instead of two halves (Stojanovic, 2018).

For example, the intensity of the game can reach up o 95% of the maximum heart rate (HR) value, with
players covering mare than 3% of the total running distance over 18 km'h. Players also perform quick
transifions betwesn offensive and defensive plays, with about 576 fransitions being recorded during a full
game. This indicates that players should train at a lewel that i at least equivalent to the physiclogical
demands of an actual a game. However, the typical movement pattems seen in basketball, such as jumping,
defiensive steps, and repeated sprinting efforts, are known to cause exercise-induced muscle damage dus
to & combinafion of eccenfric muscle actions and high-intensity concentricity (Doma, K et al, 2018).

In & study conducted by Scalan (2015), female basketball players were found to perform at greater running
work rates than male players, while male players performed more dribbling than female players. Female
players alzo performed more low-intensity shuffing and jumping, as well a5 longer jooging durations than
male players. Yet no gender differences were seen in the players’ overall intermittent demandz, distance
travelled, high-intensaty shuffing activity, and sprintng requirements while playing.

Studies indicate that high 2erobic fimess could improve recovery time and efficacy in basketball players, as
well as muscle strength and power, especially in anaerobic activifies such as blocking, rebounding, jumping,
and changing direcfions (Meckel et al,, 2009). In ight of the importance of aerobic capacity in basketball
players, 8 rangs of practical assessment tools have been developed over the years (Mancha et al., 2019),
that can be used, for examgle, for defining the baseline for future training and assessments (Stone, 2007).
These tesiz can also offer a chearer indicadion of which skills and capabilibes should be enhanced or
maintained in individual basket players, for impeoving their game performance and outcomes (Mancha-
Triguero et al., 2019).

Many physiclogical aspects of basketball playing mature during childhood, including a8 person's VO e
values; yet studies show that improved aerobic power can also increase these values at a later age.
Morzover, VW irae walues in males, in relation fo body weight, remain stable over ime, unlike the gradual
decrease that is seen in females. When measuring asrobic metabolism, Wi 0ras values can be examingd via
a range of variables, such as the fransfer of oxygen by the lungs, heart, and blood vesssls. When exercising,
the cxygen supply chain responds fo the aerobic needs of the muscles that are in action at that time, and
may reach maximum capacity, depending on the demand. In adults, VO me: values can therefore seme as
an indicator of their cardic-vascular limits or endurance (Rodnguez ef al., 2003).

In children and adolescents, however, mterpreting VO 2 is more difficult, as growth changes may interfere
in such measurements. Moreover, maximum oxygen consumption levels gradually increase as the child
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ages, in light of both muscular and sexual maturation. Studies show that paor to sexual maturty (~12 years
of age), VOzne: levels may increase by up to 225 mlimin each year, and is 16% greater in boys than in boys.
In girls, tig increase comes o 8 halt at about the age of 12 and then begins o decline, whereas in boys, it
continues to increase (Ziv, 2009). It is therefore vital that appeopriate tests are developed and applied for
gezeseing Vil in baszketball players, depending on their age and gender.

Differences in aerobic capacity by gender and age

Studies show that boys tend to have greater aerobic capacity than girls of similar ages, due fo a range of
factors, including differences in body composition, size, and hormones. For example, at e age of 14, boys
have about 25% more Vn., than girs, due to increased muscle mass in the former compared 1o increased
fat §zsue in the latter, a= well as higher testosterone levels — thereby creating greater aerobic capacity in

boys (Ziv, 2009).

Studies on basketball players tend to focus on developing analytical measuring tooks, with the aim of enabling
coaches and frainers to oplimize thew players’ performance (Gotflieb et al, 2021). Yet assessment
techniques much be sensitive to differences in basketball-playing abilites between players of different
genders and ages. For example, dribbimg in seen more in male baskethall games, while running is seen
more in female basketball games (v, 2009). Studies also show that V0o values among female players
are within the 44.0-54 0 mLO:%g/min range, compared fo the 50-80 mLOzkg/min range among male players
(Lidae, 2007). However, large varations can be seen in studies on Vznex values among men, such as 45.3-
2.9 mLOz%kg'min (Gocentas, 2004), 45.3-652 mLO2/kg/min (Taving, 1983), or 49.3-63.4 mLO2%g/min
[Abdelkrim, 2010). Such variations could stem from differences in the measurement tool or protocol that were
applied in the various sudies.

Effect of age on aerobic capacity

People’s V0ire refers to their maximal oxygen uptake — the highest rate at which they are abls to consums
oxygen during exsrcise. The Vzne measure is an optimal ool for assessing athletes” aerobic fimess, ie.,
the body's ability to deliver oxygen to the muscles while exercising and then use it to generate encrgy. The
degree of this ability differs between people, and depends on components that are involved in the defivery of
the cxygen to the muscles (including pulmonary, haematological, and cardicvascular elements), as well as
on the madative mechanisms of the muscles that are taking part in the current exercises (Amsirong, 2008).

In young males, a gradual increase i s22n in their VOzres, from age § to 16 years, with the greatest annual
increasss occurring between the age of 13-15 years. In young females, on the other hand, this increass is
less consistent, with their V0me: being on a steady incline until they reach the age of 13 years, at which time
it starts to level off. In addition, both the peak Vi and its gradual increase among young males are higher
than among young females (Armstrong, 2006).

Relative age effect on zerobic capacity

In sports, in addifion to the athletes” chronclogical age, the term Relative Age Effect (RAE) is also applied,
referring to diffierences within the same age group. While chronological age differences imply difierent levels
of performance and experience due to physical developmental and maturational, RAE refers to differences
betwesn peaple in the same age category, whereby those who wene bom earlier in the year presentimpeowed
physical, emotional, and cognitive development compared to their peers who were born Izter in the year
(lpafiez, 2018). Yet considerable mconzistencies on RAE can been ssen in the Merature. For example,
athletes who were borm early in the compelition year were more highly represented than thoze who were
born late in that year (Baker, 2007), yet no age-related differences wers s22n in the relative Vane: of 7-13-
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year-old children (McMurray, 2002). As such, a consistent and applicable measuring fool should be used
across sudies, to enable compansons and generalizations.

Following this literature review, the aim of the current study was to examine the aerobic capacity of young
elite basketball players via thelr VO2nex, based on age, gender, and RAE using the validated Yo-Yo Recovery
Test for Basketball Players (Gottlieb et al., 2022).

MATERIAL AND METHODS

Participants

The study included 438 young basketball players, both male and female, from five clubs in Israel. First,
anthropometric measurements were taken for each participant, including height (m), body mass (kg), and
body fat {%:). Height was measured using a stadiometer (SECA, Germany) with a 1 cm accuracy; body mass
and fat were measured using electronic scales (Tanita BC 418, Japan), with a 0.1-kg accuracy (Slaughier et
al,, 1988). All participants had been playing basketball for three to eight years, and each week conducted at
least two fimess practices, pariicipated in three to five basketball praclices, and one league game. The
players alzo had to present a clean bill of health, with ne injuries, aches, or ongoing medication.

Procedure

After contacting the basketball clubs and coaches to request their participation in the study, informed consent
was received from both the players and their parents. The parficipants were also informed that their
paricipation in the study was not mandatory. Although ancaymity could not be promised due to the nature of
the study, the participants and their parents wers assured that the utmost confidenfiality and scientific ngor
would be applied throughout the study, and that the achieved data would only be used for the purposs of this
research project. Dates for conduciing the study at each club were sef, so asnot to interfiere with their training
and competiions.

To eliminats circadian variations, all participants completed the test at the same fime of day (6 pm), in noemal
ambient conditions, and with a femperature of 23.1 £ 0.5°C and relative humidity of 70.5% £ 3.5%. The
assessments were conducted by the researchers together with the team’s coach, inside official indoor
bazketballs courtz; the parficipants were required to wear their regular sporiswear and basketball shoss.
Prior 1o the study, the players were instructed to refrain from caffeine and cther simulants, alcohol and cther
depressants, and strenucus physical activiSes for at lzast 24 hours prior o the research assessments. They
were ako asked to not consume fiood for about three hours prior to the testing. The study was approved by
the Bioethics Commitiee at the first author's affiliated academic insfitution {registration number 367).

Tools

The noved Yo-Yo Recovery Test for Basketball Players was developed for assessing players” Vilane in
relafion to their recovery from specific movements that are common in the game of basketball (such as short
sprints, changing direcfions, and defensive sfrides). Dunng the test, the participants were first asked to run
in one directicn for 18 meters along a clearly marked path inside the basketball court, followed by 2 meters
of defensive strides in the same direction. Without stopping or resting, this was immediately followed by an
addifional 2 meters of defensive strides in the cpposite direction (i.e., towards the starfing point), followed by
their running back fo the staring point for another 18 meters. The participants then had 10-20 seconds
recovery, during which time they were required to walk 5 meters in both directions (Appendix 1).
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The speed at which the participants were instructed to run for each round was dictated by audic sounds.
Moreover, this speed increased from round fo round. The participants were asked o perfoem this procedure
unitl they were too tired to continue, while wearing an HR. band on their chest (GARMING, Olathe, K5, USA).
At this point, the total distance that ey had coversd was calculated (also via audio recordings), and their
physical measzures were assessed. (1) Sound file from the novel test; (2) Formula for calculatng VO zre: =
0.0148x + 32078, with x representing the distance coversd during the test [Gottieb, 2022); (3) HF; and {4)
Table of rate perceived exeriion (on a scale of 1-10).

Variables

The following three independent variables wers addressed in this study, mcluding (1) gender (malefemale),
(2) three age groups (according 1o their affiliated basketball team): Under-14 (LN4), Under-16 {U1E), and
Under-18 {U13), and (5) thres relative age groups according to the players’ month of birth: iid {January-
Apil), 172 (May-August), and tri3 (September-December). The following four dependent vanables were also
analysed in this study: (1) distance {m), i.e., the number of meters covered during the 25t (2) predicted
Ve (3} HR; and (#) rate of percetved exertion (RPE), on a scale of 1 (easiest) to 10 {hardest).

Statistical analysis

In thiz quantitztive study, means and standard deviations (SO} were cabculated for weight, height, and body
fat; independent T-iests were conducted for age and gendsr, and 2-way ANOWVA fests were conducted to
compars mean differences betwesn the age groups, genders, and relative age groups. Stafistical analyses
were performed using the SPS5 v.21 software (Inc, Chicago, IL, USA); statistical significance was setat p<
5.

RESULTS

Table 1 presents the parficipants’ physical charactenstics, including weight, height, and body fat by age group
and gender.

Tabde 1. Participants’ Physical Characteristics by Mean (SD)

N Wieight (kg) Height (m) FATH%
Uts T TT3:764 185528 107213

Male Ute & 85325 179262 10622137
U4 70 ST5£82 172265 1103139
Uta T3 59558 1852501 25454355

Female s T3 577553 1522476 2431£3.39
Uld T 4722437 15T £4.95 2297 £ 587

Taible 2 presents the participants’ descriptive data by gender (including age, distance covered during the test,
Wizrae, and RPE), and distance by frimester. As seen in Figure 1, significant diffierences were seen between
the genders in their mean distance covered, regardiess of age, whereby the mean distance for males (1.421.6
+ 218.8) was significantly greater than for females (1,116.9 £ 137.2). Moreover, mprovement in these resulis
in line with increased age was also evident, whereby older players covered greater distances.

In addition, nteractions were also seen between age and gender, whersly improved distances in the female
pariicipants began fo decrease after the age of 16, unlike the continued increase seen in males at the same
ages (Figurs 2).
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Table 2. Participants’ descriptive siatistics.

Gender Age N Distance {m} ' VO ) RPE
14 7 127431 £ 1955 555235 T49+048
Males 16 a0 1383 +£23313* 5227+336 T58+049
U1s i} 1607.4 + 226.03* S063 248 77£0.56
[ 71 103634 £ 1373 475199 TH£0.54
Females (051 3 121250 £129.4* 4978 £1.87 761 £0.56
18 3 1231.78 £ 144.8* 5006 £ 2.4 TE2+0.48
Gender Distance By Trimester (m)
tri1 i tri2 ) tri3
140923 + 1789 1219.05 £ 39.1* 117667 + 2032
Mabes 1380 £ 250.67 1392 =189.78 1360 + 25067
1560 £ 248 ) 1576 £ 2136 ) 1681.67 £ 210.83*
1204 £ 104.13 1023.45 £ 68* 34509 £ 44 4%
Females 13424 £100.7 119067 + 65.17* 106889 £ 407
138560 £ 101.9 1209.09 £ 72.9* 1103.08 + 63.04
Noo2. 11T 2T tage Mo EVCUS S0E Qo * gendar (p < .05).
Meter Boys Girls
1800 - Meter
'ﬁ - * 1750 - *
1300 1200
1000 1150
B0 1100
- 1050
400
- = B
o el
wis ulg uis uld ule ull
Mota * Boys U184 and UME-LHE and UME-UT4 [0 € _05). * Ginls UTE-U14 and LE-LIT4 (o < 05,
Figurs 1. Average distances coverad by gender.
—+—boys —@—grls
Meter
2000 . 1507
1500 1%___&3__-——————‘
i =
1000 10es 132 1.131,00
5
a
U 1s ule Uiz
MNode. + Batwean bays-gin's in U4 and U6 and D18 [p £ 05]
Figure 2. Differences in average distances by age and gender interactions.
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The male participants showed consistent significant improvement in the mean distances covered by age,
with & significant increase from U4 (1274.3 £ 195.5) fo U16 (1383 £ 2331}, and from UME to UG {1607 4
+ 257.8). With the female participants, on the other hand, no such consistency was seen, in Bght of an
increase from U144 (1056.3 + 1212.6) to \LME (12126 £ 129.4), yet with no significant change from LU1E o
U1E {1231.7 £ 144.8), as depicted in Figure 2. Moreover, when examining interactions between gender and
fime, different results were seen for each trimester.

When examining RAE among all age groups of female participants, a significant decline was seen in
performance between frimesters, with the highest score awarded on the first timester (13295 £ 1163), a
steep decline on the second trimester (11335 £ 108.5), and the lowest was seen for the third imester (1040
+ 87 8), as seen in Figure 3. For the male parficipants, however, interactions were seen across all three
fmesters, in addition to an interaction between time and gender. As s2en in Figure 4, whils the results of
the U14 male pariicipants followed this pattem of decling throughout the year (il = 1409.3 £ 41 §; #i2 =
1219 % 45.3; and 3 = 1176.6 + 43.3), this patiern is not zeen in the U186 or U18 age group.

Girls uld Girls uld Girls ul8
1400 1600 1500
Y - -
1700 1400 1400
1000 1200 1200
1000 1000
00
o ] 200
=i] 800
40 aca 00
200 200 200
0 i o
TRIZ TRIZ  TRIL TRIZ  TRIZ  TRIL TRIZ  TRIZ  TRIL
Mote *p < 05 37702 and BTT-IE (U14). 2P < 05 T-IN2 JUTEL *p < 05 Ii-12 (LI14).
Figure 3. Female participants: RAE and mean distances.
Boysuld Boys ulf EBoys ulE
1450 " 1400 1700 -
1400
1350 = =50
. 1380
1300 1500
1350 1370 B
= = =
1050 1340 1450
TRIZ O OTRIZ TRIL ™I TRIZ  TRIL TRIZ TRI2 TRIL

Mote. ®p < 05 1472 (U14). * p < 05 o330 72 and 71 (U8,

Figure 4. Male participants: RAE and mean diztances.
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The declined performance between trimesters in the male 16 group was smaller than that of the female
UAE group and of the male U4 group. For all groups, most decines between timesters were seen betwesn
i1 and fri2, except for the female U14 group, that also exhibited a significant dedine between ti2 and 3.
Hewrewer, in fhe male U16-year group, no decline was seen between il and 12, and the decline that was
=2en between tri2 and trid was very small. Interestingly, for the male U18 group, a significant increase was
se2n between all three timesters.

The participants’ subjectively exerted effort was significantly higher than the measures presented in the
literature regarding RPE (Borg, 19538), thereby indicating that they found the test harder than would have
been expected of them. Mo significant diffierences were found in RPE between the age groups and genders.

MSCUSSION

WO:rae plays an important role in the owerall athletic performance of young basketball players. This factor
relates to the body's ability to utiize oxygen a5 a means for generating energy when exerting physical activity,
and is determined by 8 number of measures, including genetics, diet, overall health, and fraining (Lidor,
2007). Correlations between Vi0ane and activity levels suggest that aerobic condificning is beneficial in
basketball players (Narazaki ef al., 2009). In order to perform at high levels, basketball players must also
poszess good cardiovascular fitness. Basketball requires players to have explosive power, while performing
sfrenucus actions combined with active and passive recovery tat depends on VW0znes.

Players with high W Ozrar are able to run and move more quickly on the court, while: recovering more quickly
from intense physical exertion. In turn, this could provide them with 8 competitive advantage over players
with lower on VOzre. The aim of this quantitative study was to examine diffierences in players’ VO e by
gender, age group, and RAE, using the novel Yo-Yo Recovery Test for Basketball Players. Significant
diffierences were found betwesn genders, as the male participants covered greater distances than the femals
ones in all age groups. Significant difierences were also found in the average distance covered durng the
test, with better test resulis s=en in older players. Moreover, it was also found that the resulis of the test
varied by RAE, with repeated measures for each imester yislding different resuliz.

Differences in the effect of age on performance were seen between the genders and within the female
paricipants. Whils the male participants presented a steady improvement with age, the results of the femals
pariicipants exhibited a diffierent pattermn: Althcugh the female players showed similar improvement from U14
to U6, as did the male players, no significant improvement was seen betwesn M6 and U135, This finding is
in line with Ramos et al. (2019), indicating the different effiects of puberty on the two genders, and the
implications of these differences on athletic performance in general, and on aerchic performance in particular.

When conducting repeated measures across the timesters, an interaction was seen befwesn age and
gender. For the female participants, a similar decling in performance was seen in all age groups across
trimesters. This finding is in [ne with the Berature, whereby better resulis will be s2en in players who were
bom earlier in the year than thoze who were bomn later in the year [Susana M. 2021). Howewver, very different
results were s22n in the group of male players, whersby a similar decline was seen between rimesters in
the U4 group, a minor decline was seen between trimesters in the U16 group, and an improvement was
seen between trimesters in the U13. Finally, the participants’ seff-reported RPE scores at the end of the fest
iz in line with similar aszessments that relate to Vi .. tests, thereby indicating the relevance and reliability
of the Yo-Yo Recovery Test for Basketball Flayers.
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Estimated achievement table

Eazed on the data that was gathered an analyzed in this study, we have created an Estimated Achievement
Taibde (Table 3) for the benefit of coaches and trainers of young basketball players. This zilormade scale
difierentiates between the age and gender of the players and presents the expected distance performance
using the using te novel Yo-Yo Recovery Test for Basketball Players, to enable the ranking of players from
unprepanzsd fo excellent.

Taile 3. Achievements Table (Yo-Yo Recovery Test for Basketball Players)

Male Female
Age Distance (M) Assessment Age Distance (M) Assesament
1500= excellent 1370= excellent
1601-1800 wvery good 12311370 very good
s 14011600 good U1a 10811230 good
1201-1400 poor 951-1020 poor
1200= unprepared 950 unprepared
Age Distance (M) Assesament Age Distance (M) Assesament
1610= excellent 1330= excellent
1381-1610 very good 1201-1330 very good
6 11311380 good U6 10711200 good
9201150 poor 89811070 poor
920= unprepared 940= unprepared
Age  Distance (M)  Assessment ~ Age  Distance (M)  Assessment
1460= excellent 1180= excellent
1271-1480 very good 1051-1180 very good
U4 10811270 good U4 921-1050 good
891-1080 poor 721-920 poor
390< unprepared T90< unprepared

Limitations

De=pite itz theoretical and prachcal confributions to the Seld, this study has some limitation that should be
addressed. First, the ability to change directions in basketball is a =xill that improves with practice; as such,
the results of the younger participants are more lkely to be affected by inaccurate technique. In addition,
recovery time between rounds in the test is predetermined, unlike in real basketball games, where recovery
times may frequently differ. Future siudies could benefit from random recovery tmes between runs (such as
5,10, 15, or 20 seconds), and an additional task could be added, where afier every round, the player has o
make 8 basketball-related decision, such as shoofing, passing and dribbling.

CONCLUSIONS

This study implemented the novel Yo-Yo Recovery Test for Basketball Players in young players, both male
and female, from five difierent league club, to assess their aerchic capacity (VO zne) that plays a central role
in their ability to recover from anaerobic actions with minimal recovery time. This unique assessment tool is
of the utmost importance, as it enables accurate testing on the basketball court, rather than in laboratory
=ettngs and is spedific to the game of baske®all. The main findings indicate that young male basketball
players aged 14-15 have greater aerobic capacity than female players of the same ages. Moreowver, RAE can
be =2en in young male basketball players of all age growps (U14, U16, and U1E), yet not in young female
players.
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The Yo-Yo Recovery Test for Basketball Players test offers 2 new field test for evaluating players’ recovery
capabilities basketball players — conducted on real basketball courts and requiring less ime and distance for
achieving the required data. The test can also be modified to suite players of different ages and fimess levels.
For example, providing younger andior less fit players with longer periods of active recovery, or reQuiring
advanced players to run longer distances or at higher speeds during the test. Moreover, when addressing
the age of pubertal changes in basketball training, differences between young male and female players
should be taken info account. Finally, this unigue test could be especially beneficial for basketball frainers
and coaches in planning training programs, practices, and games — to achieve oplimal outcomes by gender
and age.
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Appendix 1. Timetable: Yo-Yo Intermitient Recovery Test for basketball players.

Yo-¥o intermitbent recowery tast for B [YYRECE)

Speed Snutie Speed Level time Shutle distance Time Eztmate Vilim:
e rmesr (Emihe) (58C) {m) [miny [mimninkg)
1 1 B 24 40 00:34 5266
2 1 2 18 &0 vk a5
2 2 i 18 120 o120 pesc ki ol
3 1 5 16 160 0148 M4
3 2 5 16 200 2z 500
3 2 g 16 240 02:33 HEE
4 1 0 14 280 50z AT
4 2 10 14 320 0326 &®TS
4 3 10 14 360 0355 Tas
4 4 10 14 400 k] 7oz
3 1 1 13 440 44z a0
3 2 1 13 480 0505 .09
g 3 " 13 520 0533 ET
5 4 1 13 560 0556 40.35
B 1 1z 12 500 oF2e 4084
B 2 1z 12 540 o7 4142
E 3 12 12 580 o518 42m
E 4 12 12 720 0540 4259
T 1 13 11 TGO 1=Ky ] 4347
T 2 13 11 &00 2z 43,78
T 3 13 1 840 o243 4434
T 4 1= 11 =30 10094 4483
T g 13 11 220 10:35 453
i 1 14 10.5 ‘S50 10:36 45.09
8 2 14 10.5 1000 1MA7 45 68
2 3 14 105 1020 11:38 47 36
2 4 14 10.5 1080 12:09 4785
i g 14 10.5 1120 12:30 4543
5 1 15 10 1160 12:50 4am
g 2 15 10 1200 13140 4960
g 2 15 10 1220 13:30 S04
5 4 15 10 1280 14:00 ST
5 L 15 10 1320 14:20 5135
10 1 16 05 1360 14:39 5185
10 2 16 0.5 1400 14:88 s2.82
10 3 16 8.5 1420 157 3.0
10 4 16 LA 1480 1546 5368
10 5 16 05 1520 16:05 5437
10 E 16 0.5 1560 18:2% a5
L 1 1635 ] 1500 16:42 544
LAl 2 165 9 1640 17N S5.02
L 3 1635 ] 1680 1720 5661
L 4 165 ] 1720 1749 5719
L g 1635 ] 1760 18:08 ST
LAl E 165 9 1500 1827 S5.36
12 1 7 8.5 1540 1845 554
12 2 b 8.5 1880 18:57 5955
12 3 v 8.5 1920 1945 1.1
12 4 7 8.5 1960 19:43 6068
12 L 7 8.5 2000 20 6128
12 E i 8.5 2040 2019 £1.88
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10.4 APPENDIX 4

TIMETABLE: YO-YO INTERMITTENT RECOVERY TEST FOR BASKETBALL PLAYERS

(YYRECB)
speed shuttle speed level shuttle time estimate Vo2max
level number (km/hr) time (sec) distance (m) (min) (ml/min/kg)
1 1 6 24 40 00:24 32.66
2 1 8 18 80 00:52 33.25
2 2 8 18 120 01:20 33.83
3 1 9 16 160 01:46 34.41
3 2 9 16 200 02:12 35.00
3 3 9 16 240 02:38 35.58
4 1 10 14 280 03:02 36.17
4 2 10 14 320 03:26 36.75
4 3 10 14 360 03:55 37.33
4 4 10 14 400 04:19 37.92
5 1 11 13 440 04:42 38.50
5 2 11 13 480 06:05 39.09
5 3 11 13 520 06:33 39.67
5 4 11 13 560 06:56 40.25
6 1 12 12 600 07:29 40.84
6 2 12 12 640 07:51 41.42
6 3 12 12 680 08:18 42.01
6 4 12 12 720 08:40 42.59
7 1 13 11 760 09:01 43.17
7 2 13 11 800 09:22 43.76
7 3 13 11 840 09:43 44.34
7 4 13 11 880 10:14 44.93
7 5 13 11 920 10:35 45.51
8 1 14 10.5 960 10:56 46.09
8 2 14 10.5 1000 11:17 46.68
8 3 14 10.5 1040 11:38 47.26
8 4 14 10.5 1080 12:09 47.85
8 5 14 10.5 1120 12:30 48.43
9 1 15 10 1160 12:50 49.01
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