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ABSTRACT 

The first stage of this thesis project began with review the field tests in the 

literature and examine in depth the need for an explosive power test, unique ones 

with very specific requirements for the game of basketball. 

Basketball playing entails the repetitive performance of short intense actions 

using lower limb explosive power. As such, it is important to measure this 

capability in basketball players, and to optimize training programs and game plans. 

This review of the literature depicts the horizontal and vertical physical movements 

and physiological requirements entailed in playing basketball, and presents eight 

standardized anaerobic alactic measurement tools relevant to the game: 5-meter 

and 10-meter sprint speed tests; standing broad jump assessment; horizontal and 

vertical drop jump tests; 2x5-meter change of direction ability test; 

countermovement jump test; squat jump test; bounding power test; and spike jump 

test. As some of these tests suit a number of ball games, the findings of this review 

thesis are important for making order of the elements unique to basketball as well 

as additional parameters to consider when testing basketball players. By reliably 

and validly testing the anaerobic alactic capabilities of basketball players, test 

results can be used for training purposes and for improving game outcomes. 

Moreover, these tests enable assessment of team players as a whole and of each 

player individually. 

The second stage of this thesis project continued with two original research 

studies. The main aim of study 1 was to develop and assess the reliability and 

validity of an innovative field test that measures lower limb explosive power in 

basketball players (i.e., alactic anaerobic capacity) for the dominant and non-

dominant leg. The test examines the performance of vertical, horizontal, and 

combined movements while holding the ball – similar to penetration of the basket 

or layup. Such capabilities are required throughout basketball practice and games, 

combined with upper and lower body coordination. The study included 22 male 

basketball players, ages 16-18, members of an elite youth league team in Israel. To 

assess validity, the participants performed the test for each leg, followed by nine 

standardized tests that were developed for a range of ball games, including 



 

 

 

 

basketball. To assess reliability, the participants performed a retest of the unique 

test 72-hours later. The findings indicated the validity and reliability of the 

proposed anaerobic alactic field test for basketball players, for the dominant and 

non-dominant leg. Moreover, strong correlations were seen between the novel test 

and the standardized tests, with a high correlation for horizontal explosive power 

(0.5<r<0.7), a very high correlation for vertical explosive power (0.7<r<0.9), and a 

nearly perfect correlation for the two combined (r>0.9). In conclusion, this unique 

field test for basketball players could assist coaches in developing and applying 

optimal training programs and game plans, for players individually, and for the 

team as a whole. As the test measures each leg separately, it could also offer an 

assessment tool following players’ injuries. 

The main aim of study 2 was to examine differences in players unique 

movements by gender, age, and playing positions using the novel Test for 

Basketball Players. The study included 232 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. The findings showed that, male presented better 

results than female in all age categories. Moreover, female in the under-18 category 

presented better results than those in the under-14 category, but not more than 

those in the under-16. Differences in playing positions were examined between 

males and females only in the under-18 category, where players begin to specialize 

in playing positions. Males presented better results than females in all playing 

positions, while only the male groups showed differences between playing 

positions. When guards showed better results than forwards and centers. The 

conclusions highlight the importance of including sport-unique tests in talent 

identification and selection processes, as these tests can provide valuable 

information about a players skill set and potential for success. 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. 

 

 

 

 



 

 RESUMEN  

La primera etapa de este proyecto de tesis comenzó con la revisión de los test 

de campo en la literatura científica y el examen en profundidad de la necesidad de 

un test de potencia explosiva único y con requisitos muy específicos para el juego 

de baloncesto. Jugar a baloncesto implica la realización repetitiva de acciones cortas 

e intensas utilizando la potencia explosiva de las extremidades inferiores. Por lo 

tanto, es importante medir dicha capacidad en los jugadores de baloncesto y 

optimizar los programas de entrenamiento y planes de juego. Esta revisión de la 

literatura describe los movimientos físicos horizontales y verticales, así como los 

requisitos fisiológicos implicados en el juego de baloncesto y presenta ocho 

herramientas de medición anaeróbicas alácticas estandarizadas relevantes para el 

juego: test de velocidad de sprint de 5 metros y 10 metros, evaluación de salto 

horizontal, test de salto vertical y de caída horizontal, test de habilidad de cambio 

de dirección 2x5 metros, test de salto con contramovimiento, test de salto en 

cuclillas, test de potencia de impulso y test de salto de clavada. Como algunos de 

estos test se adaptan a varios deportes de equipo, los hallazgos de esta revisión de 

tesis son importantes para ordenar los elementos únicos del baloncesto, así como 

los parámetros adicionales a considerar al evaluar a los jugadores de baloncesto. Al 

evaluar de manera fiable y válida las capacidades anaeróbicas alácticas de los 

jugadores de baloncesto, los resultados de los test se pueden utilizar para fines de 

entrenamiento y para mejorar los resultados del juego. Además, dichos test  

permiten la evaluación de los jugadores como equipo y de cada jugador 

individualmente. 

La segunda etapa de este proyecto de tesis continuó con dos estudios de 

investigación originales. El objetivo principal del estudio 1 fue desarrollar y evaluar 

la fiabilidad y validez de un innovador test de campo que mide la capacidad de 

poder explosivo en las extremidades inferiores en jugadores de baloncesto (es 

decir, capacidad anaeróbica aláctica) para la pierna dominante y no dominante. El 

test examina el rendimiento de movimientos verticales, horizontales y combinados 

mientras se sostiene el balón, similar a la penetración hacia la canasta o el layup. 

Tales capacidades se requieren en toda la práctica y los juegos de baloncesto, 

combinados con la coordinación del cuerpo superior e inferior. El estudio incluyó 

a 22 jugadores de baloncesto masculinos, de edades comprendidas entre los 16 y 18 



 

 

 

 

años, miembros de un equipo de élite juvenil en Israel. Para evaluar la validez, los 

participantes realizaron el test para cada pierna, seguido de nueve test 

estandarizados que fueron desarrollados para una variedad de juegos de pelota, 

incluyendo baloncesto. Para evaluar la fiabilidad, los participantes realizaron una 

repetición del test único 72 horas después. Los resultados indican la validez y 

fiabilidad del propuesto test anaeróbico aláctico de campo para jugadores de 

baloncesto, tanto para la pierna dominante como la no dominante. Además, se 

observaron fuertes correlaciones entre el nuevo test y los test estandarizados, con 

una alta correlación para el poder explosivo horizontal (0.5 <r <0.7), una correlación 

muy alta para el poder explosivo vertical (0.7 <r <0.9) y una correlación casi perfecta 

para los dos combinados (r> 0.9). En conclusión, este test de campo único para 

jugadores de baloncesto podría ayudar a los entrenadores a desarrollar y aplicar 

programas de entrenamiento y planes de juego óptimos, tanto para jugadores 

individualmente como para el equipo en su conjunto. Como el test mide cada 

pierna por separado, también podría ofrecer una herramienta de evaluación 

después de las lesiones de los jugadores. 

El objetivo principal del estudio 2 fue examinar las diferencias en los 

movimientos únicos de los jugadores por género, edad y posición de juego 

utilizando la nueva prueba para jugadores de baloncesto. El estudio incluyó a 232 

jóvenes jugadores de baloncesto, hombres y mujeres, de diversas ligas israelíes, que 

se dividieron en tres categorías: menores de 14 años, menores de 16 años y menores 

de 18 años. Los resultados mostraron que los hombres presentaron mejores 

resultados que las mujeres en todas las categorías de edad. Además, las mujeres en 

la categoría de menores de 18 años presentaron mejores resultados que las de la 

categoría de menores de 14 años, pero no más que las de la categoría de menores 

de 16 años. Se examinaron las diferencias en las posiciones de juego entre hombres 

y mujeres solo en la categoría de menores de 18 años, donde los jugadores 

comienzan a especializarse en posiciones de juego. Los hombres presentaron 

mejores resultados que las mujeres en todas las posiciones de juego, mientras que 

solo los grupos masculinos mostraron diferencias entre las posiciones de juego, 

donde los bases presentaron mejores resultados que los aleros y los pivotes. Las 

conclusiones destacan la importancia de incluir pruebas únicas para el deporte en 

los procesos de identificación y selección de talentos, ya que estas pruebas pueden 

proporcionar información valiosa sobre el conjunto de habilidades de un jugador 



 

y su potencial para el éxito. Los resultados se presentan en una tabla de logros que 

muestra los resultados esperados de aptitud física por edad y género, en beneficio 

de los entrenadores de baloncesto y entrenadores de acondicionamiento físico al 

evaluar a sus jugadores. 

KEY WORDS 

Basketball, alactic, anaerobic, specific, athletic performance, Performance 

analysis of sport, fitness field test, explosive power, jumping, age, gender, positions 
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ACRONYMS AND ABBREVIATIONS 

The abbreviations of the units from the International System Units are not 

included in the following list as there are internationally accepted standards for 

their use. In addition, no abbreviations universally used in statistics are presented 

in this section. 

 

ADP, Adenosine Diphosphate 

ATP, Adenosine Triphosphate 

BP, Bounding Power Test 

CODA, Change of Direction Ability 

CMJ, Countermovement Jump 

CMJDF, Countermovement Jump Dominant Leg, Hands Free 

CMJF, Countermovement Jump both Legs, Hands Free 

CMJDWH, Countermovement Jump Dominant Leg, with Hands on Hips 

CMJNDF, Countermovement Jump Non-Dominant Leg, Hands Free 

CMJNDWH, Countermovement Jump Non-Dominant Leg, with Hands on Hips 

CMJWH, Countermovement Jump both Legs, with Hands on Hips 

CP, Creatine Phosphate 

CPK, Creatine Phosphokinase 

ESI, Explosive Strength Index 

FT, Fast Twitch 

HDJ, Horizontal Drop Jump 

P, Phosphate 

RFD, Rate of Force Development 

RSA, Repeated Sprint Ability 

U, Under 

USJT, Unique Specific Jumping Test 
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UD, Unique Test Dominant Leg 

UND, Unique Test Non-Dominant Leg 
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I - INTRODUCTION 

In sports in general and in competitive team sports in particular, it is 

important to frequently assess players’ physiological capabilities as a means for 

designing, implementing, and evaluating training programs and tracking the 

players’ progress throughout the season[1, 2]. Among team sports, the game of 

basketball is characterized by short, intense, anaerobic actions that are performed 

throughout the game[1, 3, 4], using anerobic power, i.e., explosive power up to 10 

seconds[2, 5]. In other words, the main energy source that contributes to these 

alactic anaerobic activities are adenosine triphosphate (ATP) / creatine phosphate 

(CP), referred to as ATP-CP, that are stored in the muscles and are easily 

accessible[6, 7]. In addition, the glycolysis system also contributes to anaerobic 

activities. For explosive power performance that lasts more than 10 seconds and up 

to three minutes, the body’s anaerobic glycolysis is required[8]. 

Although in basketball the more dominant source is the anaerobic alactic 

energy source[2, 5], it is also characterized by specific anaerobic actions, such as: 

jumps, sudden stops, short sprints, and change of direction[1]. The body’s aerobic 

system also plays a key role in players’ recovery, ensuring the successful frequent 

repetition of high intensity anaerobic actions[9, 10]. Moreover, the introduction of 

new rules to the game of basketball in May 2000 (e.g., reduced attack time from 30 

to 24 seconds and reduced time on the backcourt from 10 to 8 seconds) are believed 

to have altered the demands of basketball – both tactical and physical – increasing 

the speed of the game faster and intensifying the game[11, 12]. In turn, these 

changes also impact the players’ physiological characteristics, resulting in higher 

physical demands on the players and expected improved athletic abilities. Such 

new demands mainly relate to the players’ need to recruit their explosive power 

for performing and maintaining the rapid anaerobic pace of the game[13, 14].  

These physical activities place a heavy load on players’ muscles and joints, 

and developing them up to withstand such physical pressures is not an easy feat – 

especially as the skeletal muscular and the nervous systems must be improved 

simultaneously[4, 5]. For example, scientific research indicates that the greater the 
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load on muscles, the slower their rate of contraction[3, 15]. To determine the 

necessary ratio between the strength and agility required for enhancing explosive 

power, specific aspects of the sport must be examined[2, 16, 17]. For example, while 

ball game players and sprinters must perform fast movements with their relatively 

low body mass, wrestlers and weightlifters must overcome high resistance from 

external objects[18]. Specifically in basketball, the relationship between body mass 

status and the performance of jumping and running varies according to age[5, 8, 

11, 13, 19].   

In summary, in most basketball related activities, both the aerobic and the 

anaerobic energy systems are involved, yet the ratio between the two energy 

sources varies according to the demands of the specific exercise[2, 5, 20–22], 

including the intensity and duration of the activity (Table 1). 

 Table 1. Physiological Energy Systems 
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In addition, the game of basketball demands a unique combination of 

technical skills that require players to perform horizontal, vertical, and combined 

movements on the court[1, 2, 20]. These movements rely heavily on the anaerobic 

alactic physiological system and explosive power, which are crucial attributes for 

basketball players. Understanding the technical requirements associated with these 

movements and their physiological underpinnings is essential for optimizing 

performance and success in the game[5, 12]. 

Technical proficiency in basketball encompasses a wide range of skills, 

including shooting, passing, dribbling, and executing specific movements that 

involve horizontal, vertical, or a combination of both directions. These movements 

are fundamental to the game, enabling players to navigate the court, create scoring 

opportunities, and outmaneuver opponents[2, 12]. Horizontal movements, such as 

lateral shuffling or moving laterally while dribbling, allow players to change 

directions quickly and maintain their balance while evading defenders or guarding 

opponents[23–25]. Vertical movements, such as jumping for rebounds or executing 

powerful slam dunks, showcase an athlete's explosive power and ability to 

generate force vertically. Additionally, combining horizontal and vertical 

movements is crucial in performing skills like layups, where players need to 

accelerate horizontally towards the basket and finish with an explosive vertical 

jump[1, 2]. 

The anaerobic alactic physiological system plays a vital role in supporting the 

technical requirements of basketball movements. This energy system provides 

athletes with the ability to generate explosive power in short bursts without relying 

on oxygen consumption[2, 6, 7]. During intense game situations that require 

horizontal or vertical movements, such as fast breaks, aggressive drives to the 

basket, or executing quick changes in direction, the anaerobic alactic system 

enables players to tap into their energy reserves and produce maximum force 

output[2, 11, 26]. The rapid and forceful execution of these movements relies on the 

efficient utilization of the anaerobic alactic system, allowing players to perform 

with speed, agility, and power[2]. 

Explosive power is a key attribute closely tied to the anaerobic alactic system 

and is specifically emphasized in basketball. The ability to generate rapid and 

forceful movements is essential for executing the technical requirements of the 
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game[5]. Vertical explosive power is particularly important for skills like jumping 

for rebounds, blocking shots, or executing powerful dunks, which can significantly 

impact the outcome of a game[27]. Horizontal explosive power enables players to 

quickly change directions, maintain balance while dribbling, and execute lateral 

movements with speed and agility. Moreover, the combination of horizontal and 

vertical explosive power is critical in skills like layups, where players need to 

accelerate horizontally towards the basket and finish with an explosive vertical 

jump to avoid defenders and score efficiently[2, 27]. 

The technical requirements in basketball, encompassing horizontal, vertical, 

and combined movements, are intricately linked to the anaerobic alactic 

physiological system and explosive power[12]. Developing and refining these skills 

require targeted training programs that enhance muscle strength, power output, 

speed, and coordination[1, 28, 29]. Training interventions often incorporate 

exercises such as plyometrics, resistance training, sprint intervals, and skill-specific 

drills to optimize explosive power and technical proficiency[2, 12]. 

The introduction of this thesis highlights significant and interesting subjects 

related to basketball. These subjects have provided a basis for the development of 

original research ideas. The topics discussed include the dominant physiological 

energy system in basketball, the concept of explosive power in basketball, specific 

movements in basketball, variations in explosive power based on age and gender 

among basketball players, disparities in explosive power across different playing 

positions, and the measurement of specific capabilities related to explosive power 

according to the physiological demands of the anaerobic alactic system. 

1.1. THE PHYSIOLOGICAL ANAEROBIC ALACTIC SYSTEM THAT IS DOMINANT IN 

BASKETBALL 

The body’s energetic potential is utilized by breaking down ATP which is 

adenosine triphosphate[30]. Energy is released from the molecule when one of the 

three phosphate groups is degraded through a rapid chemical process by the 

ATPase enzyme[6, 30]. As a result, two new molecules are created: adenosine 

diphosphate (ADP), with only two phosphate bonds, and the free phosphate (P), 

as seen in Figure 1.  
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The ATP, often referred to as the body’s “energy currency”, enables the body 

to perform a range of biological activities[7]. These include complex and rapid 

actions needed for per-forming, completing, and recovering from actions 

performed in basketball[2]. Despite their vast importance, ATP resources in 

muscles are relatively small. With only 5-7 millimoles per kg of muscle during rest, 

this energy source is only sufficient for very short periods of time[6, 7]. The fastest 

and simplest way to renew ATP is by also utilizing the body’s CP re-sources, which 

offer about 3-5 times more energy (about 20-25 millimoles per kg of muscle) than 

the ATP[5, 7]. As such, CP resources are an important and immediate energy re-

source for the body’s cells, transferring their phosphate to the ADP to create new 

ATP molecules[2, 5, 31], as seen in Figure 2. 

 

 

 

 

 

 

Figure 1. Flowchart, Energy potential from ATP molecules 
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This rapid process takes place within the cell through a reaction that is 

enhanced by the creatine phosphokinase (CPK) enzyme. As CP is readily available 

in the body’s cells and this chemical process is extremely fast, this anaerobic means 

for renewing muscle energy is referred to as the “immediate anaerobic system”[31, 

32]. However, as the quan-tity of CP in the muscle is also relatively small, it too is 

limited to only providing energy for a number of seconds. The combined ATP-CP 

resources in the muscles provide imme-diate energy for quickly contracting the 

muscle. Without the intervention of CP, the ATP resources would suffice for a 

maximum of 1-2 seconds of activity[3, 5, 7]. In addition, the optimal anaerobic 

supply reflects the ability of the immediate anaerobic system (ATP-CP) to release 

energy and activate muscles at maximum pace for short periods, of up to 10 

seconds[3, 5]. Greater efficacy of the ATP-CP enzyme activity is seen among 

athletes and people with a high percentage of fast twitch (FT) muscle fibers[30, 31]. 

As such, athletes with greater anaerobic capabilities will have a clear 

advantage when participating in a sport such as basketball that requires explosive 

power[2, 5]. Yet being able to measure players’ anaerobic abilities consistently and 

accurately requires uniform and relevant measurement tests. The aim of this thesis, 

Figure 2. Flowchart, ATP-CP energy system. 
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therefore, was also to review the existing anaerobic alactic measurement tests that 

can be specifically used in relation to basketball, as a means for providing 

basketball trainers, researchers, and physiologists with important information 

about optimal testing. 

1.2. EXPLOSIVE POWER AND ANAEROBIC ALACTIC DEMANDS IN BASKETBALL 

Analysis of the physiological requirements of basketball players over the past 

few decades indicates great reliance on the body’s anaerobic metabolism to 

perform sprints and jumps throughout a game[33]. Moreover, the relatively high 

blood lactate concentration values recorded during games indicate the central 

involvement of the player’s anaerobic capacity[2, 5, 34, 35]. As evaluating these 

factors during basketball practices and games is important, researchers and coaches 

have developed a range of tests for assessing anaerobic alactic system, and the 

effectiveness of the players’ physical conditioning. For example, Abdelkrim et al.[3] 

found that in elite male basketball players under 19, the new rules of basketball 

meant longer time periods performing high-intensity activities and an in-creased 

number of actions per game. Despite this, blood lactate concentration values were 

found to be slightly lower than those reported in earlier studies[1, 4, 5]. Such 

changes to the players’ metabolic load during basketball games must be addressed 

when developing and applying suitable physical conditioning programs and tests.  

In a review that assessed the most important and relevant measurement tests 

for basketball players, researchers found that following the introduction of the new 

rules of the game, basketball playing is mainly dependent on anaerobic power 

rather than on an-aerobic capacity[5, 15]. To assess the effectiveness of basketball 

training programs, tests should therefore specifically address players’ lower limbs, 

through tests such as vertical jump (VJ), agility T tests, and short distance sprints 

(5-meter), rather than tests like the suicide run that lasts about 30 seconds[5]. These 

tests all assess anaerobic alactic capabilities and explosive power of the players' 

lower limbs - as seen in basketball training and games. 
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1.2.1.  Specific movements in basketball 

As explained, basketball players’ successful performance depends greatly on 

their anaerobic alactic systems, with shorter, more intense actions that require 

greater explosive power[1, 2]. As such, training and tests should be developed in 

line with this important factor. However, it is also important to understand the 

more frequent movements required of basketball players in each situation[1, 5]. 

During practices and games, key actions include vertical movements (rebounds 

and jump shots), horizontal actions (change of direction and sprints), and a 

combination of the two (usually during shot blocking or when penetrating the 

basket)[2, 14, 33, 36]. As these high-intensity actions are continuously performed 

throughout the game[1–3, 9] professionals in the field seek optimal training 

methods for developing these physical capabilities among basketball players, 

especially their explosive power[2]. 

In order to maximize performance and minimize the risk of injuries, a 

comprehensive understanding of biomechanics is crucial when designing training 

programs for basketball players[1, 37]. Biomechanics, the study of the mechanical 

principles that govern human movement, plays a vital role in optimizing athletic 

performance and reducing the likelihood of musculoskeletal imbalances or flaws 

in technique[3, 12]. By analyzing the specific movement patterns in basketball, such 

as the mechanics of jumping, pivoting, and rapid changes of direction, trainers and 

coaches can identify areas for improvement and tailor training exercises 

accordingly[1, 2]. For instance, jump training programs can be designed to enhance 

vertical jump height and power, while agility drills can focus on improving lateral 

quickness and quick acceleration-deceleration capabilities[16, 26, 38]. 

Moreover, incorporating sport-specific drills that mimic game-like situations 

can further enhance basketball players' performance. These drills not only train the 

physical attributes required but also help develop decision-making skills, spatial 

awareness, and anticipation abilities[2, 5, 16, 39, 40]. By simulating realistic 

scenarios, players can improve their reaction time, adaptability, and overall 

basketball IQ[12, 16]. Additionally, integrating strength and conditioning exercises 

into the training program can enhance muscular power, endurance, and resilience, 

which are vital for sustaining optimal performance throughout a game[1, 2, 26]. 
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Overall, by taking a holistic approach to training, considering both the 

anaerobic alactic systems and the specific movement patterns inherent to 

basketball, coaches and trainers can effectively prepare players for the physical 

demands of the sport. By focusing on explosive power development, optimizing 

biomechanics, and incorporating sport-specific drills, basketball players can 

enhance their overall performance, elevate their game, and excel on the court[1, 5, 

41–43]. 

1.2.2. Differences in explosive power by age and gender  

Research has shown that there are differences in explosive power among 

basketball players based on age, gender, and playing positions[44–49]. Regarding 

age, explosive power typically increases with age during childhood and 

adolescence, with the greatest gains occurring during the growth spurt that occurs 

in early adolescence[50–55]. Boys tend to have greater explosive power than girls 

due to their greater muscle mass, and this difference is most pronounced during 

adolescence. However, both boys and girls can improve their explosive power 

through appropriate training programs[28, 29, 44, 56–66]. 

Explosive power is highly valued by coaches in basketball and they focus on 

improving this skill in players of all ages, experience, and levels of performance. 

To effectively develop players' explosive power and tailor training programs and 

game plans, coaches require consistent and accurate tools for assessing players' 

explosive power development. These tools must be tailored to the specific needs of 

basketball[1, 2, 20, 23, 67–70].  

 

Previous studies have found that men generally have a higher number of 

type II muscle fibers, greater muscle mass, strength, and quality compared to 

women[71]. These individual characteristics affect their ability to perform 

explosive movements that require higher contractile force and speed. Furthermore, 

age also plays a role in these differences as athletes develop and mature over time. 

A research study carried out on young basketball players revealed that age 

and sex were important factors in determining the strength produced by the lower 

body. The study found that there were no significant differences in 11-13-year-olds, 
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but in the 15-17 years age group, differences were observed in the force generated 

by the lower body, with female players exhibiting lower values in relative strength 

when compared to their body weight[27, 44, 51, 71]. 

Regarding the differences related to age[44, 56, 57, 72], it was confirmed that, 

the period of puberty can limit the development of skills in young basketball 

players, particularly in women's basketball players, due to the changes in physical 

abilities that occur during this physiological process. This can result in significant 

differences between the performance of male and female players. In the field of 

sports, it is common to present information through profiles[10, 33, 45, 73–76]. 

A literature review reveals the existence of a relationship between horizontal 

and vertical force production and their combination in explosive strength for 

basketball players. However, it is important to verify that these abilities in the field 

of explosive strength and the combination of specific movement demands in these 

planes also apply to basketball players in different age categories (U14, U16, and 

U18) and to consider differences between male and female players in these age 

groups[44, 56, 57, 71]. 

1.2.3. Differences in explosive power by playing positions 

Explosive power can vary significantly among basketball players based on 

their playing positions[45, 71, 77, 78]. Forwards and centers tend to have greater 

explosive power than guards due to their greater size and strength, which is 

advantageous in activities such as jumping and pushing off the ground[41, 71, 79–

82]. On the other hand, guards tend to be faster and more agile, which may be 

advantageous in activities such as dribbling and driving to the basket. Coaches and 

trainers should tailor their training programs to match the demands of each playing 

position and the specific needs of each player[45, 77, 83–86]. 

Basketball requires the execution of specific skills, movements, and 

physiological demands that vary depending on the player's position. Previous 

studies have shown that different positions in basketball have different 

physiological requirements, which may also vary by age and gender[44, 56, 67]. 

One aspect that has been frequently investigated is the anaerobic power and 

explosive power, especially in vertical jump performance[13, 71, 87]. 



 CHAPTER I – INTRODUCTION 

 

41 

Coaches should take into account the unique physical characteristics of 

players based on their playing position when designing training programs[1, 45, 

77]. Research has shown that forwards tend to have smaller and lighter body 

frames compared to centers, but larger and heavier body frames compared to 

guards. Additionally, guards generally exhibit higher levels of aerobic fitness 

compared to other positions when measured by field tests such as the YoYoIR1 and 

multistage 20m shuttle run[2, 20, 71]. 

Compared to centers, guards possess greater vertical jumping ability, while 

centers are marked by their heightened levels of muscular strength and power. The 

bulk of studies exploring player characteristics based on position have been 

constrained by a limited number of participants (n < 60) or restricted to the 

preseason training period. Only a few studies have assessed these attributes using 

a sizable group of players or during the regular season[45, 71, 77]. 

Recent studies have revealed that there are variations in explosive power 

among different positions in professional basketball, namely guards, forwards, and 

centers. The results showed that guards have significantly greater explosive power 

compared to forwards and centers. 

In addition, - Ziv and Lidor (2009) study yielded mixed findings with regards 

to the differences in vertical jump and jumping power among basketball players 

playing different positions[71]. On one hand, they reported no significant variances 

in these attributes across positions. On the other hand, they found that guards and 

forwards displayed significantly greater vertical jump heights compared to centers. 

The demands of playing positions in basketball vary in terms of anaerobic 

power and explosive power, especially in vertical jump performance[45, 71]. 

Moreover, age and gender differences also play a role in these physiological 

demands, as older and male players tend to have higher anaerobic power and 

explosive power[56, 57, 71]. However, further research is needed to fully 

understand the differences in physiological demands among young basketball 

players of different positions, ages, and genders[71, 77]. 
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1.3. EXPLOSIVE CAPABILITY ASSESSMENTS 

The ability to produce great power in short periods of time is of the utmost 

importance in basketball. As such, an emphasis is placed on enhancing explosive 

power among players of all levels and ages[5, 33, 88]. Doing so is not solely a 

theoretical exercise in fitness training and physiological principles; it requires the 

developing of reliable and valid measuring techniques that offer accurate and 

consistent outcomes[89, 90]. Moreover, to provide coaches with applicable rather 

than theoretical outcomes, measurement protocols must accurately replicate 

movements that athletes perform in practices and games, while also offering 

consistent tools to enable comparisons and generalizations[91, 92]. Doing so will 

ensure that differences in results over time are attributed to changes in the athlete’s 

performance rather than to differences in measuring systems. In addition, when 

applying measurement protocols, external factors should be controlled (such as 

time of day, the surface on which the test is conducted, and pre-test requirements), 

to avoid these environmental conditions and timeframes from impacting the test 

results[3, 93]. For example, in basketball, tests for explosive power should be 

conducted at three different points-in-time (immediately prior to the training 

program, about halfway through the program, and immediately after the training 

program), to gather maximum relevant data about the efficacy of the training 

program and its outcomes[1, 2, 5].  

Basketball is unique in that it requires players to perform both horizontal and 

VJ. As such, the literature offers a range of tests for measuring horizontal, vertical, 

and combined explosive power in basketball players[1, 33, 77]. This thesis 

addresses those tests that specifically examine players’ lower limb explosive 

power, which plays a central role in most basketball actions (Table 2).  
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Following are details of these eight basketball-specific tests.  

1.3.1. 5/10-meter sprint speed test 

The 5/10-meter sprint speed test is used to evaluate players’ horizontal 

explosive power through cyclical movement (i.e., sprinting from a standing 

starting point). The athlete is asked to perform two sprints from a standing starting 

point, with 3-5 minutes’ rest between the two sprints. The best time out of the two  

is recorded. The advantage of using photo-electric cells is threefold, as it provides 

athletes with an external “start” signal, automatically stops the measurement upon 

sprint completion, and if required, can record intermediate times during the sprint 

with modular systems[2, 94–96].  

 The test serves as a valuable tool for evaluating the explosive power of 

basketball players, a crucial attribute in their performance. By periodically 

conducting this assessment, coaches and trainers can monitor the progress and 

development of players over time. It allows for the identification of individual 

strengths and weaknesses, enabling targeted training interventions to enhance 

explosive power[2, 38, 97, 98]. The test results also facilitate player comparisons 

within a team, aiding in the selection of suitable roles and positions[45, 84]. 

Horizontal Vertical Combined 

5/10-meter sprint  

(speed test) 

Countermovement 

jump 
Bounding power 

Standing broad 

jump 
Squat jump Spike jump 

Horizontal drop 

jump  
Vertical drop jump   

2 x 5-meter change 

of direction ability  
  

Table 2. Specific Anaerobic Alactic Tests for Basketball Players 
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Moreover, the 5/10-meter sprint speed test contributes to injury prevention. 

By closely examining athletes' sprinting mechanics during the test, coaches and 

medical staff can identify any deviations or compensatory movements that may 

increase the risk of injuries. This information guides the implementation of 

corrective exercises and injury prevention strategies, ensuring the athletes' safety 

and well-being during intense gameplay[2, 11, 72]. 

Furthermore, the test provides valuable information for the professional 

staff involved in basketball training. Sports scientists, strength and conditioning 

specialists, and medical professionals can utilize the data collected from the test to 

gain insights into the athletes' capabilities[19, 26]. This data-driven approach 

enables evidence-based decision-making in designing training programs, 

individualized interventions, and monitoring progress over time. Additionally, the 

simplicity and accessibility of the 5/10-meter sprint speed test make it a useful tool 

for clubs that may not have access to advanced equipment, allowing them to 

evaluate and monitor explosive power effectively[1, 2, 5]. 

Overall, the 5/10-meter sprint speed test plays a crucial role in assessing 

horizontal explosive power in ball games, particularly in basketball. Its periodic 

implementation aids in monitoring player development, enhancing performance, 

preventing injuries, and providing valuable information for professional staff to 

optimize training strategies and maximize players' potential[1, 11, 28]. 

 Explanation of the 5/10- meter sprint speed test is presented in Figure 3. 

 Figure 3. 5/10- meter sprint speed test 
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1.3.2. Standing broad jump test 

The standing broad jump assessment is also used to assess basketball players’ 

an-aerobic alactic capabilities. For this test, the athletes are instructed to stand with 

both feet together by the starting line[99–101]. 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. If the athlete falls backwards during any of the jumps, the jump is 

disqualified, and the athlete is asked to repeat the jump[102, 103]. 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 explosive power among basketball players in clubs 

that do not have access to advanced equipment[2, 99].  

Performance of standing board jump test is presented in Figure 4. 

 

 

 

Figure 4. Standing broad jump test 
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The standing broad jump test allows for the evaluation of anaerobic alactic 

capabilities, which are crucial for quick bursts of explosive movements on the 

basketball court. It provides valuable information about the athletes' explosive 

power, leg strength, and coordination. This data is essential for coaches and 

trainers to design targeted training programs that focus on enhancing these 

attributes to improve overall performance[99–101]. 

Furthermore, the standing broad jump test can be utilized as a cost-effective 

and accessible assessment tool in various basketball settings. It does not require 

advanced equipment, making it suitable for clubs with limited resources. By 

incorporating this test into training programs, coaches can monitor the progress 

and development of players' explosive power over time. Additionally, the test can 

aid in injury prevention by identifying any movement imbalances or technique 

flaws that may increase the risk of injuries during explosive actions[2, 99]. 

In summary, the standing broad jump test is a valuable assessment tool for 

evaluating athletes' explosive power and anaerobic alactic capabilities in ball 

games, including basketball. It provides valuable data for coaches and trainers to 

tailor training programs, monitor progress, and improve performance. Its 

accessibility makes it particularly useful for basketball clubs with limited resources, 

while its emphasis on explosive power aligns with the demands of the sport[2, 19, 

25, 81]. 

1.3.3. Drop jump test 

The drop jump test, which can be conducted as a horizontal drop jump (HDJ) 

or as a vertical drop jump (VDJ) test, is used for measuring and developing athletes’ 

stretch-shortening cycle ability[63, 104, 105]. The athletes are instructed to stand on 

a pre-set box (at a height of 0.30-0.40 meters). The athletes then drop down to the 

ground, quickly bend their knees, and immediately perform a rebound jump as 

quickly as possible (< 0.25 seconds), minimizing their contact time with the ground. 

For the HDJ, they must jump as far forward as possible, while for the VDJ, they 

must jump up as high as possible. The test ends with their controlled landing on 

the ground[106–108]. Performance of drop jump test is presented in Figure 5. 
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Figure 5. Drop jump test 
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The drop jump test focuses on evaluating the athletes' stretch-shortening 

cycle ability, which is crucial for the rapid and powerful movements required in 

ball games, including basketball. The stretch-shortening cycle involves the rapid 

stretching (eccentric phase) and subsequent shortening (concentric phase) of 

muscles, resulting in increased power production during explosive movements. By 

measuring and assessing the athletes' performance in the drop jump test, coaches 

and trainers gain insights into their ability to efficiently utilize the stretch-

shortening cycle[104, 105, 107]. 

Moreover, the drop jump test serves as a valuable tool for developing 

athletes' stretch-shortening cycle ability. By incorporating specific training 

protocols, such as plyometric exercises, coaches can enhance the athletes' 

neuromuscular coordination and muscular power, improving their ability to 

generate explosive movements. This can directly translate to improved 

performance in ball games, where quick and powerful actions are essential[63, 105–

107]. 

Additionally, the drop jump test provides valuable information for 

individualized training programs. By evaluating athletes' performance in both the 

HDJ and VDJ variations, coaches can identify specific areas of strength and 

weakness. For example, athletes who excel in the HDJ may possess exceptional 

horizontal power and could be suitable for roles requiring quick bursts of speed 

and agility. On the other hand, athletes who demonstrate superior performance in 

the VDJ may possess remarkable vertical power and could be well-suited for roles 

that involve jumping, rebounding, and shot blocking[104–107]. 

In summary, the drop jump test is a valuable assessment tool for evaluating 

and developing athletes' stretch-shortening cycle ability in ball games, including 

basketball. It provides valuable data for coaches and trainers to assess performance, 

design targeted training programs, and improve overall athletic performance. By 

focusing on the stretch-shortening cycle, coaches can enhance athletes' power 

production and explosiveness, leading to improved performance on the basketball 

court[63, 104, 105]. 
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1.3.4. 2x5-meter change of direction ability test 

The 2x5-meter change of direction ability (CODA) test is especially suitable 

for measuring basketball players’ anaerobic alactic capabilities. The test measures 

sprinting time, turning, and changing direction. The athletes are instructed to 

perform a 5-meter run in one direction, turning around as quickly as possible, and 

then perform the same 5-meter run back to the starting point (a 10-meter run in 

total). Basketball players must possess strong agility capabilities to cope with the 

multiple stimuli and instantaneous decision making involved in the dynamic 

environment in which the game is played. In most cases, the T-test and pro-agility 

test are the gold standard for assessing agility among athletes[1, 16, 78]. However, 

in light of this review of the anaerobic alactic tests that are most suitable and 

specific for basketball players, the 2 x 5-meter CODA test should be conducted 

when examining the players’ anaerobic alactic and change of direction 

capabilities[38, 39, 109–111]. Performance of 2X5-m change of direction ability test 

test is presented in Figure 6. 

 

 

 

 

Figure 6. 2x5-meter change of direction ability test 
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By conducting the 2x5-meter CODA test, coaches and trainers can gather data 

on players' anaerobic alactic capacity and change of direction abilities. This 

information guides the design of targeted training programs to enhance these 

skills, ultimately improving overall performance on the basketball court. The test 

can also aid in identifying areas for improvement and developing strategies to 

optimize players' agility and quickness[1, 2]. 

In summary, the 2x5-meter CODA test is a valuable assessment tool for 

measuring anaerobic alactic capabilities and change of direction ability in ball 

games, with specific relevance to basketball. It provides valuable information on 

players' agility and quickness, enabling coaches and trainers to tailor training 

programs and strategies to enhance performance. The test's focus on sprinting, 

turning, and changing direction aligns with the demands of basketball gameplay, 

making it a suitable and specific evaluation method for basketball players' 

anaerobic alactic and change of direction capabilities[1, 2, 5, 16, 86]. 

1.3.5. Countermovement jump test 

The countermovement jump (CMJ) test assesses explosive power in a VJ, with 

athletes standing up straight, then bending their knees and quickly extending them 

to leave the ground and rise up as high as possible. The athletes are usually 

instructed to place their hands on their hips during the jump, to minimize upper 

limb momentum. Players per-form up to three jumps in total, with about two 

minutes’ rest between jumps. Jumps can be performed using one or both legs and 

a transmitting and receiving bar is employed that enables the accurate 

measurement of flight and contact times during jumps[2, 42, 90, 112–115].  

The CMJ test plays a vital role in assessing explosive power, a critical 

attribute in ball games, including basketball. By measuring the height achieved 

during the vertical jump, coaches and trainers gain valuable insights into the 

athletes' ability to generate force and power through their lower body. This 

information allows for the evaluation of performance, identification of areas for 

improvement, and the design of targeted training programs to enhance explosive 

power[37, 42, 114]. Performance of countermovement jump test is presented in 

Figure 7. 
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Performing the CMJ test with one or both legs enables the assessment and 

comparison of bilateral and unilateral explosive power, providing valuable data on 

athletes' leg strength and coordination. This assessment can assist coaches in 

identifying potential asymmetries or imbalances that may impact performance or 

increase the risk of injuries. By addressing these imbalances through targeted 

training, athletes can improve their overall explosiveness and reduce the likelihood 

of injury[1, 2, 90, 114]. 

Moreover, the use of transmitting and receiving bars in the CMJ test ensures 

accurate measurement of flight and contact times, offering detailed information on 

athletes' jumping technique and efficiency[2, 116]. This data can be analyzed by 

coaches and trainers to refine jumping mechanics, optimize power production, and 

minimize energy loss during explosive movements. The insights gained from the 

CMJ test can guide the development of individualized training programs, targeting 

specific areas for improvement and enhancing overall athletic performance on the 

basketball court[1, 5, 114]. 

In summary, the countermovement jump (CMJ) test is a crucial assessment 

tool for evaluating athletes' explosive power in ball games, with specific relevance 

to basketball. By measuring the height achieved during the vertical jump, coaches 

Figure 7. Countermovement jump test 
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and trainers can assess performance, identify areas for improvement, and design 

training programs to enhance explosive power[2]. The test allows for the 

assessment of bilateral and unilateral explosive power, aiding in the detection of 

imbalances[1, 2]. The use of transmitting and receiving bars ensures accurate 

measurement, enabling the analysis and refinement of jumping technique. 

Ultimately, the CMJ test plays a significant role in optimizing athletic performance 

and enhancing explosiveness in the game of basketball[2, 19, 25]. 

1.3.6. Squat jump test 

The sixth test reviewed in this article is the squat jump test, which also offers 

a tool for specifically measuring basketball players’ vertical explosive power. For 

this measurement assessment, the athletes assume a low squat position, refrain 

from any movement, then jump as up as high as possible. During the test, the 

players are usually asked to place their hands on their hips or behind their back, to 

prevent momentum from their upper limbs that could impact this assessment[1, 

19, 90].  Performance of squat jump test is presented in Figure 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 8. Squat jump test 
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The squat jump test serves as a valuable tool for evaluating basketball 

players' vertical explosive power, a critical attribute in the sport. By assessing the 

height achieved during the jump, coaches and trainers gain insights into the 

athletes' ability to generate force and power through their lower body. This 

information facilitates the evaluation of performance and enables targeted training 

interventions to enhance vertical explosive power[2, 90, 117]. 

Placing the hands on the hips or behind the back during the squat jump test 

eliminates the involvement of upper limb momentum, ensuring that the 

measurement accurately reflects the lower body's power generation. This focused 

assessment allows coaches and trainers to isolate and assess the athletes' lower 

body strength and power, specifically in relation to vertical jumping ability[26, 90]. 

Furthermore, the squat jump test provides valuable information for 

designing individualized training programs. By evaluating performance in this 

test, coaches can identify areas for improvement and tailor training strategies to 

enhance athletes' vertical explosive power. The test allows for ongoing monitoring 

of progress and the effectiveness of training interventions, facilitating evidence-

based decision-making in optimizing performance[2, 90, 117]. 

In summary, the squat jump test plays a crucial role in assessing basketball 

players' vertical explosive power in ball games, particularly in basketball. By 

measuring the height achieved during the jump and ensuring minimal upper limb 

involvement, coaches and trainers can evaluate performance, identify areas for 

improvement, and design targeted training programs to enhance vertical explosive 

power. The test's focus on isolating lower body strength and power aids in the 

development of specific training interventions[17, 19, 41, 67]. Ultimately, the squat 

jump test contributes to optimizing athletic performance and enhancing vertical 

jumping ability in the game of basketball.[2, 90] 

1.3.7. Bounding power test 

The bounding power test also examines basketball players' anaerobic alactic 

abilities. The athletes are asked to stand on one leg and jump horizontally as far 

forward as they can, six consecutive times. Alternating the jumping legs after each 

jump means that a total of three jumps are performed with each leg. This test 
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combines both horizontal and vertical capability assessments. In most tests, the 

athlete performs the final jump using both legs, into a sand box. This test is 

performed twice, with the longer distance being recorded. Results are measured 

manually using a tape measure[1, 118].  Performance of bounding power test is 

presented in Figure 9. 

 

 

 

 

 

 

 

Figure 9. Bounding power test 
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In most bounding power tests, the final jump is performed using both legs, 

and athletes land into a sand box or within the specific sports field. By 

incorporating both single-leg and double-leg jumps, the test captures different 

aspects of power production and coordination, which are essential in basketball. 

The specific sports field landing further enhances the specificity of the test, 

simulating game-like conditions and requiring athletes to execute controlled 

landings[1, 5, 41]. 

The bounding power test serves as a valuable tool for evaluating basketball 

players' power and explosiveness, which are crucial attributes for success on the 

court. By measuring the distance covered in the horizontal jumps, coaches and 

trainers gain insights into the athletes' ability to generate force and power in both 

horizontal and vertical directions[2]. This information aids in assessing 

performance, identifying areas for improvement, and designing targeted training 

programs to enhance bounding power[1, 2, 118]. 

Moreover, the bounding power test assesses athletes' anaerobic alactic 

capacity, which is particularly relevant in basketball. Anaerobic alactic abilities 

enable athletes to produce quick and explosive movements without relying on 

oxygen consumption[2, 6]. These abilities are vital for actions such as rapid 

accelerations, decelerations, and changes of direction on the basketball court. By 

evaluating anaerobic alactic capacity through the bounding power test, coaches can 

gain specific information about athletes' power production during high-intensity 

actions[1, 5, 6, 118]. 

In summary, the bounding power test holds substantial importance for ball 

games, athletes, and basketball. By evaluating both horizontal and vertical 

capabilities, as well as assessing anaerobic alactic capacity, the test provides a 

comprehensive evaluation of basketball players' power and explosiveness[1, 118]. 

It aids in evaluating performance, identifying areas for improvement, and 

designing targeted training programs[1, 119]. The specificity of the test, including 

the landing and alternating leg jumps, ensures its relevance to basketball-specific 

movements. Ultimately, the bounding power test contributes to optimizing athletic 

performance and enhancing power production in the game of basketball[1, 2, 118]. 
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1.3.8. Spike jump test 

Finally, the eighth test presented in this thesis is the spike jump test, which 

examines the horizontal and vertical explosive power of basketball players, using 

what is considered a specific volleyball jump. First, upstretched arm length is 

measured. Next, they are asked to jump up as high as possible (after taking three 

or four steps forward, or not). Their upstretched arm length is then measured at 

the height of their jump. Their static up-stretched arm length is then subtracted 

from their jump arm length, to achieve the relative height of the jump. A standing 

jump test can also be conducted for this assessment test[37, 120, 121]. These tests 

are specific for assessing explosive power in ball games and especially for 

professional basketball players who are required to manifest high levels of 

explosive power. Elite players will exhibit significantly higher levels in these tests 

than amateurs or players from lower leagues[5, 121]. Performance of spike jump 

test is presented in Figure 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10. Spike jump test 
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Notably, the spike jump test is particularly relevant for professional 

basketball players who are expected to manifest high levels of explosive power. 

Elite players are expected to exhibit significantly higher levels of performance in 

these tests compared to amateurs or players from lower leagues. The test serves as 

a discriminative measure that distinguishes between different skill levels, enabling 

the identification of athletes with exceptional explosive power[37, 121]. 

In summary, the spike jump test is of considerable importance for ball games, 

athletes, and the game of basketball. By assessing both horizontal and vertical 

explosive power, the test provides a comprehensive evaluation of basketball 

players' power generation capabilities. It aids in evaluating performance, 

distinguishing skill levels, and identifying areas for improvement. The specificity 

of the test to the game of basketball ensures its relevance to the sport's demands. 

Ultimately, the spike jump test contributes to optimizing athletic performance and 

enhancing explosive power in basketball players[37, 120, 121]. 

1.4. THE MOST COMMON EQUIPMENT FOR MEASURING EXPLOSIVE ABILITY  

There are several common measuring tools used on the court to measure the 

explosive strength ability of basketball players, including Optojump system, force 

plates, photoelectric cells, and the My Jump 2 app. 

1.4.1. Optojump system 

The Optojump system is a frequently used tool to measure explosive power 

and vertical jump performance in athletes. It comprises two horizontal bars with 

32 infrared diodes and sensors each, which are placed on the ground. The 

photoelectric cells of the system measure the athlete's flight time and contact time 

during a jump, which helps in calculating various performance parameters like 

power, speed, and jump height[98, 116, 122, 123]. 

Numerous studies have examined the reliability and validity of the 

Optojump system for measuring explosive power and vertical jump[1, 116]. One 

study revealed that the Optojump system had high intra-rater reliability, which 

means that the same researcher could obtain consistent results over multiple 

trialsjump[13, 91, 116]. Another study compared the Optojump system's 
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measurements to force plate measurements, considered the gold standard for 

measuring vertical jump performance, and found that the Optojump system 

produced results that were highly correlated with force plate measurements, 

demonstrating high concurrent validity[116]. 

Apart from research, coaches and trainers frequently use the Optojump 

system to monitor an athlete's performance and progress over time. The system 

identifies an athlete's strengths and weaknesses in explosive power and can track 

progress resulting from training interventions[1, 91, 124]. 

Overall, the Optojump system is a reliable and valid tool to measure 

explosive power and vertical jump performance in athletes. Its portability and ease 

of use make it a popular choice among researchers and practitioners in the field of 

sports science[91, 98, 116]. 

1.4.2. Force plates 

Force plates are devices used to measure the force applied to a surface, such 

as the ground, by an object or person. They are commonly used in sports science 

and biomechanics research to measure a variety of parameters related to 

movement, including explosive power and vertical jump[125, 126]. 

To measure explosive power using a force plate, an athlete will typically 

perform a maximal effort jump or movement, such as a squat jump or a 

countermovement jump. The force plate measures the force applied to the ground 

during the movement, as well as the time taken to reach peak force and the rate of 

force development. These parameters can be used to calculate measures of 

explosive power, such as the rate of force development (RFD) and the explosive 

strength index (ESI)[125–127]. 

The vertical jump is a commonly used test of explosive power, and force 

plates are often used to measure the height of the jump, as well as the force and 

power generated during the movement. To measure vertical jump height using a 

force plate, the athlete stands on the force plate and jumps as high as possible, while 

the force plate measures the ground reaction force (GRF) and the time taken to 

reach peak GRF. The height of the jump can then be calculated using the flight time 

of the athlete[127]. 
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The Force plates can also be used to measure other parameters related to 

explosive power and vertical jump, such as the velocity and power of the takeoff 

phase of the jump. These parameters could be used to provide a more detailed 

analysis of the athlete's performance and to identify areas for improvement. 

The Force plates are a valuable tool for measuring explosive power and 

vertical jump in sports science and biomechanics research. They provide a detailed 

analysis of an athlete's performance and can be used to identify areas for 

improvement in training and conditioning programs[103, 125–127]. 

1.4.3. Photoelectric cells 

Photoelectric cells are sensors that emit a beam of light and are used to 

measure explosive power and vertical jump performance in athletes[116, 128]. They 

work by detecting changes in the amount of light that is reflected back to the sensor. 

During jump measurement, photoelectric cells are placed at a fixed distance above 

the ground and emit a beam of light that is interrupted when the athlete jumps. The 

sensors then measure the flight time and contact time of the athlete's jump, which 

can be used to calculate various performance parameters such as jump height, 

power, and speed[122, 128]. 

Studies have investigated the validity and reliability of photoelectric cells in 

measuring explosive power and vertical jump. It has been found that they have 

high intra-rater reliability, meaning that consistent results can be obtained over 

multiple trials by the same researcher. Additionally, photoelectric cells have high 

concurrent validity when compared to other tools such as force plates, which are 

considered the gold standard for measuring vertical jump performance[1, 122, 128]. 

One of the benefits of using photoelectric cells is their ease of use and 

portability. They can be quickly set up and transported, making them a convenient 

tool for coaches and trainers to use for monitoring athletes' performance and 

progress over time. However, photoelectric cells also have some limitations. They 

are sensitive to ambient light, which can affect their accuracy. Additionally, factors 

such as athlete technique and body position can impact their measurements[128]. 

Despite these limitations, photoelectric cells remain a valuable tool for 

measuring explosive power and vertical jump performance in athletes. Their ease 
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of use and portability make them a popular choice for coaches and trainers in the 

field of sports science. While they may not be as accurate as force plates, 

photoelectric cells provide a useful and convenient alternative for measuring 

athletic performance[122, 128]. 

1.4.4. My Jump 2 App 

My Jump 2 App is a mobile phone application that has been developed to 

measure vertical jump height and estimate lower body power. The app is becoming 

increasingly popular among athletes, coaches, and trainers as a low-cost and easy-

to-use tool for assessing explosive power[129–132]. 

The app uses the accelerometer and gyroscope sensors in a smartphone to 

detect the athlete's movement and calculate the jump height using the formula of 

gravity and displacement. In addition to measuring jump height, the app provides 

a power index score that combines the jump height with the athlete's body mass to 

estimate lower body power[132]. 

Several studies have examined the validity and reliability of My Jump 2 App 

in measuring explosive power and vertical jump. One study compared the 

measurements obtained from My Jump 2 App to those obtained from a force plate, 

which is considered the gold standard for jump measurement. The study found 

that My Jump 2 App had high concurrent validity with force plates, indicating that 

the app produced results that were highly correlated with those obtained from the 

force plate[129, 131, 133]. 

One advantage of My Jump 2 App is its low cost and ease of use. The app can 

be downloaded onto a smartphone, making it a convenient tool for athletes, 

coaches, and trainers to use for monitoring performance and progress over time. 

Additionally, the app provides immediate feedback, which can be useful for 

athletes to adjust their technique and improve their performance[129, 130, 132]. 

However, like other jump measurement tools, My Jump 2 App also has 

limitations. The app's accuracy may be affected by factors such as athlete technique, 

body position, and landing surface. Additionally, the app's measurements may not 

be as accurate as those obtained from more sophisticated and expensive tools such 

as force plates[129]. 
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Despite these limitations, My Jump 2 App remains a popular and valuable 

tool for measuring explosive power and vertical jump performance in athletes. Its 

low cost, ease of use, and immediate feedback make it a convenient option for 

athletes, coaches, and trainers to use in their training programs[129, 131]. 

 My Jump 2 App is a reliable and valid tool for measuring explosive power 

and vertical jump height in athletes. Its convenience and low cost make it a popular 

option for athletes, coaches, and trainers to use in their training programs. 

However, its accuracy may be affected by certain factors and should be considered 

when interpreting the results obtained from the app[129, 132]. 





 

II – JUSTIFICATION 
 





 CHAPTER II – JUSTIFICATION 

 

65 

II - JUSTIFICATION 

The game of basketball is far from new, yet over time certain rules have been 

added, removed, or altered[2]. In today’s era of the more modern basketball, 

players must develop and apply lower limb explosive power, to ensure optimal 

performance throughout the game[19, 26]. The ability to produce such intense 

actions within extremely short periods of time is largely dependent on the players’ 

anaerobic alactic system[8]. In general, the basketball game is comprised of many 

anaerobic actions – short forceful moves that are frequently carried out throughout 

practices and games, such as short sprints, jumps, and change of direction[2, 5]. The 

capability to perform anaerobic activities, such as those that require lower limb 

explosive power, is based on the players’ anaerobic alactic energy resources[2, 16], 

the adenosine tri-phosphate – creatine phosphate system (ATP-CP) that is easily 

accessible through stores in the muscles. The players’ glycolysis system also 

contributes to such anaerobic activities, especially those that last more than just a 

number of seconds. In addition to employing the anaerobic system, the players’ 

aerobic energy system also plays a key role, as it enables fast recovery from, and 

repetition of, high intensity anaerobic actions[3, 15, 134–136]. 

Many key actions that are performed during a basketball practice or game 

are based on vertical movements (e.g., rebounds and jump shots), horizontal 

movements (e.g., change of direction and sprints), or a combination of the two (e.g., 

layups) – all of which are intermittently performed throughout the game while 

employing lower limb explosive power[2, 9, 12]. Due to its important, coaches place 

an emphasis on improving players’ explosive power for players of all ages, level of 

performance, and years of experience in the game of basketball[73, 124]. To 

examine and assess the players’ development and improvement of their explosive 

power – as a means for creating and adjusting training programs and game plans 

– measurement tools are needed for assessing these abilities in a consistent, 

accurate, and reliable manner, and in a form that suits the specific field of 

basketball[8].  
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The main aim of such fitness tests is to assess the condition of athletes in terms 

of the relevant fitness component that is being tracked, to determine what needs to 

be improved and worked on during training programs[26]. 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[32, 77]. 

However, to the best of our knowledge, no test has been developed and validated 

specifically for assessing lower limb explosive power among basketball players. 

While existing tests are often applied to players from a variety of sports[2], they 

entail certain limitations when employing them in basketball players[8].  

The scientific literature offers several protocols for measuring players' 

explosive power, yet different protocols may lead to different results, rendering 

comparisons between outcomes of different tests inaccurate or incomplete[8, 19]. 

As such, coaches from different clubs who wish to confer with one another on 

explosive power training issues must ensure they have employed the same 

protocol in order to compare notes. Similarly, when comparing the performance of 

the same basketball players over time, the same test must be used consistently[137], 

despite changes such as different professional staff members (trainers, coaches and 

sports scientists) and other different team members[32]. Without a consistent 

testing protocol, differences in results cannot necessarily be attributed to changes 

in performance, as they may simply stem from differences in the measurement 

systems or from the person who is conducting the test[2, 32]. 

Measurement protocols should be as similar as possible to the actual 

movements that athletes perform when playing, and should take into account a 

range of environmental and other factors[2, 8, 19, 32]. Tests for measuring explosive 

power should be administered at the onset of the training program, halfway 

through, and then again at the end – to maximize the relevance and accuracy of the 

data received with regards to the efficacy of the training program and its 

contribution to the seen achievements[8, 77]. In some cases, existing tests do not 

provide necessary field tests for assessing specific basketball movements. To the 

best of our knowledge, no relevant test currently exists for actions that combine 

both vertical and horizontal movements, coordination, and using only one leg – all 

of which are specific to the game of basketball. 
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 Thus, it is a challenge to construct a reliable and valid test that mediates 

between test and performance limitations and provides a means for coaches to test 

unique basketball abilities. 
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III - OBJECTIVES 

The main objective of this thesis, was to develop and assess the reliability and 

validity of a unique new test that optimally measures lower limb explosive power 

(i.e., alactic anaerobic capability) in basketball players, through a combination of 

specific vertical and horizontal movements that replicate actions performed during 

the game of basketball, similar to penetration to the basket and layups. 

Another objective of this thesis was, to examine differences in age, gender 

and specific position in the game. According to the results we will try to determine 

specific standards for this new and unique test. 

Here are tables presented with a question, hypothesis, and objective 

regarding the main goals of the three major stages in this thesis: 

 
 

Table 3. The first stage- objective 1 

QUESTION HYPOTHESIS OBJECTIVE 

 

Is it possible using the 

field tests that presented 

in the literature to assess 

specific physical abilities 

of basketball players? 

Yes, but more specific 

tests are required. Such 

are tests that examine 

physiological 

requirements and 

movements that are 

more specific and 

relevant to what is 

happening in the game. 

To review the field 

tests in the literature 

and examine in depth 

the need for an 

explosive power test, 

unique ones with very 

specific requirements 

for the game of 

basketball. 
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Table 4. The second stage- objective 2 

QUESTION HYPOTHESIS OBJECTIVE 

Does the unique specific 

jumping test will be 

more efficient for 

basketball players? 

The test is very specific 

and combines horizontal 

and vertical movement 

together as in penetrating a 

basket in a lay-up. For this 

goal, we need to do 

research that will include a 

lot of relevant tests and to 

examine the reliability and 

validity of the new test. 

To develop a unique 

test that can optimally 

predict explosive 

power for basketball 

players in specific 

actions in penetration 

to the basket and 

layups.  

 

 

 

 
Table 5. The third stage- objective 3 

QUESTION HYPOTHESIS OBJECTIVE 

Are there differences when 

using the new test in age, 

gender and position for 

basketball players? 

 

Yes. we will see 

differences in 

performance in age, 

gender and position. 

 

To examine differences 

in age, gender and 

specific position in the 

game. According to the 

results we will try to 

determine specific 

standards for this new 

and unique test. 
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Specific objectives: 

- To compare the new unique test to 9 relevant standardized tests. 

- To compare the new test using both the dominant and non-dominant foot. 

- 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 (Under 14, Under 16, and Under 18). 

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

at different ages. 

To compare and examine differences in specific positions in basketball for 

groups in age Under 18. 
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IV -MATERIAL AND METHODS 

4.1. STUDY 1- THE UNIQUE SPECIFIC JUMPING TEST: VALIDITY AND RELIABILITY    

4.1.1. Participants 

The study included 22 male basketball players, ages 16-18, members of an 

elite youth league team in Israel (mean age 16.8 ± 0.5 years; body mass 78.2 ± 5.9 

kg; height 185.3 ± 4.0 cm; and body fat 11.1 ± 3.1%). The participants had been 

members of the club and had participated in professional training and competitions 

for at least eight consecutive years. Their weekly routine included five basketball 

practices, two fitness practices, and one league game. Four inclusion criteria were 

applied in this study, whereby each participant had: (a) participated in at least 90% 

of the weekly trainings during the season (10-months) prior to the research: (b) 

regularly participated in the previous season; (c) not incurred any injuries, were 

not in any pain, and were not taking any medication; and (d) a clean bill of health. 

To reduce interference in the research outcomes, the participants were 

instructed to refrain from consuming depressants (such as alcohol) or stimulants 

(such as caffeine) for 24 hours following up to the testing; they were asked not to 

eat for about three hours as well; and were instructed not to conduct strenuous 

physical activity for at least 24 hours leading up to the testing. The parents of the 

participants (who were minors) signed and submitted an informed written consent 

form. Anonymity could not be assured, in light of the nature of the research, yet all 

obtained data were treated with scientific rigor and maximum confidentiality, and 

the data obtained were used solely for this research project. The research study was 

approved by the Ethics Committee at the authors’ affiliated academic institution 

and was performed in line with the December 13 Organic Law 15/1999 on the 

Protection of Personal Data and the 2008 Helsinki Statement, updated in 

Fortaleza[138]. 
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4.1.2. Procedure 

To examine lower limb explosive power among basketball players, we 

developed a unique jumping test specifically for examining lower limb explosive 

power in basketball players. This capability was measured through the jump 

movement of the layup following the penetration to the basket, which combines 

both horizontal and vertical movements that replicate real time basketball 

movements on the court. Flight time was used as the measurement indicator of this 

test – before and after contact with the ground. This was measured using the 

Optojump system by MicroGate (Italy), an optical measurement system that is 

comprised of a receiving and transmitting bar. This system offers high accuracy 

compared to alternative measuring methods and enables tests and measurements 

in real sports environments, such as basketball courts and soccer fields[1, 95, 98, 

116, 122, 123]. Each jump was also recorded on two separate video recordings. 

Using the Optojump system enabled the real time documenting of numerical and 

graphic measures, thereby providing an objective tool. The gathered data was then 

transmitted directly onto an Excel file, enabling fast and simple documentation 

and access[116, 122]. The complementary video recordings allowed us to examine 

and verify the recorded data as needed.  

The participants performed the tests assessed in this study at 4 pm, with 

indoor temperatures of about 20.4 ±0.5C and humidity of about 60.3% ±3.5%. The 

participants wore basketball shoes and appropriate sportswear. Prior to the tests, 

the participants warmed up for about 20 minutes on their home basketball court. 

The warmup included 6 minutes of layups (right/left), 8 minutes of mobility 

movements and dynamic stretches, and 6 minutes of accelerations and 

deceleration.  

After warmups, each participant performed the unique test twice, which 

included two layups and penetrations of the basket, once for their dominant leg 

(U1D) and once for their non-dominant leg (U1ND). In this study, the dominant 

leg was defined as their preferred hopping leg. These were repeated 72 hours later, 

for their dominant leg (U2D) and for their non-dominant leg (U2ND). The 

test/retest results were then compared to assess the reliability of the new test. 

During Day 1 of the testing, after performing the U1D and U1ND tests, the 

participants also performed nine additional standardized tests. A recovery period 
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of at least 5 minutes between each test was provided[1, 2, 31, 139]. All tests were 

carried out on the basketball court where the participants regularly practiced and 

played, to ensure familiarity with the testing environment. The unique 

test/standardized test results were then compared to the assess the validity of the 

new test.  

In addition to the new test, the participants also completed a 5 and 10 m 

sprint, the bounding power test (BP), and the following 6 versions of the 

countermovement jump (CMJ): countermovement jump both legs, hands free 

(CMJF); countermovement jump both legs, with hands on hips (CMJWH); 

countermovement jump dominant leg, hands free (CMJDF); countermovement 

jump dominant leg, with hands on hips (CMJDWH); countermovement jump non-

dominant leg, hands free (CMJNDF); and countermovement jump non-dominant 

leg, with hands on hips (CMJNDWH). The results of these tests were compared to 

those of the unique new test to assess validity. The participants were able to achieve 

complete recovery following a 5-minute rest among tests, allowing the participants 

to perform a number of tests on the same day. However, the unique test was 

performed first, for both the dominant and the non-dominant leg, we chose to 

conduct this test first, prior to performing the additional nine standardized tests – 

to ensure similar conditions 72-hours later during the retest.  

4.1.3. Stage 1: The New Unique Test for Basketball Players 

As seen in Figures 11-13, the novel test requires players to perform a 

penetration and layout, once using their dominant leg and once using their non-

dominant leg. The test incorporates running, jumping, and landing, as well as 

shooting the ball into the basket, and is performed on the regular basketball court.  

Two pictures of the new and unique test presented in this thesis were taken 

on the day of the research, in order to best illustrate the new test that was 

developed. 
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Figure 11. Performance of the novel jumping test for basketball players 
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Figure 12. Performance  new test on Research Day at the moment of the beginning of the jump 
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Figure 13. Performance new test on Research Day during the jump 
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More specifically, the participants began the test outside the detection area of 

the Optojump system, which was placed on the floor in the painted area. They 

began in the standing position, while holding the ball in both hands, followed by a 

layup into the testing zone, and then a combined horizontal-vertical jump as they 

threw the ball towards the basket using only one hand. They released the ball at 

the zenith of their jump, shooting towards the basket with the one hand. They then 

landed within the measuring area no more than 1.5 m from their last point of 

contact prior to their flight. Figure 14, provides a detailed explanation of the flow 

chart of the test.  

In this study, two basketball coaches and two fitness coaches conducted the 

test while ensuring the following: (1) The leg (dominant / non-dominant) was 

behind the foul line without crossing it; (2) Two steps were taken before the jump; 

(3) Push off was performed with one leg (dominant / non-dominant); (4) The ball 

was held with both hands when starting and with only one hand when releasing 

it; (5) The ball entered the basket, or at least touch the rim, after the ball was released 

from the player’s hand;  

 

Figure 14. Flow chart of the novel jumping test for basketball players 
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(6) Players landed on the balls of their feet without excessive bending of the 

knees, and landed only on their feet; (7) Players landed with both feet within the 

measurement zone; (8) Players did not touch the basket rim or net with the hand 

during the jump, either before or after releasing the ball; and (9) The ball did not 

fall onto the measurement units of the Optojump system before the player landed. 

Players who did not meet all of these guidelines were asked to repeat the jump. 

In summary, when performing the layup for the test, the players were asked 

to jump as high as they can, i.e., a horizontal run followed by a vertical jump that 

also comprises horizontal elements. They were also instructed to land on both feet 

up to 1.5 m from the last point of contact with the ground after holding the ball in 

just one hand, to replicate a real time penetration of the basket.  

4.1.4. Stage 2: Comparison of the Unique Test to Standardized Tests 

To assess and validate this new field tool, the data achieved from the novel 

test were compared to results from nine standardized tests, as detailed in the 

following section. 

The 5/10-Meter Sprint Speed Test. This speed test was used to evaluate 

players’ horizontal explosive power through cyclical movement (i.e., sprinting 

from a standing starting point). The participants were asked to perform two 10 m 

sprints from a high starting point, with 3-5 minutes’ rest between the two sprints. 

The best result of the two was recorded[1, 2, 26]. In this study, the participants only 

completed two 10 m sprints, as the measuring tool recorded their results after 

completing both 5 m and 10 m in the same sprint. 

BP Test. This test was used to evaluate players’ horizontal and vertical 

explosive power. In the study, the participants were instructed to stand on one leg 

and jump as far forward as they can, six consecutive times, each time landing on 

the alternating leg[1, 118]. The recorded results were the final distance reached by 

the participants after bounding forward six times. This test was also performed 

twice, with the greater distance being recorded. Distances were measured 

manually using a tape measure[1].  

CMJ Tests. In the study, the participants completed 6 types of CMJ tests, to 

assess their vertical explosive power in a single jump. The participants began in the 
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straight standing position, then bent their knees and quickly extended their legs to 

leave the ground into a flight movement, rising up as high as possible[90, 140]. This 

was performed once using both legs, once using the dominant leg, and once using 

the non-dominant leg – all with hands on hips to neutralize upper limb momentum. 

These 3 jumps were then repeated while hands were in a free position – resulting 

in a total of 6 tests. Recovery time was about 2 minutes between jumps[1, 2, 90]. 

The jump heights were also recorded using the Optojump which converts flight 

time to jump height[1, 2, 116, 122]. 

4.2. STUDY 2- THE UNIQUE SPECIFIC JUMPING TEST: DIFFERENCES IN AGE, GENDER 

AND PLAYING POSITION 

4.2.1. Participants 

This research included 232 young basketball players, both male and female, 

from 4 clubs in Israel. The study began by taking various physical measurements 

of each participant, such as their height (in meters), body mass (in kilograms), and 

body fat (%). The height measurement was taken using a stadiometer (SECA, 

Germany) with a precision of 1 cm, while the body weight and fat percentage were 

measured using electronic scales (Tanita BC 418, Japan) with a precision of 0.1 

kg[141]. All participants had been playing basketball for a period ranging from 

three to eight years. Additionally, they were required to attend at least two fitness 

practices, participate in 3-5 basketball practices, and one league game each week. 

Finally, it was necessary for the players to have no current injuries, aches, or 

medication usage to be included in the study. 

Table 6, presents the participants’ physical characteristics, including body 

mass, height, and body fat by age group and gender. 
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Table  6 . Participants’ Physical Characteristics by Mean (SD) 

      
FAT% Height (m) Body Mass (kg) N   
10.83±1.31 1.86±5.38 76.4±7.53 42 U-18  
10.62±1.29 1.78±6.7 65.9±8 37 U-16 Males 

11.01±1.27 1.73±6.9 58.1±7.9 36 U-14  
25.33±4.56 1.66±5.07 59.8±5.8 42 U-18  
23.451±3.37 1.63±4.79 56.9±5.73 37 U-16 Females 

22.95±5.56 1.58±4.76 48.2±4.37 38 U-14  
      

4.2.2. Procedure 

Once the basketball clubs and coaches were contacted to participate in the 

study, the players and their parents were requested to provide informed consent. 

It was made clear that participation was optional for all participants. Although 

complete anonymity could not be guaranteed due to the study's nature, all 

participants and parents were guaranteed the highest level of confidentiality and 

scientific precision throughout the study. It was emphasized that the data collected 

would only be used for the research project. Dates for conducting the study at each 

club were scheduled to avoid disrupting their training and competitions. 

To avoid any variations caused by the time of day, all participants completed 

the test at 6 pm under standard ambient conditions, with a temperature of 23.1 

±0.5C and relative humidity of 70.5% ±3.5%. The assessments were conducted by 

the researchers and the team's coach inside the official indoor basketball courts, and 

the players were instructed to wear their regular sportswear and basketball shoes. 

Before the assessments, the players were advised to avoid consuming caffeine, 

other stimulants, alcohol, and other depressants, and to refrain from strenuous 

physical activities for at least 24 hours. They were also instructed to fast for 

approximately three hours prior to the testing. The research study was approved 

by the Ethics Committee at the authors’ affiliated academic institution and was 

performed in line with the December 13 Organic Law 15/1999 on the Protection of 

Personal Data and the 2008 Helsinki Statement, updated in Fortaleza[138]. 
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4.2.3. Tools  

The New Unique Test for Basketball Players 

Using their preferred hopping leg, players are required to perform a 

penetration and layup as can be seen in the figures presented in Study 1. The test 

entails a combination of activities such as running, jumping, and landing, in 

addition to shooting the ball into the basket. It should be noted that the test is 

conducted on a standard basketball court. 

4.2.4. 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 (U14), Under-16 (U16), and Under-18 (U18), 

and (3) three positions groups: guards, forwards and centers (all from the group of 

Under-18). 

 

4.3. OPTOJUMP SYSTEM FOR THE NEW TEST  

The measurement device chosen for the development of the new test is the 

OptoJump system, which is displayed in Figure 15. 

 

 

 

 

 

 

 

 

 

 
Figure 15. Optojump system 
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4.3.1. The advantages of Optojump in field tests 

Many methods are used today to measure and assess explosive power. These 

methods include contact exercise mats, standing high jump and various types of 

optical systems. While these methods are commonly used and simple to operate, 

they have a number of limitations. For example: standing high jump results can be 

affected by shoulder flexibility and arm length. In addition, when using contact 

mats the athlete's feet work on a surface that differs from the one the athlete plays 

on, thus reducing test validity [116, 122, 123].  

These methods require the use of various measurement instruments which 

produce different results due to measurement errors[116]. Thus in addition to the 

differences created by different measurement protocols, the use of the same 

protocol but with different measurement equipment may complicate comparisons 

of results. For example, a difference of 2.9% was found in jumping height between 

two different systems that measure time in air. In another study which measured 

vertical jump using four different measurement methods, different values were 

reported for each measurement, while test reliability for each method by itself was 

high[98, 116]. In other words, as long as the same instrument is used over time, 

differences in performance can be attributed to changes in performance and not to 

errors in repeat measurements[116].  

It should be noted that explosive power performance can also be affected by 

environmental conditions such as external temperature, wakefulness, time of day 

when the test is conducted and whether the test is conducted before or after 

training[116, 122, 123]. Thus such data should be documented and further tests 

should be administered in conditions as similar as possible to the first test in order 

to maintain uniformity. Some measurement systems for explosive power are 

expensive and require professional staff for operation[91, 116, 117, 122].  

In contrast, simple systems are available for measuring jump height but these 

systems are not suitable for all jumping protocols. When selecting the most suitable 

test for the needs of the coach/athlete, measurement protocol and instruments 

should be considered. Because of the great importance of performing tests in a 

manner as close as possible to actual actions during games/competitions and in 

order to avoid limiting athletes' movements during the jump, more advanced 

measurement instruments are probably preferable[116, 122].  
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In order to overcome the limitations of the most commonly used methods 

today, the innovative Optojump system was developed to analyze, assess and 

measure sport performance and abilities. Central to the system architecture are a 

pair of measurement units, comprising a transmitting device and a receiving 

apparatus, strategically positioned upon the performance surface. This is different 

from other systems such as the contact exercise mats. Each of the measurement 

units is about a meter long and a number of measurement units can be connected 

together. Each unit contains from 33 to 100 electronic "eyes", depending on the 

measurement resolution desired. The eyes in the transmitting measurement unit 

are in constant contact with the receiver, and the system can record every 

movement performed between the measurement units as well as duration. In 

addition, all the tests performed with the system are documented by two video 

cameras. The advantages of the system over others in use are the level of accuracy, 

mobility and ease of operation – the test can be conducted on a soccer field, a 

basketball or volleyball court, the athletics stadium and even on the run-up surface 

for broad jumps, high jumps or pole vaulting[116, 122, 123].  

With the system it is possible to gather numerical and graphic measures in 

real time as well as visual feedback from the video cameras. Test results are 

received in real time so that the instrument can be used not only to assess 

performance but also as an objective tool for feedback during training or periodic 

monitoring of performance. After edited data were transmitted directly to an Excel 

file where they can be accessed and processed simply and easily[116].  

The system can be used to compare the functioning between right and left 

legs – to reveal any lack of balance and adapt an intervention program if necessary. 

The visual documentation provided by the cameras can be retrieved later to verify 

data against actual test performance[116, 122, 123]. 

Optojump is suitable for many sports and preparatory meetings are usually 

held with the training staff to coordinate expectations and build individualized 

series of tests[116, 123].  

In short, the Optojump system utilizes innovative technology for accurate 

and consistent measurement of physical abilities. With these measurements 

coaches and athletes can identify weaknesses and improve the training program so 

as to improve athletic abilities and reach athletic goals[98, 116, 122, 123]. 
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4.4. STATISTICS 

4.4.1. Statistics of study 1 

Internal consistency (α Cronbach) was used to assess the validity and 

reliability of the new proposed test. Mean ±SD were calculated and presented for 

describing a range of participant characteristics as well as the results of their 

physical tests. Normality was tested using Shapiro-Wilk W statistics. Reliability of 

the new test was measured via Intra-class Correlation (ICC) and Bland Altman 

plot[20, 140, 142]. Correlations between the standardized jump tests and the unique 

test were calculated using Hopkins et al.[143, 144] to consider their strength: 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), and perfect (r=1)). Significance levels were set 

at p < 0.05. SPSS v.26.0 (IBM) was used for conducting statistical analyses. 

4.4.2. 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 positions groups. 

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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V -  RESULTS 

5.1. RESULTS OF THE TWO ORIGINAL RESEARCH STUDIES IN THE THESIS PROJECT 

In this chapter, the results of the original research conducted in this thesis 

are presented. 

5.1.1. Results of study 1 

In order to assess the validity and reliability of the new proposed test, 

measurements were conducted twice, with a 72-hour gap between the two. For the 

dominant leg, internal consistency (α Cronbach) was 0.992 and ICC was 0.984 

(p<0.001). For the non-dominant leg, internal consistency was 0.994 and ICC was 

0.978 (p<0.001). 

For the dominant leg, Figure 16 presents the Bland-Altman plot [mean = -

0.354, 95% CI (-3.577, 2.868)]. Only one point was outside the CI, thereby enhancing 

the validity and reliability of the new test for the dominant leg. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. Bland Altman Plot U1D, U2D 
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For the non-dominant leg, Figure 17 presents the Bland-Altman plot [mean = 

-1.268, 95% CI (-3.959, 1.423)]. Again, only one point was outside the CI, thereby 

enhancing the validity and reliability of the new test for the non-dominant leg. In 

addition, test/retest correlations were calculated, indicating a very high correlation 

for both the dominant and non-dominant leg [R = 0.985 (P < 0.001); R = 0.988 (P < 

0.001), respectively]. Moreover, differences between U1D and U2D mean scores, 

examined through t-tests, were not found to be significant [t21=-0.101, p=0.323], 

while differences between U1ND and U2ND were found to be significant [t21=-

4.331, p<0.001]. 

 

 

Table 7 presents mean ± SD of the new and standardized explosive power 

tests conducted in this study. The highest scores achieved in the novel test were 

U1D = 53.90 cm and U2ND = 45.50 cm.  

Table 8 presents strong correlations between results of the novel test and the 

standardized tests. The results indicate a high magnitude of correlations (Hopkins) 

for the new test with all standardized tests was high (0.5 < r < 0.7), very high (0.7 < 

r < 0.9), and nearly perfect (r > 0.9). Correlations between U1D/U1ND and both 

Figure 17. Bland Altman Plot U1ND, U2ND 
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horizontal tests (5 / 10 m sprint) were high; correlations between U1D/U1ND and 

all CMJ vertical tests was very high. Finally, especially high correlations were seen 

between the U1D/U1ND scores and the BP test (r > 0.9) [R = 0.956 and R = 0.933, 

respectively]. 

 

 

 
Table 7. Results of Lower Limb Explosive Power Tests 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Basketball Players (N=22)   MSD 

 5 m Sprint (s) 1.08 ± 0.07 

10m Sprint (s)  1.84 ± 0.09 

BP (m)                                                       13.2 ± 1.73 

CMJF (cm)                                                  43.8 ± 8.6 

CMJWH (cm)                                            35.8 ± 7.6 

CMJDF (cm)                                               24.40 ± 5.45 

CMJDWH (cm)                                           19.90± 4.20 

CMJNDF (cm)                                             23.20 ± 5.51 

CMJNDWH (cm)                                       19.72 ± 4.72 

U1D (cm)                                                  38.21 ± 9.00 

U2D (cm)                                                  38.56 ± 9.41 

U1ND (cm)                                                31.55 ± 8.95 

U2ND (cm)                                                 32.82 ± 8.73 
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Table 8. Correlations between Novel Test and Standardized Tests 

Basketball Players (N=22) 

 
U1D (CI 95%) U1ND (CI 95%) 

5m Sprint (s) -0.571* (-1.099, -0.199) -0.535* (-1.047, -0.147) 

10m Sprint (s) -0.670* (-1.260, -0.361) -0.637* (-1.203, -0.303) 

BP (m) 0.956*** (1.448, 2.347) 0.933*** (1.231, 2.131) 

CMJF (cm) 0.848** (0.799, 1.699) 0.851** (0.810, 1.709) 

CMJWH (cm) 0.856** (0.829, 1.728) 0.827** (0.729, 1.628) 

CMJDF (cm) 0.859** (0.840, 1.739) 0.888** (0.963, 1.862) 

CMJDWH (cm) 0.811** (0.680, 1.580) 0.780** (0.596, 1.495) 

CMJNDF (cm) 0.775** (0.583, 1.482) 0.860** (0.844, 1.743) 

CMJNDWH (cm) 0.706** (0.430, 1.329) 0.775** (0.583, 1.482) 

 

Magnitude of correlation: *high, **very high, ***nearly perfect 
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5.1.2. Results of study 2 

 

Table 9 presents, the participants’ descriptive data by gender (including age 

and average of jump height achievement of the unique specific jumping test), and 

optimal results of this unique test. Significant differences were seen between the 

genders in their mean jump height achievement, regardless of age, whereby the 

mean jump height achievement for males (40.82±8.03) was significantly greater 

than for females (32.76±5.54), (p<0.05). Moreover, improvement in these results in 

line with increased age was also evident, whereby older players jumped higher.  

As seen in Figure 18, there are significant differences between males and 

females also in relation to age. In the male group there are significant differences 

between the age groups, U-18-U-14 and U-18-U-16 and U-16-U-14 (p<0.05). In the 

female group there are also significant differences between the age groups, U14-U-

18 and U-14-U-16 (p<0.05).  

 
Table  9 . Participants’ Descriptive Statistics 

     
Optimal Results (cm)  USJT (cm) N Age Gender 

41.21±2.57 32.42±3.83 36 U-14  
51.21±0.73 41.31±6.72* 37 U-16 Males 

56.11±1.09 47.59±4.24* 42 U-18  
31.48±0.55 26.38±3.42* 38 U-14 

 
41.36±1.03 35.55±3.29 37 U-16 Females 

41.77±0.40 36.06±3.30 42 U-18  

USJT= unique specific jumping test (the new test), USJT (cm) = The average 

of each group, Optimal Results = The average of the 3 best results for each group. 

 

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

improved jump height in the female participants began to decrease after the age of 

16, unlike the continued increase seen in males at the same ages (Figure 19) 
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* Boys U-18-U-14 and U-18-U-16 and U-16-U-14 (p<0.05) 

* Girls U-14-U-18 and U-14-U-16 (p<0.05) 

* Between boys-girls in U-14 and U-16 and U-18 (p<0.05). 

 

 

 

Figure 18. Average Jump Achievement by Age and Gender 

Figure 19. Differences in Average Jump Achievement by Age and Gender Interactions 
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The male participants showed consistent significant improvement in the 

mean jump achievement by age, with a significant increase from U-14 (32.42±3.83) 

to U-16 (41.31±6.72), and from U-16 to U-18 (47.59±4.24). With the female 

participants, on the other hand, no such consistency was seen, in light of an increase 

from U-14 (26.38±3.42) to U-16 (35.55±3.29), yet with no significant change from U-

16 to U-18 (36.06±3.30), as depicted in Figure 4. In addition, significant differences 

were seen in gender at all age groups, between boys-girls in U-14 and U-16 and U-

18 (p<0.05). When the jumping performance of the males was significantly higher.  

When examining differences in gender and playing positions among the age 

groups U-18, Only the males groups showed significant differences between the 

playing position groups, as depicted in Figure 20. The guards jumped significantly 

higher than the centers.  In addition, as seen in Figure 21, there were significant 

differences in gender in all positions of the game. 

* Boys: Guards-Centers (p<0.05). 

Figure 20. Average Jump Achievement by Gender and Playing Position in Age U18. 
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* Between boys-girls in Guards and Forwards and Centers (p<0.05). 

 

 

The findings from this thesis have led to the creation of an Estimated 

Achievement Table (Table 10) that can be utilized by coaches and trainers of young 

basketball players. This customized scale accounts for the age and gender of the 

players and provides an estimated jump performance score using the Unique 

Specific Jumping Test for Basketball Players. With this tool, coaches and trainers 

will be able to rank their players' jump performance on a scale from unprepared to 

excellent. 

 

 

 

 

 

Figure 21. Differences in Average Jump Achievement by Gender and Playing Position Interactions 
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Table 10. Achievements Table (Unique Specific Jumping Test for Basketball Players) 
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VI -DISCUSSION 

This chapter will examine, validate, and compare the results of the current 

doctoral thesis with previous research. The chapter is divided into two sections: a 

discussion of the literature review findings that shed light on the need for a more 

specific field tests in basketball, the second study (an original experimental study), 

and the third study (a larger original experimental study). 

This thesis reviews the existing lower-limb anaerobic alactic tests that are 

suitable for measuring basketball players’ abilities, a total of eight assessment tests. 

The modern game of basketball has become more intensive following the 

introduction of new rules in 2000. As such, basketball players’ agility and anaerobic 

alactic[3, 5] abilities, rather than aerobic capabilities, play a more central role in 

their performance. Basketball players today are highly conditioned athletes, which 

is necessary for achieving consistent high-level performance throughout the 

season[12, 145, 146]. Moreover, the game is unique as it requires players to perform 

horizontal movements, vertical ones, and a combination of the two[2, 124]. These 

high-intensity movements are intermittently performed throughout the game, at 

different time intervals and from different positions on the court[5, 77]. As such, 

sports re-searchers, trainers, and strength and conditioning coaches continue to 

strive to identify optimal measurements tests that are specific to basketball[19, 33]. 

Trainers and researchers often use 20 or 27-meter tests for assessing players’ 

abilities, as this is similar to the length of a basketball court[6]. However, video 

analysis indicates that basketball players rarely have to sprint across the entire 

court. Rather, they mainly perform high intensity runs lasting 1.7-2.1 seconds, 

which is more similar to the 5/10-meter run[3, 33]. To the best of our knowledge, 

both theoretical and practical field tests are lacking that examine both horizontal 

and vertical capabilities specifically for basketball players. Moreover, a number of 

tests assess athletes’ upper body explosive strength (such as the 1-RM bench press 

test). These were not reviewed in this thesis as these skills are less frequently used 

in basketball.  
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Efforts have been made to create tests that specifically assess lower limb 

explosive power among basketball players[2, 5, 19, 43, 147]. Although studies 

indicate correlations between vertical and horizontal power[120, 148], the scientific 

literature lacks specific tests for examining this power in combined vertical and 

horizontal movements[1, 38, 149]. In a study on handball players[124], no 

association was observed between the CMJ tests and the players’ time in the air – 

an action that entails both horizontal and vertical movements. As such, CMJ may 

not be a reliable tool for predicting jumping ability specific to handball players. On 

the other hand, a different study revealed a strong connection between CMJ 

outcomes and the volleyball jump serve, which also combines both horizontal and 

vertical components, similar to the spike jump in basketball[120]. As such, 

connections among these variables seem to differ from sport to sport, and perhaps 

even among athletes with different levels of development. Moreover, it is unclear 

as to whether CMJ test protocols and others can reliably predict specific basketball 

jumping abilities (e.g., jumping time when leaping up towards the basket on one 

leg while holding the ball).  

Additional examples of inadequate tests can be seen in a number of 

intervention studies relating to ball games. While the outcomes of these studies 

indicate improvements in maximal sprint, strength, plyometric, and complex 

training, as seen in CMJ performance assessments[1, 25, 119, 140, 150, 151], it is 

unclear whether these improvements can be transferred to additional game 

situations, such basket penetrating and layups. Indeed, transferring physical 

improvements seen in training to actual ball games is not easy to assess – as 

additional factors must be addressed, such as players’ technical abilities and 

complex inter-actions. 

Since the main factor for assessing basketball players’ capabilities is their 

anaerobic alactic system, tests that examine their anaerobic glycolytic energy 

system are less relevant[5]. Tests should specifically focus on players’ lower limb 

explosive power, such as the 5/10-meter sprint test rather than the 20-meter test. 

Moreover, it seems that while multiple tests exist, there is no standardization of 

these assessment tools – national or international. For example, while the 

horizontal and vertical drop jump tests may offer important tools for assessing 

basketball players’ plyometric and jump height abilities, drop height and jump 
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height are not always identical and as such, could result in different 

measurements[104, 106]. Additional limitations of the existing tests can be seen in 

tests such as the spike jump that combines both horizontal and VJ capabilities, as 

differences in players’ shoulder joint flexibility may impact the outcomes of the test 

and hinder the ability to reliably compare athletes’ measurements[120].  

Finally, the issue of upper-limb momentum should be addressed, as 

biomechanical and physiological tools used to study the VJ often attempt to 

neutralize the athletes’ arm movement (by performing the test with their hands on 

their hips or behind their back). This is done in an attempt to isolate the effect of 

leg muscle power as a means for seeking causal relationships between improved 

lower body muscular power and jump height. However, this does not replicate the 

exact jump movements that athletes in general and basketball players in particular 

perform during practice and games – especially as jumping without arm 

momentum is not an action that is performed in competitive sports[2, 19, 152].  

Regarding study 1, the aim of the current study was to develop a unique test 

for assessing lower limb explosive power in basketball players in the field, and 

assess its reliability and validity. Indeed, the game of basketball requires players to 

use lower limb explosive power for performing horizontal and vertical movements, 

as well as complex jumps that require a combination of the two[2, 116]. Players also 

need to have strong coordination capabilities between their upper and lower limbs, 

for performing actions such as penetration to the basket through layups, while 

continuously maintaining control of the ball[2, 26].  

In 2017, Rodríguez-Rosell et al.[153]  examined the reliability and validity of 

two standardized tests for vertical jumps (CMJ and the Abalakov jump) and two 

specific jump tests that combine both horizontal and vertical abilities (run-up and 

2-LEGS or 1-LEG take-off jump). The researchers examined these tests as predictors 

of sprint and strength performance among soccer and basketball players. All four 

tests presented high intraclass correlation coefficients, regardless of the players’ age 

or sport. The 1-LEG test presented slightly greater variability than the other three 

tests, as well as the least validity. The researchers explained these findings as the 

result of the more complex motor structure of this jump. Indeed, assessing the 1-

LEG test among both soccer and basketball players may have created a limitation, 

as these two ball games require different physical abilities[5, 153]. Rodríguez-Rosell 
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et al.’s[153] findings, combined with a range of additional reasons, led us to create 

a more unique 1-LEG test specifically for basketball players, assessing a basic 

movement that is learned and acquired when first embarking on basketball, yet one 

that is constantly repeated during practice and games at all levels and ages while 

holding a ball. As such, the use of the ball during tests should not perceived as a 

limitation and may even be advantageous when assessing the jump specifically 

among basketball players[2, 12].  

The skills exhibited in the novel test are relatively complex, requiring 

explosive power on two plains (horizontal and vertical) while holding a ball. 

However, for professional basketball players, these are basic, frequently used skills 

in both warmups, practice, and games[9]. For this reason, we chose to only assess 

highly experienced basketball players from professional clubs – to ensure that they 

possess very good control of the examined movement, and as a means for 

decreasing the limitation of a learning curve (i.e., learning a new skill specifically 

for the test) between the test and the retest. Moreover, unlike previous studies, we 

assessed a combination of a horizontal jump of up to 1.5 m forward – as the jump 

in the test was performed after a horizontal run with the ball and as a natural 

continuation of this action[12, 153].  

The main findings of the study indicate a high correlation between the 

test/retesting results for both legs, with mean scores remaining very similar. The 

magnitude of correlation of the new test was nearly perfect (r > 0.9) for both legs. 

Moreover, as only one point was found to be outside the confidence interval (CI), 

our findings enhance the reliability and validity of the new test for both legs.  

Although the new test was found to be valid for both legs, differences were 

seen in the mean scores when comparing between the test/retest results. For the 

dominant leg, better scores were seen in the test (U1D), while for the non-dominant 

leg, better scores were seen in the retest, conducted 72 hours after the initial test 

(U2ND). This finding could stem from the ongoing need for strong coordination 

skills with the dominant leg when playing basketball – as no differences were seen 

in the test-retest scores for this leg. Although the test was performed on one leg, it 

was performed after a layup – which could explain the large differences in means 

scores compared to the CMJ tests that were performed on one leg without 

accelerating beforehand.  
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According to the Bland-Altman plot, accuracy is higher for the dominant 

(preferred) leg, as compared to the non-dominant leg where variability is higher. 

This is apparently due to the fact that the participants are more used to using the 

dominant leg in games and practice so there is more consistency. 

For the horizontal tests, the highest correlation was seen for the 10 m sprint 

test (R > 0.670), which required greater acceleration than the 5 m sprint, as well as 

greater combination of horizontal and vertical movements. In the vertical tests, the 

CMJ presented very high correlations for all assessments, with the highest 

correlation being between the CMJF and the CMJDF (R > 0.8). As in these tests the 

participants were required to jump with their hands free, not on their hips, this 

could explain the higher significance of the results.  

The highest correlation was seen for the BP test (R > 0.9), where both 

horizontal and vertical skills were combined. As this is a typical requirement when 

playing basketball, this finding enhances the importance and relevance of the 

newly developed test. As with the novel testing protocol, the BP test requires strong 

capabilities of both vertical and horizontal lower limb explosive power[118]. The 

participants possessed a strong foundation for doing so, based on their training in 

plyometrics and in explosive power – which is why we compared between the BP 

test and our newly proposed test. Yet despite the combination of movements, the 

BP test is not as specific as the new test in replicating and assessing basketball 

players’ explosive power. As such, our findings indicate the significance of the 

newly proposed test for assessing lower limb explosive power among basketball 

players in the field. 

The findings of this research are in line with those of previous studies that 

assessed standardized tests for measuring lower limb explosive power and 

complex coordination (that require both horizontal and vertical capabilities) for a 

range of ball games[18, 120, 124, 153]. Yet to the best of our knowledge, this is the 

first research study to examine a unique test for the game of basketball, compared 

to other standardized tests that could be relevant to a number of fields of sport. 

The second study in this thesis was conducted on a large group of basketball 

players with diverse ages and genders, and the analysis of these data is also highly 

important and interesting. 
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High-level explosiveness is crucial to the performance of young basketball 

players[2]. This component is dependent on genetics but can also be developed 

through various training programs[1]. In order to compete at high levels in 

basketball, players require specific and unique abilities for the game[1, 2, 20]. The 

game demands a combination of horizontal and vertical explosiveness[1, 2, 26]. 

Young players who are able to express their explosiveness in specific movements 

of the game will have a significant competitive advantage over players with lower 

explosiveness[2, 5, 19, 51, 141, 154].  

The new test we developed measures a basic basketball movement that is first 

learned when starting basketball, but is constantly practiced and used in games at 

all ages and levels while holding a ball. It is important to note that using the ball 

during the test is not a limitation and may even be beneficial in assessing the jump 

specifically among basketball players. The skills required for the test are relatively 

complex, involving explosive power on both horizontal and vertical planes while 

holding a ball (as presented in study 1)[155]. However, for professional basketball 

players, these skills are basic and frequently used in warmups, practice, and 

games[1, 2, 153]. That's why we only tested highly experienced basketball players 

from professional clubs to ensure that they have excellent control over the 

movement being examined[153]. 

The first objective of this research was to examine differences in specific 

explosiveness based on gender and age groups, using a unique and innovative test 

for basketball players presented in this study. The test simulates a specific 

movement of penetration to the basket with a ball. Significant differences were 

found between genders, as male players had higher average vertical jump heights 

compared to female players in each age group. Significant differences were found 

in the effects of age on performance among genders and within groups of female 

players. Male players exhibited consistent improvement with age, while female 

player groups displayed a different pattern. Although female players showed 

similar improvement between ages U14 to U16 as male players, no significant 

improvement was observed between ages U16 to U18 in female player groups. This 

findings is in line with the previous study by Ramos et al. (2019), which reported 

different effects of gender on the adolescent age and their implications on sports 

performance[156]. 
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The second objective of this study was to examine differences in specific 

explosive power ability using a unique test based on gender and playing positions. 

Since younger basketball players typically play in all positions and not in specific 

playing positions, this study examined differences in playing positions only in 

male and female U18 groups. Significant differences were found between genders, 

as male players had higher average vertical jump heights than female players in all 

playing positions. These findings are also in line with previous studies that 

investigated the effect on playing positions in basketball[41, 45, 71, 77, 80, 81]. 

The observed differences in vertical jump heights between male and female 

players could be attributed to inherent biological factors. Generally, males tend to 

have higher levels of testosterone, which can contribute to increased muscle mass, 

strength, and power. These physiological differences may give male players an 

advantage in generating vertical jump height compared to female players[7, 30, 33, 

49].  

 Additionally, significant differences were found between playing positions 

only in the male participant group, where guards achieved significantly higher 

results in the specific unique jumping test compared to centers. 

Guards and centers in basketball may have different physiological 

characteristics that affect their jumping ability. Guards, who tend to be smaller and 

lighter, may have better agility and explosive power, which can contribute to 

higher results in jumping tests compared to centers, who are typically taller and 

heavier[79, 84]. In addition the specific role and responsibilities of guards and 

centers within the basketball game may influence their jumping abilities. Guards 

often need to make quick vertical jumps for shooting or defending against taller 

opponents, while centers might rely more on their standing reach and strength near 

the basket. These role-specific demands could explain the discrepancies in jumping 

performance between the two positions[41, 45, 85]. 

The unique jumping test may involve specific skills that are more relevant to 

the playing style and responsibilities of guards. Guards often rely on quick 

explosive of speed and leaping ability to navigate through defenders and finish 

plays at the basket. Centers, on the other hand, may focus more on strength and 

post positioning rather than explosive jumping[27]. 
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VII - CONCLUSIONS 

Based on the results obtained, as well as the hypotheses and objectives 

proposed by the present doctoral thesis, the conclusions are made below. 

7.1. GENERAL CONCLUSIONS 

Regarding the scientific literature review presented in this thesis, it seems 

that specific tests for basketball players are lacking, especially tests for examining 

agility[16, 39] a skill that requires lower-limb explosive power. The literature also 

lacks measurement tests for examining lower limb explosive power that requires 

both horizontal and vertical movements combined, as required in penetration of 

the basket[5, 19]. It is especially difficult to replicate the dynamic, constantly 

changing environment that is typical of basketball games – an environment filled 

with simultaneous multiple stimuli in which players must make split-second 

decisions that could impact the outcome of the game. Future studies could benefit 

from developing and researching basketball specific tools for assessing players’ 

anaerobic alactic energy systems in relation to their lower-limb explosive power. 

Developing such tools could significantly enhance research and performance in 

basket-ball.  

Assessment tests must provide useful input and insights that trainers and 

coaches can utilize in the field. As such, it is important to comply with the principle 

of specificity in training, whereby a given motor skill is improved (and tested) as it 

is performed during actual games[2, 5, 10, 157]. Indeed, with specific respect to 

basketball, developing an applicable, reliable, and valid field-specific test for 

assessing players’ anaerobic capabilities is im-portant. As such, this thesis helps to 

make order regarding the specific demands made on the players’ physiological 

energy systems – especially the alactic anaerobic system – and the role they play 

during a basketball game, as well as the specific patterns of movements. Despite 

the fact that much of the information in this review thesis is familiar to coaches and 

trainers, highlighting the specific needs of basketball may help them to choose the 

most suitable tools, and may also shed light on new directions for developing 

basket-ball-specific assessment tests. 
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7.2. SPECIFIC CONCLUSIONS 

Regarding study 1, the game of basketball is unique as it requires lower limb 

explosive power combined with high coordination capabilities. Professional 

basketball teams of all ages are committed to a tight and strenuous schedule. As a 

result, trainers and coaches may encounter difficulties in assessing the players’ 

physical abilities, especially during the game’s season[2, 11, 93, 146, 158, 159]. In 

addition, although a number of validated tests assess explosive power and players 

of ball games, none are specifically suited to the game of basketball, thereby making 

the assessment task more difficult[2]. 

The novel test that we developed, which is specific for the game of basketball, 

could provide trainers and coaches with a unique and applicable field tool for 

assessing players’ lower limb explosive power – especially during congasted 

schedules[93]. Doing so will save time, as only the one test will be needed, rather 

than having to employ a range of tests[2, 20, 153]. In addition to saving resources, 

using this novel test could enhance results, assessments, and comparisons as it is 

suited to the game of basketball with its unique and specific movements. Moreover, 

as the new test is performed on one leg, it can be used to assess players’ dominant 

and non-dominant leg individually – offering insights into symmetry and 

differences between both legs, as well as the ability to return to playing after an 

injury. As such, the test could also be helpful for strength and conditioning coaches 

and physiotherapists.  

It is important to note that the standardized tests that assess explosive power, 

as presented in this study, remain relevant and important – and may offer 

additional insights and conclusions. However, when seeking a more focused and 

specific test for the game of basketball, the unique test presented in this article 

offers added value to the field of basketball and its assessments. 

In conclusion of study 2, our research sheds light on the differences in 

performance on a novel specific jumping test among young basketball players, with 

age, gender, and playing position all affecting results. Our findings highlight the 

importance of including sport-unique specific tests in talent identification and 

selection processes, as these tests can provide valuable information about a players 

skill set and potential for success in the sport and basketball in particular. 

Furthermore, coaches and trainers should consider these factors when designing 
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training programs to improve jumping ability, as individualized approaches may 

be necessary for optimal development. Future research should continue to explore 

the effects of other factors, such as training history and physical fitness, on 

performance regarding specific jumping tests in young basketball players. 

Ultimately, a better understanding of the unique characteristics of young basketball 

players can help optimize their athletic development and enhance their potential 

to success. 
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VIII - LIMITATIONS AND FUTURE WORK 

There were some limitations in the presented studies, which may affect the 

interpretation of the reported results. 

Regarding study 1, the current study has important value for research and 

assessments in sports in general, and in basketball in particular. However, the 

research does entail a number of limitations. First, the participants only included 

male basketball players from an elite youth league team in Israel. As such, future 

studies could benefit from employing the test on a more varied sample, to include 

a larger range of positions and ages, as well as both male and female players. In 

addition, it would be interesting to examine the new test for jumps using both legs, 

such as penetration to the basket, as well as assessing the test on non-professional 

basketball players who have not been trained to develop the necessary 

coordination and control.   

In study 2, although its practical and theoretical contributions to the field, this 

study has some limitation that should be addressed. This study was initially 

conducted during the competition season when the players were at their peak 

fitness, therefore the findings may be less relevant to other periods. Additionally, 

the study was conducted only on young basketball players, and it is important to 

verify the data presented in this study on adult players, particularly regarding 

game positions. It would also be interesting to examine the impact of the new and 

unique test on non-professional basketball players, as this test only examined 

professional basketball players. 
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APPENDIX 1. Published Scientific Article (Review Article) 

Reference: 

Gottlieb R, Shalom A, Calleja-Gonzalez J. Physiology of Basketball – Field Tests. 

Review Article. J Hum Kinet. 2021;77:159–67. 

-This paper is an important part of writing the introduction of the research proposal 

and also of the introduction of this thesis project. 



 ASAF SHALOM 
 

 

 

 

 

142 

  



 CHAPTER X – APPENDIXES 

 

143 

 



 ASAF SHALOM 
 

 

 

 

 

144 

 



 CHAPTER X – APPENDIXES 

 

145 

 



 ASAF SHALOM 
 

 

 

 

 

146 

 



 CHAPTER X – APPENDIXES 

 

147 

 



 ASAF SHALOM 
 

 

 

 

 

148 

 



 CHAPTER X – APPENDIXES 

 

149 

 



 ASAF SHALOM 
 

 

 

 

 

150 

 



 CHAPTER X – APPENDIXES 

 

151 

APPENDIX 2. Published Scientific Article (Original Research) 

Reference: 

Shalom A, Gottlieb R, Alcaraz PE, Calleja-Gonzalez J. A Unique Specific Jumping 

Test for Measuring Explosive Power in Basketball Players: Validity and Reliability. 

Applied Sciences. 2023;13:7567. 

 

-This paper presents the first original research study of this thesis. 
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