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GENERAL SUMMARY 

 

Chapter 1: Theoretical framework. 

Las acciones de alta intensidad juegan un papel determinante en los partidos de 

fútbol. Conocer el estado del jugador durante estas acciones nos permitirá conocer qué 

efecto tienen los programas de entrenamiento sobre las mismas y diseñarlos atendiendo 

a las necesidades y/o requerimientos individuales. En este sentido, el área de medición y 

valoración del futbolista es una de las que mayor relevancia tienen en la comunidad de 

profesionales del fútbol. El principal problema de las mediciones y valoraciones del 

jugador es la escasa aplicabilidad de las pruebas sobre los escenarios reales de juego, 

existiendo pocos elementos comunes entre las valoraciones y las acciones propias de la 

competición. En consecuencia, testar al jugador de fútbol bajo condiciones próximas al 

juego es clave para obtener datos válidos y aplicables a la competición. Es por ello que 

el principal objetivo de esta tesis es aproximar mediciones usuales como el esprín y el 

salto vertical a los escenarios reales de la competición. Concretamente, este trabajo 

pretende analizar (a) un nuevo test de esprín en trayectoria curva y (b) un test de salto 

vertical con carrera de aproximación y con presencia de balón, dos acciones 

fundamentales durante la competición. 

 

 

Chapter 2: New Curve Sprint Test for Soccer Players: Reliability and Relationship 

with Linear Sprint.  

En el rendimiento en esprín no solo están involucrados los esprines lineales, sino 

también existe un amplio espectro de movimientos multidireccionales, como el esprín 

en curva. El esprín en curva se puede definir como esprín con un cambio de dirección 
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(COD) continuo durante todo el recorrido. Aunque el ~85% de las acciones realizadas a 

máxima velocidad en la liga de fútbol profesional inglesa son esprines curvilíneos, no 

hay ninguna prueba específica para medir esta habilidad. El objetivo de este estudio fue 

analizar la fiabilidad de un nuevo test de esprín en curva y relacionar los resultados con 

los obtenidos en esprín lineal por los mismos jugadores de fútbol. Cuarenta jugadores 

de fútbol semi-profesionales realizaron 3 repeticiones de esprín en curva (usando el arco 

del área) hacia el lado derecho e izquierdo (17m), y 3 esprines lineales (17m) en dos 

días diferentes. El coeficiente de correlación intraclase (ICC) (fiabilidad inter-sesión) 

fue de 0,93 para el lado derecho del esprín en curva (CSRS) y 0,89 para el lado 

izquierdo (CSLS), considerados “aceptables”. Los CV (fiabilidad intrasesión) fueron 

0.87% en CSRS y 1.15% en CSLS. El coeficiente de determinación (R2) entre el esprín 

lineal y curvo fue de ~35%. La asociación entre ambos lados de la curva fue “muy 

grande” (r=0.878; p<0.01). En resumen, mostramos que el test de esprín en curva es 

altamente fiable, y que los esprines curvilíneos y lineales son acciones independientes y 

diferentes. 

 

 

Chapter 3: Curve Sprinting in Soccer: Kinematic and Neuromuscular Analysis. 

Esprintar en trayectorias curvilíneas es una habilidad fundamental en fútbol, 

correspondiendo un ~85% de las acciones realizadas a máxima velocidad en la liga 

profesional de fútbol inglesa. El presente estudio comparó el comportamiento 

neuromuscular y tiempos de contacto (FCT) de la pierna externa (OL) y la pierna 

interna (IL) durante el esprín en curva hacia ambos lados de la curva y durante el esprín 

lineal. Nueve jugadores (edad=23±4.12 años) de fútbol realizaron diferentes esprines: 

3x lineal, 3x curva derecha y 3x curva izquierda. Un análisis no paramétrico fue usado 
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para comparar las diferencias entre IL y OL, además del análisis de Cohen d para 

calcular el tamaño del efecto (ES). Considerando el promedio de los datos, la 

clasificación de rendimiento (de mejor a peor) fue la siguiente: 1. Curva lado “bueno” 

(2.45±0.11s), 2. Lineal (2.47±0.13s) y 3. Curva lado “débil” (2.56±0.17s). Comparando 

el FCT entre el esprín lineal y en curva, IL registró diferencias significativas (lado 

“bueno”; ES = 1.20 y “débil”; ES = 2); por el contrario, en OL, no existieron diferencias 

significativas (lado “bueno”; ES = 0.30 y “débil”; ES = 0.49). La electromiografía 

(EMG) mostró diferencias significativas durante el esprín en curva entre OL (mayor 

actividad de BF y Gmed) e IL (mayor actividad en ST y ADD) en todos los músculos 

seleccionados. En resumen, IL y OL tienen roles diferentes durante el esprín en curva, 

pero IL está más afectada (FCT) por el cambio de lado “bueno” a “débil”. 

 

 

Chapter 4: The Importance of Ball Presence in Jump Assessment in Soccer: 

Kinetic and Kinematic Analysis. 

El objetivo de este estudio fue analizar las diferencias biomecánicas entre el 

salto vertical en carrera sin (carrera de aproximación y salto vertical, RUVJ) y con 

(carrera de aproximación y salto a balón, HT) presencia del balón. Se analizaron doce 

jugadores de fútbol semi y profesionales (n = 12) (edad = 23.9 ± 3.5 años). Se realizaron 

tres intentos de cada salto en el laboratorio, donde se obtuvieron variables cinéticas y 

cinemáticas con un sistema de captura de movimiento. Se utilizó la prueba T para 

variables dependientes y para muestras emparejadas, y la d de Cohen para describir el 

tamaño del efecto (ES). Hubo diferencias significativas (p <0.05; ES de 0.65 a> 2) en 

todas las variables estudiadas, excepto el impulso de aceleración durante el último 

contacto con el pie (LFC). Los resultados mostraron una velocidad más baja del Centro 
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de Masas (CoM) en RUVJ (1.96±0.34m/s) que en HT (3.58±0.65m/s) durante el 

contacto inicial; mayor tiempo de contacto en RUVJ (0.35±0.09s) que en HT 

(0.25±0.04s) y menor aplicación de fuerza por unidad de tiempo (RFD) en RUVJ 

(4432.4 ± 2231.68N·s-1) que en HT (9452.55±5093.08N·s-1) durante LFC; mayor 

velocidad horizontal CoM en HT (2.15± 0.64m/s) que RUVJ (0.52±0.24m/s) durante la 

fase de despegue; mayor altura de salto en HT (2.31±0.08m) que RUVJ (2.21±0.06m); 

y mayor ángulo de rotación en el eje vertical del cuerpo durante el aterrizaje en HT 

(42.71±24º) que en RUVJ (15.66±14.72º). Estos hallazgos sugieren que las 

evaluaciones del salto vertical deberían realizarse bajo la presencia del balón. 

 

 

Chapter 5: Reliability and Usefulness of Maximum Soccer-Specific Jump Test: a 

Valid and Cost-effective System to Measure in any Soccer Field.  

Los objetivos de este estudio fueron (a) medir la fiabilidad intrasesión e utilidad 

de un salto máximo específico de fútbol (carrera de aproximación y salto a balón, HT) y 

(b) analizar la validez de un instrumento fácil de usar y económico (cámara 

Smartphone, MOB) comparándolo con un instrumento “gold-standard” (Sistema de 

captura de movimiento 3D, MOCAP) para medir la altura de salto vertical durante el 

HT. Doce jugadores profesionales y semi-profesionales (23.9±3.6 años) se sometieron a 

3 repeticiones de HT, donde los valores cinemáticos fueron registrados con MOB y 

MOCAP. Usamos el coeficiente de correlación intraclase (ICC) y el coeficiente de 

variación (CV) para obtener la fiabilidad intrasesión. Se utilizaron la prueba T con el 

tamaño del efecto (ES) de Cohen, el coeficiente de correlación de Pearson y el análisis 

de Bland-Altman para obtener los datos de validez del MOB. Respeto a los datos de 

fiabilidad intrasesión, 1.13% de CV y 0.98 de ICC, considerados aceptables. En relación 
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al criterio de validez, no hubo diferencias significativas (p<0.05; ES=0.06, considerado 

trivial), una correlación “perfecta” (Pearson) (r=0.98; p<0.05) y una fuerte concordancia 

(R2=0.046; p<0.01) fueron obtenidas entre los instrumentos MOB y MOCAP. Los 

hallazgos encontrados mostraron un test (HT) específico, usando instrumentos 

económicos, y aplicable a cualquier campo de fútbol (usando las líneas reglamentarias 

de los campos), todo ello respaldado por los criterios de fiabilidad, validez y utilidad. 
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CHAPTER 1: THEORETICAL FRAMEWORK 
 

SOCCER SCIENCE 

Soccer has been the most popular sport worldwide in the last century. There are 

currently about 200 million players (Dvorak et al., 2004) who practice this sport. The 

ever-increasing number of active players, leading in turn to an increase in performance 

with resultant cost assessment instruments and production of research about 

performance improvement, makes evident the need for progressive performance 

programs. In recent years, there has been a notable increase of sports science research, 

perhaps, because of popular demand.  

The sports sciences area can be considered both an academic discipline and a 

professional practice applied to soccer (Reilly & Mark, 2003). The discipline of soccer 

science is multifaceted and multidisciplinary, so it requires input from a variety of areas 

and from a range of specialists. Soccer science studies the application of scientific 

principles and techniques with the aim of improving soccer performance (Strudwick, 

2016). The growth of sports science has supported the performance of soccer players, 

and as a consequence, research on performance improvement has been applied to 

competition matches. This thesis aims to design soccer-specific tests and and promote 

easy-to-measure protocols. 

This research focuses on biomechanical and neuromuscular aspects related to 

two soccer-specific movements: curve sprinting and heading. Each of these two skills 

plays a decisive role during competition due to their likely effect on match outcomes. 

Research from other labs has shown that running in a non-linear path necessitates 

technical alterations from those of straight-line running  (Brice, Smith, & Dyson, 2008). 

In addition, we can also apply our knowledge of biomechanics to skills which are more 
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soccer-specific than sprinting and change of direction (COD), such as heading ability. 

Heading is an essential skill; more than 20% of the goals socored during the 2002 

World Cup in Japan and South Korea were header goals. The specificity of research in 

sports science is booming; describing and analyzing two soccer-specific movements 

which can be decisive during competition could help strength and conditioning 

professionals in designing proper programs to improve soccer-specific performance. 

SOCCER DEMANDS 

Soccer is a predominantly aerobic sport, interspersed with frequent bouts of 

high-speed movement (Bangsbo, 1994). Each player position has different demands 

during the competition, requiring different skills, movements, and profiles. Soccer 

coaches should be focused on the specific physical and physiological requirements of 

the playing positions in order to optimize their training prescription (Suarez Moreno-

Arrones et al., 2015). Specifically, soccer is an intense, intermittent sport in which 

players run between 8-12 kilometers each game, of which 8-12% consists of high 

intensity or sprint actions (Rampini et al., 2007) (Haugen et al., 2013). In fact, top-class 

players perform more high intensity actions than moderate category players during 

competition (Mohr, Krustrup, & Bangsbo, 2003). 

 In this sense, high intensity actions are non-cyclical and depend on the tactical 

situations of the game. The non-cyclical changes observed in the activity of players are 

unpredictable and include changes in intensity, direction (turning and discrete cutting 

maneuvers), and mode of movement (Drust, Reilly, & Rienzi, 1998). Superimposed on 

this activity profile are actions that are directly related to involvement in the game; these 

include technical movements such as kicking, throwing, dribbling and heading the ball, 

and physical challenges with opponents to contest possession (Bangsbo, Mohr, & 
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Krustrup, 2006).  

 Regarding the sprint actions, a study showed that sprints cover 6.5% of the total 

covered distance (Mohr, Krustrup, & Bangsbo, 2003), and that between 83% and 88% 

of the sprints are performed in a curved trajectory in most player positions (Caldbeck, 

2019). Moreover, it’s known that elite players have better performance in sprints (10, 

20, 30, and 40 meters) compared to those in lower divisions (Haugen et al., 2013), that 

the duration of these sprints range from 2 to 4 seconds, and that the distances are, in 

general, less than 20 meters per sprint. 

In reference to heading, observational studies have reported that a certain 

professional level player can head the ball an average of 6-12 times per game (Reilly, 

1976). Other authors (Mohr, Krustrup, & Bangsbo, 2003) reported that the total number 

of headers and tackles performed during a game was 15±2 and 20±2, respectively. In 

addition, in the First Division Spanish League during the 2017/2018 season, more than 

30% of goals were scored by headers. Due to all the data mentioned above, we 

considered that both curve sprinting and heading are two crucial skills with significant 

impact on the competition, which should be trained/ assessed independently to other 

similar movements.  

HIGH INTENSITY ACTIONS ASSESSMENT IN SOCCER PLAYERS 

In recent years, the assessment of players’ physical fitness is a major part of the 

sports science activity and physical fitness testing is typically conducted several times 

per year to evaluate different physical qualities (e.g. aerobic fitness, speed, agility, and 

strength and power), which are to some degree thought to be related to physical 

performance during match play (Mendez-Villanueva & Buchheit , 2013). 
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Like training, assessment of the abilities or qualities in soccer players must be 

specific. Similarly, it is crucial to use laboratory or field performance tests which satisfy 

the main criteria whereby changes in the test results are directly related to changes in 

competitive performance. Data, which are generated with test, need to be meaningful 

and should affect soccer performance directly. Understanding the specific requirements 

of each soccer position has implications for designing position-specific training 

programs regarding conditioning, strength, agility, power, and speed development.  

This thesis explores two previously unstudied, soccer-specific variables in order 

to aim the following: 1. Provide objective information on the effect of training 

programs, 2. Improve understanding of soccer requirements, 3. Obtain data according to 

the soccer context (curve sprinting and heading skill). This needed analysis process 

should involve performance analyses of soccer during match play along with the 

selection of appropriate tests of physical capacity. Doing so should assist with 

developing individualized training programs in order to meet the specific demands of 

the sport (Joyce & Lewindon, 2014). We have additionally collaborated with Liverpool 

John Moore University researchers who analyze matches and the specific requirements 

of soccer. Specifically, they have shown that a large percentage of sprints are performed 

in a curved path, which further supports our selection of soccer-specific skills testing 

(Caldbeck, 2019). 

 Many the so-called “soccer-specific fitness tests” have been developed in recent 

years, connected with the specific requirements of the sport. It is a well-known fact that 

measuring the performance of the soccer player offers, in most cases, useful 

information, but it is also very important that the test results obtained add value to 

performance and not only confirm the evidence (Mendez-Villanueva & Buchheit , 
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2013). Generally, we can consider as “specific” test to the one which offers information 

about strength, endurance, agility, or another quality in a specific movement of the 

sport.  

The “soccer-specific fitness test” requires reliability, validity, and, less 

measurable but more crucial, applicability (degree of difficulty to obtain the information 

and degree of utility). In this sense, the application of more rigorous methods for the 

development and validation of performance tests would improve the quality of sports 

science research and professional practice, obtaining relevant information about the 

soccer player (Impellizzeri & Marcora, 2009). Mendez-Villanueva and Buchheit (2013) 

suggested that the relationships between “soccer-specific fitness tests” and the ability of 

the data to directly inform training programs or performance potential seems of vital 

importance (Mendez-Villanueva & Buchheit, 2013).  

With respect to the assessment of a player’s locomotive profile, the reality is 

that, in most cases, coaches already know who the fastest players are. Thus, in most 

cases, a 5-meter sprint test would just confirm something that was already evident to the 

coaching staff (Mendez-Villanueva & Buchheit, 2013). However, in the present thesis 

the tests designed aim to clarify and offer more useful information. In curve sprint test, 

differences between the “good” and “weak” sides will provide information to the staff 

for the design of adapted training programs. Additionally, the heading test will offer 

information about whether the training programs carried out have had effect on real and 

authentic abilities. In fact, it would be unrealistic to measure the countermovement 

jump (CMJ) in order to know if the training program produces improvements on the 

soccer-specific jump, as there is no relation between CMJ and heading ability (Requena, 

et al., 2012). 
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Méndez-Villanueva and Buchheit (2013) concluded by saying that “excessive 

reliance on soccer-specific fitness tests can easily end up with sports scientists playing a 

limited role of “evidence providers,” rather than substantially impacting players’ and 

teams’ performances. They believe that soccer sports scientists working in professional 

settings should not (only) test to confirm evidence, but also try to implement testing 

aimed at improving the profiling of players’ physical and physiological capacity, which, 

in turn, is more likely to impact soccer-specific movement patterns and ultimately, 

competitive performance”. In other words, when sports scientists validate a test, in 

addition to offering reliable and valid data, they should also offer guidelines to improve 

the test/ability assessed. In fact, one of the objectives of this thesis is to describe the 

kinematic, kinetic, and neuromuscular aspects which provide us with some clues to 

guide training programs. 

Unfortunately, the relationship between test results and competition performance 

has not been analyzed properly, so it is uncertain how a change in test performance 

translates into a change in performance during an event (Joyce & Lewindon, 2014). We 

aim to measure actions which are carried out in the competition with a high frequency 

and can be decisive in the game, that is, in the outcome of the match. We cannot 

guarantee that an improvement in the designed tests (curve sprinting and heading) will 

translate into match wins, but we can guarantee that improving these skills (best result 

of the test) will increase the potential success during a match-play. 

LINEAR / NON-LINEAR SPRINTING ASSESSMENT IN SOCCER 

Although sprinting reflects a relatively small amount of the work performed, 

observationally, it is frequently incorporated in the most decisive actions of a match and 

is therefore of paramount importance. The ability to accelerate or achieve the maximum 
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speed, that is to say, the sprint test, is a typical assessment measured in the soccer 

community (Loturco, et al., 2016;  Krommes et al., 2017; Hammami et al., 2018).  Most 

research uses linear sprinting as a performance measurement, recording times at 10, 20, 

and 30 meters. The purpose of these measurements is to record partial times and obtain 

acceleration and maximum speed data (more than 40 or 50 meters).  

As most sprints during a soccer game have been shown to happen over distances 

inferior to 10 meters (Di Salvo, Baron , Gonzalez-Haro, Gormasz, Pigozzi, & Bachl, 

2010), 5 to 10 meter sprints are considered extremely soccer-specific speed tests. This 

suggests that measuring linear sprints at a distance greater than 20 meters is not a 

specific measurement for this sport. Thus, although the maximal sprint speed (MSS) is 

usually used for maximizing training prescription  (Buchheit & Laursen, 2013), this 

variable can be used in addition to anaerobic speed reserve (ASR). 

 Sprint ability influences not only linear trajectories, but a wide spectrum of 

multi-directional movements. In fact, non-linear sprint performance can differentiate 

professional soccer players from young players (Cardoso de Araújo, Baumgart, 

Freiwald, & Hoppe, 2018). To date, there are numerous studies that have examined the 

relationship between linear and non-linear sprint performance. One study did not find a 

significant correlation between linear and non-linear sprint performance in professional 

soccer players (Wisloff et al., 2004;  Sheppard & Young, 2006; Cardoso de Araújo et 

al., 2018). However, one of the major limitations associated with many COD tests is 

that they tend to feature a relatively large amount of linear sprinting, which has a 

substantial influence on the total time for the assessment (Nimphius et al., 2017). 

Overall, these results suggest that linear and non-linear sprint performance are 

independent physical capacities, and each variable needs a different assessment.  
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Lockie et al. (2013) presented a detailed description of the tests used to asses 

non-linear sprint or COD across a variety of populations (e.g., 505, modified 505, Pro-

agility shuttle, T test, Illinois agility run, L-run). Each test varies in length, number and 

angles of directional changes, and modes of travel. Therefore, it can be difficult to 

compare results from different tests as they can often place distinct demands on various 

combinations of physical capacities (Nimphius et al., 2017). In addition, different COD 

tests may require different magnitudes of physical requirements (e.g., eccentric versus 

isometric versus concentric strength) or technical requirements (e.g., curvilinear running 

patterns for maintaining velocity, termed maneuverability, or COD that requires rapid 

deceleration)  (Joyce & Lewindon, 2014).  

Despite the large number of linear and COD sprint tests used in the soccer 

science community, the greatest number of sprint actions are performed in curved path 

Caldbeck (2019). This suggests that a linear or COD sprint test adapted to the demands 

of the players (e.g., what do they perform during the match?) would help to detect the 

real physical conditions of the soccer player and their weaknesses or specific 

requirements. Lastly, for each sprint type, a specific performance test is required and 

standardized procedures as well as accurate equipment should be taken into account.  

VERTICAL JUMPING ASSESSMENT IN SOCCER  

First, a large number of the technical movements in soccer involve multi-planar 

movements performed in a single-limb stance (e.g., passing, receiving, shooting and 

heading). However, to our knowledge no specific study has been reviewed describing 

how the soccer players jump during the match. Further study investigating this item is 

required because this information will allow the design of more specific jump tests. In 

agreement with the specific literature, the capacity of a soccer player to jump has been 
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tested using several jump techniques (Wisloff, Castagna, Helgerud, Jones, & Hoff, 

2004; Kristensen, 2002; Kristensen, 2004; Rodríguez-Rossel, Mora-Custodio, Franco-

Márquez, Yáñez-García, & González-Badillo, 2017). These techniques can be divided 

in two categories: jump tests with preparatory steps before the jump (denominated 

approach or run-up jump tests) or jumps without preparatory steps (denominated 

standing jumps). Standing jumps also may be classified as vertical jumps (VJs) or 

horizontal jumps (HJs). 

Descriptive studies have shown that during a soccer match, a given player 

performs a soccer-specific vertical jump approximately 15 times (Bueno, 2010). 

Prioritization of testing in soccer is placed on the lower extremity, with emphasis on 

characterizing the components of athleticism: strength and power. In referring to the 

jump specific to soccer, the performance variable most relevant is the height (cm). The 

maximal vertical jumping height is influenced by several biomechanical and 

physiological factors.  

It is typical that the jumping height is calculated indirectly by flight time and 

with easy-to-use instruments, for example, a simple smartphone (Balsalobre-Fernández, 

Glaister, & Lockey, 2015). In this sense, the calculation of vertical jump height with 

flight time methods have achieved the criteria of reliability and validity (Balsalobre-

Fernández, Glaister, & Lockey, 2015), although some authors concluded that the flight 

time method cannot replace the gold standard instrument, due to the large systematic 

bias (Attia, Dhahbi, Chaouachi, Padulo, Wong, & Chamari, 2017). In either case, 

knowing the vertical jump height in soccer players is extremely widespread. 

Knowing the importance of jumping in soccer, the main aims of the vertical 

jump height assessment are the following: a) examine training effect, b) evaluate an 
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athlete’s ability or readiness to compete, c) evaluate an athlete during and returning 

from rehabilitation, and d) exercise prescription and identification of potential 

weaknesses. In the specific case of the CMJ, the vertical jump height loss is used as an 

indicator of fatigue during sprint training (Jiménez-Pérez et al., 2018).  

The results of the Requena et al. (2012) study indicated that strength and 

conditioning professionals who work with elite male soccer players may find the 

soccer-specific vertical jump test (heading test) proposed in this study to be a reliable 

and more meaningful performance test than traditional standing vertical jump tests, or at 

the very least be a valuable part of a battery of tests which are used to assess overall leg 

power of soccer players. There are indications to believe that heading ability and 

standardized jumps are completely independent variables. This thesis aims to clarify the 

biomechanical differences between a vertical jump test (without ball presence) and a 

heading test (ball presence).  

The present thesis aims to design a heading test, analyze what biomechanical 

differences exist between jumping with versus without a ball present, and obtain valid 

and reliable data from a heading test using a smartphone as the measuring instrument. 

CURVE SPRINTING 

The nature of the game may elicit some proportion of time to performing non-

linear motion; however, most time-motion analyses consider COD and not curve 

sprinting. First, we can define curve sprinting as a sprint with gradual and continuous 

COD, while cutting maneuvers (the typical COD measurements) are “discrete”. Unlike 

a discrete COD, a curve sprint contains no abrupt deceleration movement and, unlike a 

linear sprint, each leg plays a different role.  
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In contrast to the linear sprint and COD, sprinting along a curved path has 

attracted little attention in sports sciences, although its proportion accounts for up to 83-

88% of total sprinting in some player positions during a given match (Caldbeck, 2019). 

The mentioned study shows that all players except the goalkeeper complete sprint 

curves during matches. Despite being a frequent movement during games, it is not yet 

categorized within the soccer science community. 

 Regarding the characteristic of curve sprinting, some authors showed that curve 

movements occur most often in a radius of 3.5-11 meters and are dependent upon 

movement velocity (Brice, Smith, & Dyson, 2004). Soccer players use curve sprinting 

to avoid offside positions, and it is an important skill to develop which can be used to 

evade, track, or draw in an opponent. The need to ascertain greater understanding of the 

execution of curvilinear motion and to identify factors underlying the performance is 

essential to enhance knowledge and improve techniques. 

The ability to perform and maintain curved motion is essential to performance in 

soccer matches due to the requirements of the game. The generation of centripetal force, 

which coincides at the center of the curve, causes different kinematic, kinetic, and 

neuromuscular behaviors than in linear and most discrete COD displacements. 

Kinematic and neuromuscular analysis will improve the understanding and knowledge 

of performance of curvilinear motion during soccer-match play. 

HEADING SKILL 

During this project, we do research into another specific skill: heading. The act 

of heading a ball is an important ability within soccer, whether for defensive clearances 

or direct attempts at scoring a goal. During the 2017/2018 season in the First Division 

Spanish League, more than 30% of goals were scored by heading, and during the Japan 
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and Korea FIFA World Cup in 2002, more than 20% of the goals were header goals. So, 

we can conclude that heading is a typical and determinant skill during soccer matches.  

Most of the past research on heading has focused on the risk of head/brain injury 

(Prien et al., 2018) or the effect of ball impact on the brain (Shewchenko et al., 2005). 

We are going to focus on the relationship among the biomechanical variables related to 

performance and assessment of the heading skill. Marcolin and Petrone (2006) 

identified the maximum effective head elevation by the player as it relates to increases 

in ball speed and correct ball angles, each of which are determining factors in scoring 

goals. In this regard, if we want to improve performance in heading skill, we should 

focus on vertical jump height during heading (Marcolin & Petrone, 2006).  

Regarding the jump type, most studies assess standardized jumps such as CMJ, 

squat jump (SJ), or drop jump (DJ) in order to obtain vertical jump height. A previous 

study (Requena et al., 2012) showed a weak relationship between a traditional vertical 

jump test and a heading test in professional soccer players. They justified the data based 

on the strength and biomechanical requirements of heading with respect to other 

traditional jumps. These authors indicated that strength and conditioning professionals 

should assess heading tests in professional soccer players, due to differences with other 

traditional jumps. As a result, in order to calculate soccer-specific jump performance, it 

is necessary to use a specific heading test, not just any type of jump test.  

 Therefore, the strength and conditioning professional community needs a valid 

and reliable soccer-specific jump test which allow them to obtain performance data with 

easy-to-use instruments. 
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MAIN AIMS OF THE THESIS   

Considering the above, the main aims of this thesis were: 

- Chapter 2: (a) to assess the reliability of a new curvilinear sprint test for soccer 

players, and (b) to compare curved sprints with linear sprints using the penalty 

arc of a soccer field as the “standard measure”. 

- Chapter 3: to analyze the neuromuscular and kinematic behavior of the lower 

limb in soccer players during a specific curve sprint on both sides (right and 

left). 

- Chapter 4: to assess the biomechanical differences between run-ups vertical 

jumping with a ball (Heading test) and without a ball. 

- Chapter 5: (a) to analyze the validity of using the camera of the smartphone and 

easy-to-use analysis video software (i.e., Kinovea 0.8.15) to obtain the jump 

height and (b) to analyze intra-session HT reliability.  
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CHAPTER 2: NEW CURVE SPRINT TEST FOR SOCCER PLAYERS: 

RELIABILITY AND RELATIONSHIP WITH LINEAR SPRINT 

 

RESUMEN 

En el rendimiento en esprín no solo están involucrados los esprines lineales, sino 

también existe un amplio espectro de movimientos multidireccionales, como el esprín 

en curva. El esprín en curva se puede definir como esprín con un cambio de dirección 

(COD) continuo durante todo el recorrido. Aunque el ~85% de las acciones realizadas a 

máxima velocidad en la liga de fútbol profesional inglesa son esprines curvilíneos, no 

hay ninguna prueba específica para medir esta habilidad. El objetivo de este estudio fue 

analizar la fiabilidad de un nuevo test de esprín en curva y relacionar los resultados con 

los obtenidos en esprín lineal por los mismos jugadores de fútbol. Cuarenta jugadores 

de fútbol semi-profesionales realizaron 3 repeticiones de esprín en curva (usando el arco 

del área) hacia el lado derecho e izquierdo (17m), y 3 esprines lineales (17m) en dos 

días diferentes. El coeficiente de correlación intraclase (ICC) (fiabilidad inter-sesión) 

fue de 0,93 para el lado derecho del esprín en curva (CSRS) y 0,89 para el lado 

izquierdo (CSLS), considerados “aceptables”. Los CV (fiabilidad intrasesión) fueron 

0.87% en CSRS y 1.15% en CSLS. El coeficiente de determinación (R2) entre el esprín 

lineal y curvo fue de ~35%. La asociación entre ambos lados de la curva fue “muy 

grande” (r=0.878; p<0.01). En resumen, mostramos que el test de esprín en curva es 

altamente fiable, y que los esprines curvilíneos y lineales son acciones independientes y 

diferentes. 

Palabras claves: rendimiento en esprín no lineal, medición, jugador de fútbol semi-

profesional. 
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ABSTRACT 

The speed performance is involved not only in linear sprints, but also in a wide 

spectrum of multi-directional movements, such as curve sprinting. Curved sprint can be 

defined as sprint with gradual and continuous change of direction (COD). Although 

~85% of the actions performed at maximum velocity in a professional soccer league are 

curvilinear sprints, there is not any specific test to assess this ability. This study aimed 

to analyze the reliability of a new curve sprint test, and compare its results with those 

obtained by soccer players in linear sprint. Forty experienced soccer players performed 

3 attempts of curve sprint (using the penalty arc) to right and left side (17m), and 3 

linear sprints (17m) in two different days. The ICCs (inter-session reliability) were 0.93 

for sprint curve right side (CSRS) and 0.89 for sprint curve left side (CSLS), considered 

“acceptable”. The CVs (intra-session reliability) were 0.87% in CSRS and 1.15% in 

CSLS. The coefficient of determination (R2) between linear and curve sprinting was 

~35%. The association between curve sides was “very large” (r=0.878; p < 0.01). In 

summary, we showed that “curve sprint test” is highly reliable, and that curvilinear and 

linear sprints are different and independent actions. 

Key words: non-linear sprint performance, assessment, semi-professional soccer player 
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INTRODUCTION 

Soccer is characterized as an intermittent team-sport in which high-intensity 

activities (e.g., maximum sprints) are regularly intertwined with actions of low and 

moderate intensities (e.g., walking and jogging) (1, 19, 27). Importantly, the number of 

high-intensity running efforts per game has progressively increased across the years (3), 

more specifically during decisive match situations (18, 26). This reveals the critical 

importance of speed-related capabilities for soccer performance, especially because 

multiple and successive accelerations are frequently observed during official games (4, 

27).  In addition, it is known that professional players have better performance in sprints 

during matches (10, 20, 30, and 40 meters) than their less specialized counterparts (6), 

but the duration of these sprints during matches range from 2 to 4 seconds with 

respective distances lesser than 20 meters (3).  

In elite soccer, the acceleration capacity is involved not solely in linear sprints, 

but also in a wide spectrum of complex and multidirectional motor-tasks (e.g., nonlinear 

sprints). Accordingly, the “nonlinear sprint performance” appears to be able to 

differentiate between professional and young soccer players (10). In this regard, it has 

been consistently shown that soccer players execute hundreds of directional changes 

throughout the game, with many of these actions being characterized by their less 

aggressive cutting turns and smoother angles (an arc) (e.g., ≤ 15°) (4). Of note, 

approximately 85% of the maneuvers performed at maximum velocity in a professional 

soccer league consist of curvilinear sprints (i.e., curve sprints), which may be defined as 

the upright running portion of the sprint completed with the presence of some degree of 

curvature (9). Nonetheless, despite their critical importance, curve sprints have been 

largely overlooked by coaches and sport scientists.  

 From a general perspective, curvilinear motion regularly occurs in soccer (4, 9), 
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regardless of playing position (except for goalkeepers), typically within a radius ranging 

from 3.5 to 11 m (7). For obvious reasons, curve sprint technique presents singular and 

unique kinetic and kinematic features (13). For example, when compared to maximum 

linear sprints, the velocity achieved during curvilinear trajectories is usually lower in 

sprinters, which significantly affects the neuromechanical demands and requirements 

during these actions (12, 13). Furthermore, since acceleration and speed increase with 

“trunk rotation” over curvilinear trajectories, meaningful biomechanical differences 

between curve and linear sprint techniques may be expected (12, 13, 14). As such, 

maximum linear and nonlinear sprint performances possibly embody different physical 

and technical capabilities and, consequently, should be independently assessed and 

trained. 

There are many validated change of direction (COD) assessments and their 

relationships with other measurements such as linear sprint tests are well established 

and confirmed in soccer (5). Curvilinear displacements have also been assessed in 

soccer players (29, 30), but only at submaximal speeds (e.g., jogging). Measuring speed 

and acceleration during curved sprints would be interesting and critical to understand 

the determinants of performance in these actions, which are frequent and decisive in 

soccer matches. Therefore, the objectives of this study were to: (a) test the reliability of 

a new curvilinear sprint test for soccer players, and (b) compare curved sprints with 

linear sprints, considering their mechanical demands, and using the penalty arc of a 

soccer field as the “standard measure”. We hypothesized that best performances in 

linear sprint tests would not be necessarily associated with best performances in 

curvilinear sprints. Furthermore, we expected that the new “curve sprint test” would 

meet the reliability criteria. 

 



 
 

 55 

METHODOLOGY  

Participants 

Forty experienced soccer players (age: 22 ± 3.32years; height: 177 ± 4.81cm; 

mass: 73.2 ± 6.2kg) from a semi-professional Spanish League were recruited for this 

study. All subjects had more than 15 years of soccer experience and were semi-

professional players in the Second B and Third Division Spanish League. Inclusion 

criteria were: train four times a week, not having medical contraindications for the tests, 

and have availability to carry out them. The methodology used was approved by the 

Football Science Institute Ethics Committee and conformed to the policy statement with 

respect to the Declaration of Helsinki. All subjects were informed of the risks and 

benefits of the procedure and signed an informed consent for participation in the study. 

 

Test Setup 

Procedure 

 48h after a familiarization session with the test (28), subjects participated in two 

test sessions to assess the reliability of the data, with 48 hours between sessions (25, 

28). Soccer players attended three experimental sessions (one familiarization and two 

identical testing sessions). The players first performed the linear sprint test and then, the 

curve sprint test. The only instructions before curve sprint test were: 1. Start the sprint 

from behind start line (1 m distance to the first timing gate set), 2. Follow the arc line of 

the area as a guiding line, 3. If you do not sprint on the guiding line, the test will not be 

considered valid and 4. After receiving the go ahead, you can start when you're ready. 

During data collection, three sets of timing gates were used over 17 m. This enables 

split times to be measured for 8.5 m and 17 m sprints. All the players recovered the 

same time between each sprint. Each of the repetition times was measured by a 
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photoelectric cell system (Microgate Witty, Italy) set at 90 cm height all timing gates in 

both sides.  

 

Setup 

Prior to data collection in the first testing session, each subject’s age, height and 

body mass were recorded. The warm-up exercises were: 5 min of jogging at a self-

selected pace followed by a series of dynamic warm-up drills and three practice sub-

maximal trials for linear and curve sprints. Subjects completed 2 different tests within a 

session: the 17 m linear sprint and curve sprint. All tests were performed under similar 

environmental conditions (13-16ºC, and 35-39% of relative humidity), on artificial grass 

and executed them in a random order that was maintained across the two sessions. 

 The trial was considered “successful” when the subject ran on the guideline (arc 

of the area). All the trials were recorded for analysis. The subjects performed 

successfully three times each test (the average of the three attempts was recorded), with 

a total of nine tests with three minutes of recovery between each one and a minute and 

thirty seconds between sets: 3 x linear sprint  + 3 x right curve sprint + 3 x left curve 

sprint. 

 Linear Sprint Test. Running speed was evaluated using 17 m sprint times (0-

17m) (standing start) with 8.5m split times. The front foot was placed 1 m before the 

first timing gate in split standing start (17).   

 Curve Sprint Test. The trajectory used to measure the sprint in curve was the arc 

of the area (regulation soccer field), which has the following characteristics (Figure 1 

and figure 2): 

• Radius (from the penalty spot): 9.15 m. 

• Distance from initial point to final point of the curve in a straight line: 14.6 m. 
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• Amplitude of the angle from the point of penalty spot: 105.84º 

• Total distance of the sprint curve: 17 m (obtained through basic trigonometric 

analysis). 

Figure 1. Characteristics of the area to measure the sprint in curve. 

Figure 2. Characteristics of the area to measure the sprint in curve and player 

performing the test in reverse. 
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 Running curve speed was evaluated by 17 m sprint times (0-17 m) (standing 

start) with 8.5 m (0-8.5 m) split time. The front foot was placed 1 m before the first 

timing gate and following the line of the arch of the area. Both sides were measured 

(left and right). According to the mean time spent for the 3 trials for each side, we 

considered the slowest as the “weak” side, and the fastest as the “good” side. 

 

Statistical analyses 

The statistical analysis was performed using the SPSS 17.0 (SPSS, Chicago, IL). 

Descriptive statistics are expressed as mean ± standard deviations (SD), in addition to 

95% confidence limits (95% CL). The normality of the data distribution was checked 

using the Kolmogorov-Smirnov test.  

For the relative reliability analysis, intra-class correlation coefficients (ICC) 

were used. An ICC equal to or above 0.7 was considered acceptable (2). Inter-session 

reliability was determined, using the best successfully (previously defined) data from 

each day and each variable obtained (8.5m CSLS, CSRS and linear, and 17m CSLS, 

CSRS, and linear), via ICCs and two other separate measures (28).  

Absolute reliability is the degree to which repeated measurements vary for 

individuals and the spreadsheet of Hopkins (2000) (21) was used to determine the 

typical error (TE) (s), expressed as a coefficient of variation (CV, %) (23). A CV of less 

than 5% was set as the criterion for reliability.  

 Association between variables to determine the relationships between curve 

sprint speed (in both weak and good sides) and linear sprint speed, to help coaches and 

sport scientists estimate the extent of variation in straight sprint performance to a given 

variation in curvilinear sprint performance (i.e., shared variance). Total variance was 

reported by the coefficient of determination (R2) and the respective level of significance 
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(p < 0.05). Additionally, a Pearson product moment correlation coefficient was used to 

test the correlation between “weak” and “good” curve sprint performances, which was 

classified according to the criteria defined by Hopkins et al. (22).  The level of 

significance was set at p < 0.05. 

 

RESULTS  

 Table 1 presents the descriptive data of both session 1 and session 2, which also 

shows data about relative reliability statistics (mean, 95% confidence limit, p value and 

ICC). In terms of relative reliability of different sprint test, the ICC of each test was 

greater than 0.7, specifically 0.93 sprint curve right side (CSRS) and 0.89 sprint curve 

left side (CSLS), considered “acceptable”. There were no significant differences 

between the most of test attempts. However, there were statistical differences between 

session 1 and 2 in the CSRS (17m) and CSLS (8.5m). The effect size (ES) showed a 

“small effect” in both conditions and “non-effect” for the rest of the tests (16, 20).  

Table 1 shows the data related to the absolute reliability of the different tests. 

Descriptive data of the two testing sessions and the TE values expressed as %CV 

calculated from two consecutive sessions are presented in Table 1. The mean CV was 

calculated from both the testing sessions 1 and 2. The CV of each test was less than 5%, 

specifically 0.87% in CSRS (17m) and 1.15% in CSLS (17m). The data presented in 

table 1 confirm the reliability of the test (reproducibility and temporary changes).  
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The coefficients of determination reveal that curve sprinting (in both good and 

weak sides) and linear sprinting performances are separate and specific physical 

capabilities in experienced soccer players (34 and 37% of shared variance, respectively) 

(table 2). This indicates that players who ran faster in linear sprints were not necessarily 

faster in curvilinear trajectories.  

 

Table 2: Coefficient of determination (R2) (p ≤ 0.05) was used to calculate the 

proportion of the curve sprint variance explained by the linear sprint. 

  Sprint curve “good” 

side (17m) 

Sprint curve “weak” 

side (17m) 

Sprint curve “weak” 

side (17m) 

R2 .77  

p < .001†  

Linear sprint (17m) R2 .34 .37 

p < .001† < .001† 

†Significant (p ≤ 0.01) variance explained. 

In contrast, a positive and “very large” (r = 0.88) (22) correlation was found 

between the curve sprint performances obtained in both “weak” and “good” sides; 

therefore, athletes who were faster to sprint to “one side” were equally able to sprint 

faster to “the other side” (table 3). 
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Table 3: Pearson’s correlation and coefficient of determination (p ≤ 0.05) were used to 

define relationship between “good/weak” sprint curve.  

  Sprint curve “good” 

side (17m) 

 

Sprint curve “weak” 

side (17m) 

r .878 

R2 .77 

p < .001† 

†Significant (p ≤ 0.01) relationship between variables. 

 

DISCUSSION  

  The main findings of this study were (a) reliability criteria of a universally 

standardized curve sprint test (that uses the 9.15 radius penalty arc as a “guide-line”) 

were confirmed in experienced soccer players, and (b) performance in this curve sprint 

test showed limited relationship with performance in a same length lineal sprint, which 

suggest that curve and straight sprinting abilities are different physical qualities.  

 

Relative and absolute reliability 

Previous research has found good reliability for measures of linear sprint and 

COD speed, reporting acceptable ICCs (>0.7) and CVs (<5%) in both linear sprint and 

COD tests (24). In the present study, ICCs for the sprint CSRS and CSLS (17 m) tests 

were 0.93 and 0.89, respectively), indicating higher levels of relative reliability. 

Moreover, a small TE, expressed as %CV of 0.87% and 1.15% (for CSRS and CSLS, 

respectively also shows higher absolute reliability. Interestingly, those values are quite 
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similar than those reported in other studies regarding linear sprint assessments (CV 

~0.9%) (23).  

Although it is first curved test is used and its comparison with other studies is 

difficult, intermediate reliability results between COD and linear sprint could be 

expected, since the curved path could imply a neuromuscular pattern less remote from 

the linear sprint, compared to the COD. However, it doesn’t happen. Most of the 

nonlinear sprint trajectories in a soccer match are curved (9) with small radius (from 3.5 

to 11 m) (8) and less than 20m long (3). So, the specificity of our test (9.15 m radius, 17 

m length) could be responsible, at least in part, for this similarity of values with those of 

the linear sprint. 

 

Relationship with linear sprint performance 

Comparing the linear relationship between curvilinear and linear sprints, shared 

variances between these capabilities were 34% and 37% for “good” and “weak” side, 

respectively. This indicates that straight sprint can explain only a very limited 

variability of curve sprint (i.e., ~ 35%) and also confirms the hypothesis that faster 

soccer players in straight sprints are not necessarily faster in curvilinear trajectories. 

Previous research demonstrated the specificity of linear sprinting when compared to 

COD speed, describing moderate associations (r = 0.35) between 10 m sprint and 

Zigzag test (i.e., a 20 m COD test consisting of 3 turns at 100°) (24), and also “low” and 

“moderate” correlations between linear sprint and different COD tests (11). In the same 

way that these studies have led to the development of specific COD training, our results 

suggest that curve and lineal sprint should be assessed and (probably) trained as 

separate physical qualities, since they are different functional skills 

 

Lastly, our results showed a “very large” (r = 0.878) correlation between the 
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curve sprint performance obtained by the subjects in both “good” and “weak” sides 

(table 2), revealing that soccer players who run faster to one side (e.g., to the right side) 

possibly run fast to the other side (e.g., to the left side). Initially, it would make sense to 

expect differences between both sides due to the specialization of each player based on 

their position on the pitch. However, in the analyzed team there was a similar 

proportion of left and right side midfielders, wingers and full-backs (heterogeneous 

sample), and the present study did not analyze categorizing by player’s position, which 

was the main limitation of this study. Future studies are necessary to know if within the 

same player’s position there is relationship between “good” and “weak” side curve 

sprint performance. 

Other relevant data regarding linear sprint 

  Another relevant data was the average of each variable. It has been reported 

lower speed in curve sprints than in linear sprints regardless of radii (1, 2, 3, 4 and 6 m) 

in sprinters (15). Briefly, when the radius decreases, the sprint performance tends to 

decrease. Likewise, Churchill et al. (2015) observed higher velocities in linear sprints 

than in curve sprint in track and field athletes. Curiously, for the first time, we recorded 

higher speeds during curvilinear than linear trajectories in 27 of 40 subjects, specifically 

when considering the “good side” measurement result within a distance of 17 m and a 

radius of 9.15 m (i.e., testing data: sprint curve “good” side = 2.5 s, linear sprint = 

2.55s, and sprint curve “weak” side = 2.63s). This on the one hand suggests again the 

need to investigate the influence of player’s position on “good” and “weak” sides 

performance, and on the other suggests that these differences regarding Churchill et al. 

study (12) (with a sample of track and field athletes) could be partially due to the 

specificity of the test, since this curvilinear motion regularly occur more than linear in 

soccer (4, 9). Anyway, our limited sample (40 experienced players) prevents us from 
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understanding our results as reference values and requires further studies to confirm 

these results.  

  In summary, the coefficients of determination indicated that curve and linear 

sprint performances have a limited explained variance of ~ 35%, in both “good” and 

“weak” sides, in experienced soccer players. This suggests that curve and straight 

sprinting abilities are different physical qualities and, consequently, should be assessed 

and trained in isolated conditions. As the number of maximum curve sprints throughout 

soccer games seems to be influenced by matching demands (4, 9), additional studies 

should be conducted to examine the differences in performance between distinct playing 

positions. Finally, due to the importance of curvilinear sprint performance in 

professional soccer, further studies are required to test the effectiveness of different 

training strategies in improving this ability in elite soccer players.  

 

CONCLUSION 

The proposed “curve sprint test” is a specific soccer speed measurement, 

performed in the arc of the area, within a radius of 9.15 m (official FIFA radius) and a 

distance of 17 m. The data reported herein confirm that, when executed under these 

standardized parameters, this universally standardized test can provide a very precise 

and reliable measure of curvilinear sprint performance. As curve sprinting is an 

essential and decisive action during soccer games and possess a limited relationship 

with linear sprinting speed (i.e., ~35% of shared variance), and taking into account that 

the radius and length of the sprints vary in the real competition (which makes difficult a 

complete transfer of curve test performance to the competition performance), strength 

and conditioning coaches and sport scientists are encouraged to assess and train this 

capability in a separate way. These findings open new lines of research regarding the 
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biomechanical (e.g., kinematic and kinetic factors), physiological and neuromuscular 

characteristics of maximal curvilinear sprinting actions in soccer players from different 

levels, genders and age-categories.  
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CHAPTER 3: CURVE SPRINTING IN SOCCER: KINEMATIC AND 

NEUROMUSCULAR ANALYSIS 

 

RESUMEN 

Esprintar en trayectorias curvilíneas es una habilidad fundamental en fútbol, 

correspondiendo un ~85% de las acciones realizadas a máxima velocidad en la liga 

profesional de fútbol inglesa. El presente estudio comparó el comportamiento 

neuromuscular y tiempos de contacto (FCT) de la pierna externa (OL) y la pierna 

interna (IL) durante el esprín en curva hacia ambos lados de la curva y durante el esprín 

lineal. Nueve jugadores (edad=23±4.12 años) de fútbol realizaron diferentes esprines: 

3x lineal, 3x curva derecha y 3x curva izquierda. Un análisis no paramétrico fue usado 

para comparar las diferencias entre IL y OL, además del análisis de Cohen d para 

calcular el tamaño del efecto (ES). Considerando el promedio de los datos, la 

clasificación de rendimiento (de mejor a peor) fue la siguiente: 1. Curva lado “bueno” 

(2.45±0.11s), 2. Lineal (2.47±0.13s) y 3. Curva lado “débil” (2.56±0.17s). Comparando 

el FCT entre el esprín lineal y en curva, IL registró diferencias significativas (lado 

“bueno”; ES = 1.20 y “débil”; ES = 2); por el contrario, en OL, no existieron diferencias 

significativas (lado “bueno”; ES = 0.30 y “débil”; ES = 0.49). La electromiografía 

(EMG) mostró diferencias significativas durante el esprín en curva entre OL (mayor 

actividad de BF y Gmed) e IL (mayor actividad en ST y ADD) en todos los músculos 

seleccionados. En resumen, IL y OL tienen roles diferentes durante el esprín en curva, 

pero IL está más afectada (FCT) por el cambio de lado “bueno” a “débil”. 

Palabras claves: fútbol, cambio de dirección, test físicos, neuromecánica, maniobras de 

giro 
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ABSTRACT 

Sprinting in curvilinear trajectories is an important soccer ability, corresponding 

to ~85% of the actions performed at maximum velocity in a soccer league. We 

compared the neuromuscular behavior and foot contact time (FCT) between outside leg 

(OL) and inside leg (IL) during curve sprinting to both sides in soccer players. Nine 

soccer players (age=23±4.12 years) performed: 3xSprint linear, 3xSprint right curve, 

and 3xSprint left curve. A non-parametric test was used to compare the differences 

between IL and OL and Cohen’s d was used to calculate the effect-size (ES). 

Considering the average data, the performance classification (from best to worst) was as 

follows: 1. Curve “good” side (2.45±0.11s), 2. Linear (2.47±0.13s), and 3. Curve 

“weak” side (2.56±0.17s). Comparing FCT between linear and curve sprinting, IL 

recorded significant differences (“good”; ES=1.20 and “weak” side; ES=2); in contrast, 

for OL, there were no significant differences (“good”; ES=0.30 and “weak” side; 

ES=0.49). EMG activity showed significant differences (p≤0.05) during curve sprinting 

between OL (higher activity in BF and GMed) and IL (higher activity in ST and ADD) 

in all the selected muscles. In summary, IL and OL play different roles during curved 

sprints, but IL is more affected by the change from “good” to “weak” side. 

Key words: football, change of direction, physical test, neuromechanical, cutting 
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INTRODUCTION  

Soccer can be characterized as a high-intensity, complex, and intermittent sport, 

which simultaneously requires different aspects of strength, power, speed, and 

endurance qualities (25, 29). Although the spectrum of specific-soccer tasks is very 

extensive, the predominant actions are walking, jogging, sprinting, cutting, jumping, 

tackling, heading, and kicking (1). Through the use of time–motion analysis, it has been 

revealed that soccer players typically cover a total distance of 9-12 km during a match 

(27), depending on playing position and game characteristics (33).  

Although maximum short sprints (i.e., <10 m) account for approximately 12% of 

the total distance covered within a game (33), they appear to be a key element of elite 

soccer performance (17). Accordingly, it has been demonstrated that soccer players 

competing at higher competitive levels execute more high-intensity running activities 

during a match than their less skilled peers (i.e., players competing at lower levels) (27). 

Among these actions, the vast majority of studies focused on examining maximum 

linear efforts (9, 28) or sprints with successive changes of direction (COD) (6, 37). 

Indeed, these previous works assessed COD performance using “cutting” or “turning” 

maneuvers between sequential straight lines, without considering the curve sprinting in 

their evaluations. Specifically, a curve sprint is a curvilinear sprint effort, with a discrete 

and continuous directional change (18). 

The ability to effectively sprint in curvilinear trajectories is an important soccer 

skill, which is used to evade, track, or draw an opponent and, remarkably, ~85% of the 

actions performed at maximum velocity in a professional soccer league are curvilinear 

sprints (10). In this regard, it has been shown that sprint activities during official soccer 

matches are rarely linear (19), and usually occur at a curve radius ranging from 3.5-m to 

11-m (7). Curiously, in a recent study with highly experienced soccer players, Filter et 
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al. (18) observed that players who ran faster in linear sprints were not necessarily faster 

in curvilinear trajectories (i.e., ~35% shared variance). In a more applied sense, this 

means that coaches and sport scientists must consider curved sprinting as a necessary 

and specific training and testing tool (18, 19). As a result, Filter et al. (18) proposed the 

use of a novel and valid curve sprint test to assess elite soccer players (i.e., 9.15-m 

radius and 17-m distance).  

  From a mechanical standpoint, when compared to linear efforts, curve sprints 

have the ability to generate centripetal forces and provoke different mechanical and 

neuromuscular behaviors. Filter et al. (20) reported that performance in a standardized 

curve sprint test has a limited relationship with straight sprinting, suggesting that these 

abilities are different and independent physical qualities. This notion can be reinforced 

by observing the differences in body position, force application, joint angles, and 

running mechanics when athletes sprint in linear or curvilinear trajectories (8, 11, 14, 

24, 29, 34, 35). For example, it is known that contact time in the inside leg (IL) is higher 

than in the outside leg (OL) (11, 34, 35). Nevertheless, it is not clear which of the legs 

compromise performance during curved sprints. Some authors have advocated that the 

IL plays a critical role in limiting speed during curve sprints due to a slightly smaller 

peak ground reaction force and muscle activation when compared to the OL (14, 31). 

However, the aforementioned studies were performed with sprinters, using a “single 

one-sided curve sprint test”. Therefore, assessing soccer players for both sides (i.e., 

“good” and “weak” sides) may shed light on the mechanisms behind this fundamental 

soccer skill. 

Although soccer curve sprints are usually performed at high or very-high 

intensities (10, 19), previous research has only analyzed curve displacements at 

submaximal velocities (i.e., jogging or moderate running) (8, 34). Hence, to our 
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knowledge, no studies have examined the kinematic and neuromuscular patterns of 

soccer players during maximum-effort curved sprints or compared EMG measures 

collected from both legs in order to determine the causes and consequences of “good” 

and “weak” sides. The aim of this study was to compare the neuromuscular and 

kinematic behavior between outside leg (OL) and inside leg (IL) (interlimb) and 

intralimb during curve to both sides and linear sprinting in soccer players. We 

hypothesized that there would be significant differences between: (1) the foot contact 

time between OL and IL (interlimb) during curve sprints, but not during linear sprints, 

(2) the foot contact time between IL “good” and IL “weak” side (intralimb), and (3) the 

electromyography (EMG) activity in both legs, across the different muscle groups 

during curve sprinting. 

 

METHODOLOGY 

Study Design 

In this cross-sectional study we compared the mechanical behavior between OL 

and IL during curve to both sides and linear sprinting in soccer players. Forty-eight 

hours before the data collection, athletes participated in a familiarization session. 

Subsequently, during the experimental session, they performed 2 different maximum 

sprint tests: (1) a 17-m linear sprint and (2) the standardized curve sprint test (9.15-m 

radius and 17-m distance) (18). Both measurements were performed on artificial grass, 

under optimal conditions of humidity and weather (i.e., 15-17 ºC and 35 % relative 

humidity). The soccer players performed each test three times, completing a total of 

nine sprint efforts as follows: 3x linear sprints + 3x right curve sprints + 3x left curve 

sprints. Three minutes of recovery were allowed between efforts. The best attempt at 

each test was considered for analysis. 
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Subjects  

Nine semiprofessional Spanish soccer players (age = 23 ± 4.12 years; height = 

168 ± 6.12 m; mass = 72.1 ± 4.67 kg) were recruited for this investigation. All subjects 

met the following inclusion criteria: (1) being involved in a semiprofessional soccer 

league, (2) training at least twice a week, and (3) not presenting any medical condition 

that could affect the physical measurements. Before participating in the study, athletes 

signed an informed consent form. This research was approved by the local Ethics 

Committee. The current investigation also adhered to the standards of the International 

Journal of Sports Medicine (21).  

 

Linear Sprint Test 

Liner sprint velocity was assessed using a linear 17-m sprint test, with 

photoelectric timing gates (Witty, Microgate, Italy) placed at the starting line, 8.5-m, 

and 17-m. The front foot was placed 1-m behind the starting line. The intraclass 

correlation coefficients (ICCs) between trials 1, 2, and 3 were ≥ 0.94, and the respective 

coefficient of variation (CV) was < 1%.  

 

Curve sprint Test 

The trajectory used to measure velocity during curved sprints was the penalty 

arc of an official soccer field (Figure 1), starting from a standing position. Running 

velocity was assessed over 17-m, with timing gates placed at the starting line, and at 

8.5- and 17-m. The front foot was placed 1-m behind the first timing gate, following the 

line of the penalty arc. The ICCs between trials 1, 2, and 3 were ≥ 0.86, and the CVs 

were≤ 1.8%, for right and left curves, respectively. This curve sprint test was found to 
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be valid and reliable in a recent study (18). “Good” and “weak” sides (best and worst 

attempts, respectively) were considered for further analysis. 

 

 

Figure 1. Curve sprint test performed by soccer players (18). 

 

EMG measurement 

The mDurance (Granada, mDurance solution S.L., Spain) system was used to 

assess EMG activity. This electronic system leverages the use of wearable inertial 

sensors to track the selected muscle and portable electromyography sensors to 

seamlessly measure the electrical activity produced by the selected muscles. All of the 

information registered through these sensors is intelligently managed by a mobile 

application (3). The sampling rate used was 1024 Hz. The EMG activity was computed 

using a full-wave rectified, filtered, and normalized EMG signal, calculated during 

curved and linear sprints. We calculated the root-mean-square peak percentage (%RMS) 
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by normalizing the mean values obtained from the five highest peaks observed in every 

task (2). As the main focus of the research was to examine the mechanical differences 

between linear and curvilinear sprints, four muscle groups directly involved in 

movements outside the sagittal plane were specifically selected: (a) gluteus medium 

(GMed), (b) semitendinosus (ST), (c) biceps femoris long head (BF), and (d) adductor 

(ADD). Electrodes were placed according to SENIAM (Surface ElectroMyoGraphy; 

procedures for the non-invasive assessment of muscles) (22). These recommendations 

were programmed in the mDurance mobile app, used in the tests. 

Kinematic variable 

During the tests, the players were recorded with a digital camera (GoPro Hero5+ 

Black), sampling at 100 frames per second. The camera was located on the penalty spot, 

at 9.15-m from the running lane, and perpendicular to the acquisition space and the 

subjects’ sagittal plane (26). Foot contact time (FCT) was obtained during analyses and 

defined as the time from touchdown to take-off of the foot, as previously proposed by 

Miyamoto et al. (26). 

Statistical analyses  

The statistical analysis was performed using SPSS 17.0 (SPSS 17.0, IBM, 

Chicago, IL, USA). Descriptive statistics are expressed as mean ± standard deviations 

(SD), within 95% confidence limits (95% CL). Data normality was checked using the 

Shapiro-Wilk test. Intra and interlimb (OL and IL) values were compared during linear 

and curvilinear trajectories and Student's dependent t-test was used. Cohen’s d was used 

to calculate the effect size (ES). The ES magnitudes were interpreted using the 

following thresholds: <0.2, 0.2-0.6, 0.6-1.2, 1.2-2.0, and 2.0-4.0, for trivial, small, 

moderate, large, and very large; respectively (23). The level of significance was set at P 

< 0.05. 
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RESULTS 

Performance analysis  

Mean ± SD times of all sprint efforts (linear, and right and left curve times) were 

measured. Curiously, the players were faster during curve sprints for the “good” side 

(2.446±0.112) in comparison with linear sprints (2.468±0.132), however, there were no 

significant differences. In contrast, there were significant differences (p ≤ 0.05) between 

linear sprints and curve sprint “weak” side, as well as between curve sprint “good” and 

curve sprint “weak” sides (p ≤ 0.01 and ≤ 0.01, respectively).  

 

Table 1. Sprint performance (mean±SD; p value; effect size) during linear (best data) 

and curvilinear path. 

 Mean±SD  Linear 

sprint 

Curve sprint 

“good” side 

Curve sprint 

“weak” side 

Linear sprint 

 
2.47±0.13 

p value    

ES    

Curve sprint 

“good” side 
2.45±0.12 

p value 0.117   

ES 
0.17 

(trivial) 

  

Curve sprint 

“weak” side 
2.56±0.17 

p value 0.001* 0.001*  

ES 
0.73 

(small) 

1.07 

(moderate) 

 

• Significant (p ≤ 0.05) differences between variables; †Significant (p ≤ 0.01) 

differences between variables; ES: effect size. 

According to mean values, the performance classification, from best to worst 

results, was as follows: 1) Curve sprint “good” side (2.45±0.11 s), 2) Linear sprints 
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(2.47±0.13 s), and 3) Curve sprint “weak” side (2.56±0.17 s). 

Kinematic analysis (FCT) 

Interlimb analysis 

Mean ± SD FCT (s) values of all subjects are plotted in Table 2 for each of the 

three conditions (i.e., linear sprints, curve sprint right side, and curve sprint left side).  

 

Table 2. Foot contact times (FCT) (mean±SD) and confidence limits (95%) during 

linear and curvilinear sprint (17-m). 

 Right foot contact 

time (s) 

Left foot contact 

time (s) 

Linear sprint 0.134±0.009 

(0.127-0.139) 

0.135±0.01 

(0.128-0.144) 

Curve sprint (Right) 0.148±0.009* 

(0.141-0.151) 

0.137±0.009 

(0.129-0.142) 

Curve sprint (Left) 0.137±0.007 

(0.132-0.142) 

0.148±0.009* 

(0.142-0.152) 

* Significant (p ≤ 0.05) differences between variables; †Significant (p ≤ 0.01) 

differences between variables. 

During linear sprints, players had similar FCT for both right (0.134±0.009s) and 

left (0.135±0.010s) legs, without presenting significant differences between them. In 

curve sprinting, significant differences were observed in FCT between right and left 

sides. Specifically, FCT was higher in the right leg during curve sprint right side 

(0.148±0.009s; 0.137±0.009s), and higher in left leg during curve sprint left side in 
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comparison to the other leg, respectively (0.148±0.009s; 0.137±0.007s). Thus, the IL 

(0.148±0.009s) presented longer FCT than the OL (0.137±0.008s).  

 

Intralimb analysis between curve sprint sides 

Regarding the “good” and “weak” sides of the curve sprints, we observed 

significant differences (p≤0.05) between FCT IL during curve sprints to the “good” 

(0.146±0.008) and “weak” sides (0.150±0.009s) (Table 3). The FCT in the IL in the 

“good” side was lower than in the “weak” side, and the ES was considered “small” 

(ES= 0.57). There were no significant differences between the OL during “weak” 

(0.137±0.009s) and “good” sides (0.135±0.007s), with a “trivial” ES (ES = 0.19). 

 

Table 3. Foot contact times (FCT) (ES) during linear and curvilinear sprint 

“good/weak” side (17-m). 

  Curve sprint “good” 

side 

Curve sprint 

“weak” side 

Outside 

leg 

Inside 

leg 

Outside 

leg 

Inside 

leg 

Linear 

sprint 

Outside leg 0.3  0.49  

Inside leg  1.57†  2.04† 

Curve sprint 

“good” side 

Outside leg   0.19  

Inside leg    0.57* 

* Significant (p ≤ 0.05) differences between variables; †Significant (p ≤ 0.01) 

differences between variables. 
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Intralimb analysis between curve (both sides) and straight sprints  

The FCT IL showed significant differences between curve sprint “good” side 

and linear sprint (ES ≥1.20, considered “large”), and between curve sprint “weak” side 

and linear sprint (ES ≥ 2, considered “very large”) (Table 3). Conversely, for the OL, 

there were no significant differences between curved and linear sprinting in relation to 

the FCT.  

EMG activity  

Table 4 shows the results of the EMG activity during linear and curve sprints, 

for both right and left sides.  

 

Table 4. Mean±SD and confidence limits (95%) EMG activity expressed as a %RMS 

(mean±SD) during linear and curvilinear sprint (17-m). 

 GMed (%) BF (%) ST (%) ADD (%) 

Outside Inside Outside Inside Outside Inside Outside Inside 

Linear 

sprint 

43.37± 

2.10 

(42.0-

44.74) 

44.25± 

1.52 

(43.26-

45.24) 

51.31± 

3.52 

(49.01-

53.61) 

51.03± 

2.57 

(49.35-

52.71) 

49.76± 

4.93 

(46.54-

52.98) 

52.39± 

6.2* 

(48.35-

56.44) 

51.72± 

2.32 

(50.2-

53.24) 

50.65± 

3.01* 

(48.68-

52.61) 

Curve 

sprint 

53.89± 

4.18 

(51.16-

56.62) 

43.94± 

9.85† 

(37.51-

50.38) 

44.21± 

12.08 

(36.32-

52.1) 

35.03± 

10.44* 

(28.21-

41.85) 

43.94± 

6.63 

(39.61-

48.27) 

53.51± 

5.76* 

49.75-

57.27) 

43.45± 

8.4 

(37.96-

48.94) 

49.66± 

6.94† 

(45.13-

54.19) 

Significant (p ≤ 0.05) differences between legs; †Significant (p ≤ 0.01) differences 

between legs; Root-Mean-Square= RMS; GMed= Gluteus medium; BF= Biceps 

femoris long head; ST= Semitendinosus; ADD= Adductor. 
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In summary, we observed similar EMG activities (%RMS) in GMed and BF 

(GMed: 44.25% and 43.37%; BF: 51.03% and 51.31%) in both legs during linear 

sprints. However, there were significant differences between legs during linear sprints 

in ST (p ≤ 0.05) and ADD (p ≤ 0.05) EMG activity, although the ES was considered 

“small” for both variables (ES = 0.23 and 0.21, respectively).  

During curve sprints, we found significant differences between the OL and IL in 

all analyzed muscle groups (p ≤ 0.05) (Table 4). EMG activity was higher in both 

GMed and BF (external rotation muscles) in the OL, and, conversely, the IL recorded 

higher EMG activity in both ST and ADD (internal rotation muscles) (Table 4). This 

means that the neuromuscular behavior during curved sprints is significantly different 

between IL and OL.   

 

DISCUSSION 

The main findings of the present study were: 1) soccer players presented similar 

performances during curve sprints (“good” side) and linear sprints, 2) the IL displayed 

higher FCT than the OL throughout curvilinear trajectories, 3) the IL demonstrated 

greater modifications in FCT when comparing “weak” and “good” sides, and 4) the OL 

and IL presented different EMG activity during curve sprinting. 

 

Performance analysis 

According to the performance achieved in curved and linear sprints, the majority 

of players (6 of 9 players) obtained slightly better results in (from the highest to the 

lowest performances): 1) curve sprint “good” side, 2) linear sprints, and 3) curve sprint 

“weak” side (Table 1). However, there were not significant differences between “good” 

side and linear sprint, but there were significant differences between linear and curve 
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sprint “weak” side (1.2% difference), as well as between curve “good” vs “weak” sides 

(1.6% difference) (Table 1). Previous research reported similar results between curve 

and linear performance, without differences between both actions (30). Conversely, 

Chang et al. (2007) (14) reported superior performances in linear sprints (30-m) in 

comparison with curve sprints. This small difference is possibly due to the different 

protocols (i.e., 17-m curve sprint with 9.15-m radius vs full circle with 1, 2, 3, 4, and 6m 

radii) and samples (i.e., soccer player vs sprinter athletes) used in both investigations. In 

fact, the degree of turning curve in the valid and reliable test used herein (18) is higher 

than the turning degree commonly observed in previous studies (14, 35). Together, 

these data suggest that, different from sprinters, soccer players, as a direct result of their 

specific requirements, can exhibit similar performances in both curved (“good” side) 

and linear trajectories (0.4% difference). 

Performance analysis may provide an overview of the relationships that exist 

between curve sprinting “weak” side and their respective deficits (i.e., differences 

between times related to “good” and “weak” sides; r = 0.73, “moderate”). In summary, 

this means that players who run slower during curve sprinting “weak” side are prone to 

present higher deficits. This indicates that the “weak” side plays a pivotal role in the 

deficit magnitude, which cannot be confirmed by our cross-sectional data and must be 

explored in future investigations.  

 

Kinematic analysis (FCT) 

Interlimb analysis 

Several studies (11, 12, 13, 14, 15) reported longer FCTs in the IL in comparison 

to the OL during curve sprinting actions. Similar results were confirmed in the present 

study: 1) during curve sprints, IL FCT was longer than in the OL. 

Alberto Filter Ruger


Alberto Filter Ruger
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Intralimb analysis between curve sprint sides 

The results confirmed that IL displayed longer FCT during curve sprint “weak” 

than “good” side. The aforementioned studies were performed with track and field 

athletes, thereby assessing curve sprints only to one side (i.e., “anti-clockwise”). This is 

the first study that assessed FCT during curve sprints to both sides (“weak” and 

“good”), because in soccer both sides are equally important for successful 

performances. In this sense, we showed that the IL registered a greater change from the 

“good” to the “weak” side (Table 3) and, notably, the OL was barely affected. This 

suggests that IL, in accordance with Chang et al. (15), might be a determining factor in 

regulating the decrements in performance from the “good” to “weak” side. 

 

Intralimb analysis between curve (both sides) and straight sprints 

The results confirmed that IL obtained longer FCT during curve sprint than 

straight sprint (Table 3). While the OL did not show significant differences in FCT (% 

differences = 1.5% and 2.9%), the IL demonstrated significant and higher differences 

(% differences = 8.9% and 11.3%) for “good” and “weak” sides, respectively (Table 3). 

These results are in accordance with a previous work (11) that presented similar OL 

FCT during linear and curve sprints. However, the present study showed an added value 

in relation to previous research, as we also assessed the “weak” side. Therefore, rather 

than solely producing greater peak forces, faster velocities are more dependent on the 

ability to rapidly generate these forces, which means that the production of high vertical 

forces over short contact times is an issue (38). The longer FCT IL suggests that the 

mechanical conditions to apply and generate forces rapidly in this leg throughout curved 

sprints are not appropriate (15). Future studies with soccer players considering kinetic 
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variables during curve sprinting can better elucidate these “performance limiting 

factors”. 

 

EMG activity 

EMG activity during straight sprint 

No differences between legs were observed in the activation (%RMS) during 

linear sprints when comparing both legs, with equal prominence (Table 4). 

 

EMG activity during curve sprint 

This is the first study to analyze both legs. Therefore, a comparison with similar 

maneuvers is crucial to contrast the results with other studies. Two similes between the 

IL role as a “continuum cross-step maneuver” (i.e., the travel direction is towards the 

same side of the body as the pivot leg), and the OL role as a “continuum side-step 

maneuver” (i.e., the travel direction is towards the side of the body opposite the pivot 

leg) were used (Figure 2).  

 

 

Figure 2. Simile between the roles of each leg during the maneuvers curve sprint 

analyzed. 

During OL/side-stepping, activation of hip external rotation muscles (BF, 

GMed) will increase compared to IL/cross-stepping cut, to counter the applied valgus 

and hip internal rotation moments at the knee (4, 5, 31). Conversely, during IL/cross-
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stepping cut, activation of hip internal rotation muscles (ST, ADD) will increase 

compared to OL/sidestepping cut, to counter the applied varus and hip external rotation 

moments at the knee (Table 4) (4, 5). These data add more evidence to confirm that 

each leg plays a different role during curve sprinting.   

 

COD, linear and curve sprinting analysis 

Some data about FCT and angle were presented in Dos Santos et al. (2016) and 

Dos Santos (2018) for different COD, indicating a longer FCT with increased angles 

(17), and shorter FCTs as determinants of faster COD performance (15). During COD 

maneuvers, one of the limiting factors of performance is OL (37) through its role in 

decelerating and accelerating during clear lateral push-off actions and with higher FCT. 

Conversely, in accordance with Chang et al. (15), our results suggest that at maximal 

effort, an increment in FCT and a reduction in peak resultant ground reaction force by 

IL likely play a significant role in limiting speed during curve sprinting.  

The previous data suggest that, as the degree of turn decrease (from COD 

maneuvers to curve to linear sprint), the FCT of the legs is gradually distributed from 

the OL to the IL, until both legs share the same FCT during linear sprint. Although this 

seems controversial, it is an additional finding to indicate that COD, linear, and curve 

sprinting are different qualities. 

This study is inherently limited by its cross-sectional design, which precludes 

conclusions regarding causality. In addition, we did not assess or consider kinetic 

variables (i.e., vertical and horizontal peak forces) in our analysis, which undoubtedly 

limits the extent of our findings. Nevertheless, this is the first study to describe the 

kinematic and neuromuscular behavior of lower limbs during maximum curved sprints 

in soccer players. Further studies should be conducted to examine the mechanical and 
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neuromuscular differences between faster and slower athletes, as well as to analyze the 

effects of different training strategies on curved sprint performance. 

Some limitations of the study were 1) the small sample, although this can be 

explained by the complex methodology used in the study, and 2) using kinetic variables 

(i.e., rate of force development) to obtain clearer conclusions. 

 

CONCLUSION 

Soccer players obtained similar performances during curve sprinting “good” side 

and linear sprinting. The IL displayed longer FCT in curve than linear sprint, and also, 

IL obtained longer FCT during “weak” than “good” side. During curved sprints, IL 

EMG activity was higher in ST and ADD, and conversely, OL EMG activity was higher 

in GMed and BF. Lastly, we showed that IL is more affected (FCT) by the change from 

straight to curve, and from “good” to “weak” side. Thus, soccer coaches are strongly 

recommended to include specific curve sprint training strategies in their professional 

training routines, especially with the purpose of enhancing the mechanical efficiency of 

the IL (i.e., increase its ability to apply greater forces in shorter times). According to our 

data, this leg possibly plays a determinant role in limiting the maximum running speed 

during curvilinear sprints. These findings should be confirmed with further studies, 

preferably performed with the use of equipment able to measure and collect kinetic 

data.  

REFERENCES 

1. Ade J, Fitzpatrick J, Bradley, PS. High-intensity efforts in elite soccer matches 

and associated movement pattern, technical skills and tactical actions. 

Information for position-specific training. J Sports Sci 2016; 34: 2205-14. 



 
 

 89 

2. Albertus-Kajee Y, Tucker  R, Derman W, Lamberts R.,  Lambert M. Alternative 

methods of nomalising EMG during running. J Electromyogr Kinesio 2011; 21: 

579-86. 

3. Banos O, Moral-Muñoz JA, Díaz-Reyes I, Arroyo-Morales M, Damas M, 

Herrera-Viedma E, Hong CS, Lee S, Pomares H, Rojas I, Villalonga C. 

mDurance: A Novel Mobile Health System to Support Trunk Endurance 

Assessment. Sensors 2015; 15: 13159-13183. 

4. Besier T, Lloyd D, Cochrane J,  Ackland T. External loading of the knee joint 

during running and cutting maneuvers. Med Sci Sports Exerc 2001; 33: 1168-

1175. 

5. Besier T, Lloyd D, Ackland T. Muscle activation strategies at knee during 

running and cutting maneuvers. Med Sci Sports 2000; 35: 119-27. 

6. Brughelli M, Cronin J, Levin G, Chaouachi, A. Understanding change of 

direction ability in soccer: a review of resistance training studies. Sport Med 

2008; 38: 1045-1063. 

7. Brice P, Smith N, Dyson R. Frecuency of curvilinear motion during competitive 

soccer play. Communication to the Fourth Congress of Science and Football. In: 

J Sports Sci 2004; 22: 504. 

8. Brice P, Smith N, Dyson R. Curved running in soccer: Kinematics differences 

between the inside and outside limbs. Proceedings of the XXVI Int Conf Society 

Biomech Sports 2008.   

9. Buchheit, M., Samonizo, P., Glynn, J, Michael, B, Al Haddad, H, Méndez-

Villanueva A, Morin, JB. Mechanical determinants of acceleration and maximal 

sprinting speed in highly trained young soccer players. J Sport Sci 2014; 32: 

1906-1913. 



 
 

 90 

10. Caldbeck P. (2019). Contextual Sprinting in Football [DSportExSci thesis]. 

Liverpool, UK: John Moores University; 2019. 

11. Churchill S, Salo A, Trewartha G. The effect of the bend on technique and 

performance during maximal effort sprinting. Sport Biomech 2015; 14: 106-121. 

12. Churchill S, Trewartha G, Bezodis I, Salo A. Force production during maximal 

effort bend sprinting: Theroy vs reality. Scand J Med Sci Sports 2016; 26; 1171-

1179. 

13. Churchill S, Trewartha G, Salo A. Bend sprinting performance: new insights 

into the effect of running lane. Sports Biomech 2018; 18: 437-447. 

14. Chang Y, Kram R. Limitations to maximum running speed on flat curve. J Exp 

Biol 2007; 210: 971-982. 

15. Dos Santos T, Thomas C, Comfort P, Jones PA. The effect of angle and velocity 

on change of direction biomechanics: an angle-velocity trade-off. Sports Med 

2018; 40: 2235-2253. 

16. Dos Santos T, Thomas C, Jones PA, Comfort P. Mechanical determinant of 

faster change of direction speed performance in male athletes. J Strength & 

Cond Res 2017; 31: 696-705. 

17. Faude O, Koch T, Meyer T. Straight sprinting is the most frequent action in goal 

situations in professional football. J Sports Sci 2017; 30: 625-631. 

18. Filter A, Olivares J, Santalla A, Nakamura FY, Loturco I, Requena B. New 

Curve Sprint Test for Soccer Player: Reliability and Relationship with Linear 

Sprint. J Sports Sci 2019; 1-6.  

19. Fitzpatrick JF, Linsley A, Musham C. Running the curve: a preliminary 

investigation into curved sprinting during football match-play. Sport Perfm & 

Sci Reports 2019; 1. 



 
 

 91 

20. Ishimura K, Sakurai S. Asymmetric in determinants of running speed during 

curved running. J Appl Biomech 2016; 32: 394-400. 

21. Harriss DJ, Macsween A, Atkinson G. Standards for Ethics in Sport and 

Exercise Science Research. Int J Sports Med 2017; 38: 1126-1131 

22. Hermens H, Freriks M, Disselhorst-klug M, Rau G. Development of 

recommendations for SEMG sensors and sensor placement procedures. J 

Electromyogr Kinesiol 2000; 10: 361-374. 

23. Hopkins W, Marshall S, Batterham A, Hanin J. Progressive statistics for studies 

in sports medicine and exercise science. Med Sci Sports Exerc 2009; 41: 3-13. 

24. Judson LJ, Churchill SM, Barnes A, Stone JA, Brookes IA, Wheat J. Horizontal 

force production and multi-segment foot kinematic during acceleration phase of 

bend sprinting. Scan J Med Sci Sports 2019; 29: 1563-1571. 

25. Marios CA, Smilios I, Sotiropoulos K, Volaklis K, Theophilos P, Tokmakidis 

SP. Effects of resistance training on the physiscal capacities of adolescent soccer 

players. J Strength & Cond Res 2006; 20: 783-791. 

26. Miyamoto A, Takeshita T, Yanagiya T. Differences in sprinting performance 

and kinematics between preadolescent boys who are force/mid and rear foot 

strikers. Plos One 2018; 13. 

27. Mohr M, Krustrup P, Bangsbo J. Match performance of high-standard soccer 

players with special reference to development of fatigue. J Sports Sci 2003; 21: 

519-528. 

28. Morin J, Petrakos G, Jiménez-Reyes P, Brown S, Samonizo P, Cross M. Very-

sled heavy training for improving horizontal force output in soccer players. Int J 

Sport Phy and Perf 2017; 12: 840-844. 



 
 

 92 

29. Prieske O, Muehlbauer T, Borde R, Gube M, Bruhn S, Behm D, Granacher U. 

Neuromusclar and athletic performance folllowing core strength and training in 

elite youth soccer: Role of inestability. Scand J Med & Sci Sports 2016; 26: 48-

56. 

30. Ohnuma H, Tachi, M, Kumano A, Hirano Y. How to maintain maximal straigth 

path running speed on a curved path in sprint events. J Hum Kinet 2018; 62: 23-

31. 

31. Rand M, Ohtsuki T. EMG analysis of lower limb muscle in humans during 

quick change in running directions. Gate & Posture 2000; 12: 169-183. 

32. Rampini E, Coutts A, Castagna C, Sassi R, Impellizzeri F. Variation in top level 

soccer match performance. Int J Sports Med 2007; 28: 1018-1024. 

33. Suarez Moreno-Arrones L, Torreño N, Requena B, Sáez de Villarreal E, 

Barbero-Álvarez J, Munguía-Izquierdo D. Match play activity profile in 

professional soccer players during official games and the relationship between 

external and internal load. J Sport Med Phys Fitness 2015; 55: 1417-1422. 

34. Smith N, Dyson R, Hate T. Lower extremity muscular adaptations to curvilinear 

motion in soccer. J Hum Mov Studies 1997; 33: 139-159. 

35. Smith N, Dyson, R, Hale T, Janaway L. Contributions of the inside and outside 

leg to maintenance of curvilinear motion on a natural surface. Gait &Posture 

2006; 24: 453-458. 

36. Tous J, Gonzalo-Shok O, Arjol J, Tesch P. Enhancing change of direction speed 

in soccer players by funtional inertial eccentric overload and vibration training. 

Int J Sports Physiol Perform 2016; 11: 66-73. 

37. Young W, James R, Montgomery I. Is muscle power related to running speed 

with change of direction? J Sports Med Phys Fitness 2002; 42: 282-288. 



 
 

 93 

38. Weyand P, Sandell R, Prime D, Bundle M. The biological limits to running 

speed are imposed from the ground up. J Appl Physiol 2010; 108: 950-961. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 94 

 

 

 

 

 

 

 

 

 



 
 

 95 

 

CHAPTER 4: THE IMPORTANCE OF BALL PRESENCE IN JUMP 

ASSESSMENT IN SOCCER: KINEMATIC AND KINEMATIC ANALYSIS 

 

RESUMEN 

El objetivo de este estudio fue analizar las diferencias biomecánicas entre el 

salto vertical en carrera sin (carrera de aproximación y salto vertical, RUVJ) y con 

(carrera de aproximación y salto a balón, HT) presencia del balón. Se analizaron doce 

jugadores de fútbol semi y profesionales (n = 12) (edad = 23.9 ± 3.5 años). Se 

realizaron tres intentos de cada salto en el laboratorio, donde se obtuvieron variables 

cinéticas y cinemáticas con un sistema de captura de movimiento. Se utilizó la prueba T 

para variables dependientes y para muestras emparejadas, y la d de Cohen para describir 

el tamaño del efecto (ES). Hubo diferencias significativas (p <0.05; ES de 0.65 a> 2) en 

todas las variables estudiadas, excepto el impulso de aceleración durante el último 

contacto con el pie (LFC). Los resultados mostraron una velocidad más baja del Centro 

de Masas (CoM) en RUVJ (1.96±0.34m/s) que en HT (3.58±0.65m/s) durante el 

contacto inicial; mayor tiempo de contacto en RUVJ (0.35±0.09s) que en HT 

(0.25±0.04s) y menor aplicación de fuerza por unidad de tiempo (RFD) en RUVJ 

(4432.4 ± 2231.68N·s-1) que en HT (9452.55±5093.08N·s-1) durante LFC; mayor 

velocidad horizontal CoM en HT (2.15± 0.64m/s) que RUVJ (0.52±0.24m/s) durante la 

fase de despegue; mayor altura de salto en HT (2.31±0.08m) que RUVJ (2.21±0.06m); 

y mayor ángulo de rotación en el eje vertical del cuerpo durante el aterrizaje en HT 

(42.71±24º) que en RUVJ (15.66±14.72º). Estos hallazgos sugieren que las 

evaluaciones del salto vertical deberían realizarse bajo la presencia del balón. 



 
 

 96 

Palabras claves: evaluación, rendimiento, fuerza, deporte de equipo, pruebas. 

ABSTRACT  

 The aim of this study was to analyze the biomechanical differences between run-

up vertical jumping without (run-up vertical jump, RUVJ) and with ball presence 

(heading test, HT). Twelve semi and professionals (n=12) soccer players 

(age=23.9±3.5yr) were analyzed. Three attempts of each jump were performed in the 

lab, where kinetic and kinematic variables were obtained with a motion capture system. 

Student's dependent t-test for paired samples and Cohen’s d is reported to describe the 

effect size (ES) were used. There were significant (p<0.05; ES from 0.65 to >2) 

differences in all variables studied except acceleration impulse during the last foot 

contact (LFC). The results showed lower Centre of Mass (CoM) velocity in RUVJ 

(1.96±0.34m/s) than HT(3.58±0.65m/s) during initial contact; higher contact time in 

RUVJ (0.35±0.09s) than HT (0.25±0.04s) and less rate force of development (RFD) in 

RUVJ (4432.4±2231.68N·s-1) than HT (9452.55±5093.08N·s-1) during LFC; higher 

CoM horizontal velocity in HT (2.15±0.64m/s) than RUVJ (0.52±0.24m/s) during take-

off phase; higher jump height in HT (2.31±0.08m) than RUVJ (2.21±0.06m); and 

higher body angle rotation during landing in HT (42.71±24º) than RUVJ 

(15.66±14.72º). This finding suggested that some of the training/assessment sessions 

should be focus on training/testing the vertical jump with the ball presence.  

Key words: Assessment, performance, strength, team sport, testing.   
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INTRODUCTION 

In soccer, high-intensity actions have increased during soccer matches in the last 

years and currently play a relevant role during the competition (Barnes, Archer, Hogg, 

Bush, & Bradley, 2014). Some of those actions are linear sprint, curve sprint, change of 

direction, or vertical jump (VJ) (Bloomfield, Polman, & O'Donoghue, 2007). 

Specifically in soccer, head the ball is a crucial ability during a competition. In 

fact, this skill can also determine the match outcome, considering that in the South 

Africa world cup, 19.4% of the goals were scored by headers (Njororai, 2013). Also, 

heading maneuver is a defensive action against opposing teams (i.e., clear the ball).  

Previous study, which researched about heading ability, included the “Elevation 

Index” concept (Marcolin & Petrone, 2006), defined as the ratio in percentage between 

vertical height reached by head marker and subjects' height. This research concluded 

that “elevation index” improves the heading maneuver (ball direction) due to the soccer 

player touch the ball under better conditions. Despite the importance of the jump height 

in a heading (Marcolin & Petrone, 2006), most researchers, who research about heading 

maneuvers, have focused on other aspects, such as head acceleration (Caccese, Buckley, 

Tierney, Rosse, Glutting, & Kaminski, 2018), kinetic variables (Paoli, Bianco, Palma, & 

Marcolin, 2012) and other kinematic variables (i.e., segmental characteristics) (Erkmen, 

2009) (Kristensen, 2002) (Kristensen, Andersen, & Sorensen, 2004)  

Jumping has been traditionally tested by restricted arm movement vertical 

jumping (Wisloff, Helgerud, & Hoff, 1998) (i.e., squat jump (SJ), countermovement 

jump (CMJ)), and nowadays researchers include new jump techniques, such as 

horizontal bilateral jumps, standing one-single leg jumps, and approach run-up (Bishop, 

Read, McCubbine, & Tumer, 2018) (Young, Macdonald, Heggen, & Fitzpatrick, 1997) 
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in their assessments. Specifically in soccer, standardized VJ measurements such as SJ, 

CMJ, and, drop jump (DJ) are usually included by researches ( (Castagna & Castellini, 

2013) (Harry, Barker, Mercer, & Dufek, 2017) (Rodríguez-Rossel, Mora-Custodio, 

Franco-Márquez, Yáñez-García, & González-Badillo, 2017) to assess jump ability.  

However, in soccer, VJ is meant to head the ball, which probably causes a 

different action than traditionally used vertical jumps (i.e., contact time, rate of force 

development, horizontal displacement). First, include a target (i.e., a ball suspended in 

the air) overhead could increase the performance during a vertical jump (Mok, Bahr, & 

Krosshaug , 2016) (Wulf & Dufek, 2009). Secondly, although VJ ability would be 

easier to assess whether trajectory was purely vertical, these trajectories rarely are 

performed during the competition. In fact, during the matches, the most of maximal VJs 

are generally preceded by a previous run-up phase (Bueno, 2010). Furthermore, a 

“weak” and “moderate” association between standardized vertical jumps (i.e., CMJ, DJ) 

variables and soccer-specific vertical jump (maximum jump with run-up phase and ball 

presence) was obtained previously (Requena, García , Requena, Bressel, Sáez-Sáez de 

Villarreal, & Cronin, 2012).  

These findings suggest the ball presence overhead during run-up vertical jump 

could change the jump movement pattern. Based on this the aim of this study was to 

know the biomechanical (kinematic and kinetic) differences between run-ups vertical 

jumping with (HT) versus without a ball presence (RUVJ). We hypothesize that the ball 

presence changes completely the vertical jump maneuvers, away from traditional 

vertical jump used.  

METHODOLOGY 

Participants 
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Twelve soccer players (age = 23.9 ± 3.5 years; height = 175.1 ± 5.2 cm; mass = 

71.6 ± 3.5 kg) were recruited from a semi-professional (n = 10) and professional (n=2) 

Spanish and Turkish League. To be included in the study, subjects had to: 1) ensure 

regular participation in all the training sessions, 2) have regularly competed during the 

previous competitive season and 3) possess medical clearance. Goalkeepers were 

excluded from the study. The methodology used was approved by the Football Science 

Institute Ethics Committee and conformed to the policy statement with respect to the 

Declaration of Helsinki. All subjects were informed of the risks and benefits of the 

procedure and signed an informed consent for participation in the study. 

Test Setup 

Procedure 

Data was collected during a single session. Subjects performed the tests without 

training or doing strenuous exercise in the 72 hours before the test. A total of six jumps 

were performed. All the tests were assessed in the human movement laboratory of Sport 

and Health University Research Institute (IMUDS) (Granada, Spain), under the same 

ambient temperature conditions (18-20 ºC and 50-60 % of relative humidity). 

Subjects did not have a familiarization session due to this study aims to analyze a 

movement based on the nature of heading, not having movement as a reference, a 

restraint, or a limitation. They did not acknowledge the type of jump they were 

performing, and they faced each jump according their previous experience. We are 

looking for an ecological approach, an actual movement that any player could perform 

during a match. The test consisted of three trials for each jump, (subjects performed 3x 

RUVJ and 3x HT) with a 60 seconds rest between trials, and a 2 minutes rest between 

jump types in order to ensure a full recovery. The warm-up exercises consisted in 
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jogging for 5 minutes at a self-selected pace, followed by a series of dynamic warm-up 

drills (walking knees to chest, lunge walks, lateral lunge, high knee, butt kicks and high 

skips), and three submaximal practice trials before each jump assessment. 

Setup 

 Equipment. Kinetic and kinematic variables were acquired with a motion capture 

system. Marker trajectories were captured using 8 motion analysis cameras (Qualisys 

Inc. Gothenburg, Sweden) at a sampling rate of 200 Hz. Ground reaction force data was 

captured using a force platform sampling (Kistler Instruments, Winterthur, Switzerland) 

at a rate of 200 Hz. A soccer attached to a tripod was used for the suspended-ball-

system to simulate the soccer-specific overhead target for the heading task (fig. 1).   

 

Figure 1.  Suspended-ball-system to simulate soccer-specific jump (on the pitch/lab). 

RUVJ (without ball presence). These tests were performed with a standardized 

starting position, with the lead-off foot behind the starting line, which was placed 5.5 
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meters behind the take-off zone, marked with a delimited square. The subjects 

completed the run-up (5.5m) and jumped in the square take-off zone (1m x 1m). For this 

test, we allowed a free use of the arms and the jump had to be performed using both legs 

(fig. 2). This type of jump has been used in other studies, but with restriction in the 

steps during run-up phase and determining the jumping leg (one versus double-leg) 

(29). 

 

Figure 2. Run-up vertical jump (RUVJ) graphical representation. 

HT (with ball presence). A diagram for the HT test can be seen in fig. 3. A ball 

was positioned in the air, one meter above the subjects standing height, attached to an 

apparatus that was in turn attached to the goal post (a tripod was used to simulate the 

poster goal in the laboratory). A specific height for the ball was agreed to ensure the 

players' maximal effort in their jumps. The ball was suspended one meter above their 

heads in order not to touch it and perform a maximum vertical jump. All trials for the 

HT started from the area perimeter and were performed with a 5.5 meters run-up at a 

self-selected speed and a self-selected number of strides. The only instructions were: 

start the jump out of the run-up testing area (5.5m from the ball), and perform a 

maximal run-up jump with the objective to head the ball with the maximum height 

possible, using a technique that you consider most efficient and mimics actual playing 

(Requena, García , Requena, Bressel, Sáez-Sáez de Villarreal, & Cronin, 2012). The 
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only differences between RUVJ and HT were the presence of the ball. The reference 

point for the take-off was a delimited square (force platform) during the run-up vertical 

jump without the ball, while in the HT the reference point was the ball. 

 

Figure 3. Heading test (HT) graphical representation. 

Data analysis 

After completing the warm-up, a total of 74 anatomical markers (44 markers and 

8 clusters) were attached to the participant's body using a full-body model. No markers 

were attached to the participants’ hands. After the static calibration trials, 10 markers 

were removed. The markers trajectories and ground reaction forces were low-pass 

filtered at 6Hz and 50Hz, respectively, by Visual 3D software (C-Motion, Bethesda, 

Maryland) before being used to calculate the three-dimensional kinematics and kinetics 

of the lower extremity (Butler , Russel, & Queen, 2012). If markers were lost, gaps ≤20 

were interpolated using a cubic polynomial interpolation. For the different variables to 

be calculated, several events were created according to the jump movement using 

Visual 3D software. The initial contact or starts last step were considered when the 

force platform exceeded 20N (Harry, Barker, Mercer, & Dufek, 2017). The take-off was 

considered when the force platform fell behind 20N. The maximum height reached was 

considered when the Centre of Mass (CoM) registered its maximal vertical value during 

the flight phase. The landing was considered when the fifth metatarsal marker from the 
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first foot touching the ground registered its minimal vertical value. The heel contact 

after landing was considered when the heel marker of the foot that landed later 

registered its minimal vertical value, representing the heels touching the ground. The 

stance phase was considered the phase comprised between initial contact and take-off. 

Furthermore, stance phase was divided into the deceleration and the acceleration phase; 

the latter corresponding to the time event lasting from the moment in which the CoM’s 

velocity becomes positive to the take-off. Likewise, the deceleration phase 

corresponded to the event comprised between initial contact and the moment when the 

CoM’s velocity becomes positive. These variables of interest were CoM velocity (m/s) 

at both initial contact and take-off; total, deceleration and acceleration impulse (N·s), 

rate of force development (RFD) (N·s-1) (RFD was calculated as time-interval RFD, 

which it is calculated at two time-intervals during force accelerative: 0-30 and 30-60ms) 

(Haff, Ruben, Lider, Twine , & Cormie, 2015) and contact time (s) during stance phase; 

head and CoM height (m) at maximum height reached; and pelvis torsion (º) at heel 

contact after landing. All the variables were obtained by means of Visual 3D software. 

Statistical Analyses  

 Descriptive statistics are expressed as mean ± standard deviations (SD), within 95% 

confidence limits (95% CL). The normality of the data distribution was checked using 

the Shapiro-Wilk test. Values were compared between RUVJ and HT. Student's 

dependent t-test for paired samples. Cohen’s d is reported to describe the effect size 

(ES). Threshold values for assessing magnitudes of the ES (changes as a fraction or 

multiple of baseline standard deviation) were <0.20, 0.20, 0.60, 1.2 and 2.0 for trivial, 

small, moderate, large and very large respectively (Hopkins, Marshall, Batterham, & 

Hanin, 2009).  Differences were reported at the p <0.05 levels. The statistical analysis 
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was performed using the SPSS 17.0 (SPSS 17.0, IBM, Chicago, IL, USA). 

RESULTS 

 The results for both tasks for all outcome measures are presented in table 1. 

Action data are divided into different parts as means for data presentation: 1. initial 

contact/last step, last foot contact (LFC) and take-off; 2. maximum height reached and 

landing.  

 During initial contact, the CoM horizontal velocity was higher during the HT 

(3.58 ± 0.65 m/s) than during the RUVJ (1.96 ± 0.34 m/s), with significant differences 

(p < 0.05; very large ES = >2). 

 There were significant differences (p< 0.01) in contact time during LFC prior to 

take-off between RUVJ and HT. The RUVJ recorded higher contact time (0.35 ± 0.09 s) 

than HT (0.24 ± 0.04 s) (large ES = 1.41). Deceleration impulse was higher (p < 0.05) 

in RUVJ (207.02 ± 44.33 N·s) than HT (103.72 ± 48.54 N·s) (very large ES = >2) and 

acceleration impulse was higher in HT (368.0 ± 50.16 N·s) than RUVJ (328.9 ± 49.92 

N·s), but there were no significant differences (p > 0.05). Therefore, regarding total 

impulse, it was recorded to be higher (p < 0.05) in HT (357.17 ± 51.18 N·s) than RUVJ 

(357.17 ± 51.18 N·s), with significant differences (p < 0.05; moderate ES = 0.78). 

 During the take-off phase, HT registered higher (p < 0.05; very large ES = >2) 

horizontal velocity (2.15 ± 0.64 m/s) than RUVJ (0.52 ± 0.24 m/s). Significant 

differences (p > 0.05; very large ES = >2) in RFD between tests were registered, and 

RFD was higher in HT (9452.54 ± 5093.08 N·s-1) than RUVJ (4432.4 ± 2231.68 N·s-1). 

 During the phase of maximum height reached, the height was higher (p < 0.05) 

in HT (2.31 ± 0.08 m) than RUVJ (2.21 ± 0.06m) (large ES = 1.43). The cranium angle 
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in relation to Z-axis was greater (p < 0.05; large ES = 1.69) in HT (27.77 ± 10.06 º) than 

RUVJ (0.98 ± 21.69 º).  

 During the landing phase, the pelvis torsion angle in relation to the run-up 

trajectory was greater in HT (42.71 ± 24.0º) (p > 0.05; large ES = 1.4) than RUVJ 

(15.66 ± 14.72º). 

DISCUSSION 

The aim of the present study was to analyze the biomechanical differences 

between run-up vertical jump without (RUVJ) and with ball presence (HT). The main 

findings of the present study were: a) CoM velocity during initial contact was higher in 

HT than RUVJ, b) LFC time during was lower in HT, c) HT generated higher braking 

and total impulse, d) HT recorded bigger RFD, e) horizontal velocity during take-off 

was higher during HT, f) soccer players performed better regarding vertical jump height 

with ball presence, g) the ball presence induced differences in cranium angle during the 

flight phase, and h) the landing maneuver during HT caused more body rotation in 

relation to the run-up trajectory. 

Biomechanical differences during initial contact/last step and take-off phases 

CoM horizontal velocity during initial contact/last step 

Data showed that during HT the horizontal CoM velocity was higher than CoM RUVJ 

velocity (45.3% difference), and could be explained by the reference point.
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In the RUVJ the reference point was the force platform, where the players 

performed a vertical jump that caused the velocity during LFC to be lower due to the 

high production of eccentric force (braking force) tolerated by the leg extensor muscles 

to transform the horizontal movement into a vertical one (Young, Macdonald, Heggen, 

& Fitzpatrick, 1997). By contrast, during the HT, the reference point was the ball, which 

caused that the player performed a parabolic trajectory, and executed the LCF with 

fewer peaks braking force, due to a higher horizontal take-off angle (Requena, García , 

Requena, Bressel, Sáez-Sáez de Villarreal, & Cronin, 2012).  

Contact time during LFC 

HT LFC time was lower (27.5%) than one obtained in the RUVJ. The main 

differences could be explained by the stretch-shortening cycle (SSC) phenomena. In this 

sense, SSC was faster in HT than RUVJ, which involves a shorter contact time and 

smaller displacements of CoM (fig. 4 and 5) (Butler , Russel, & Queen, 2012) 

(Requena, García , Requena, Bressel, Sáez-Sáez de Villarreal, & Cronin, 2012) 

(Schimiditbleicher, 1992). In fact, during a soccer match, the time limitation for the 

execution of a header does not let the players enough time to make a low squat.  

A “weak” association (r2 = 0.35) was observed between reactive strength index 

in the slow and fast SSC task (Flanagan, 2007), which suggests that, in accordance with 

the principle of specificity, there may be limited transfer of training adaptation between 

slow and fast SSC training. Therefore, slow and fast SSCs have been found to have 

independent qualities (Ham, Knez, & Young, 2007). 
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Figure 4. CoM displacement during HT. 

From a contextualized approach, when soccer players perform a vertical jump 

test with the ball presence to mimic the actual game, they spend as little time as possible 

for heading the ball. Easily explained by the presence of opponents in soccer-specific 

scenarios. 

Kinetic variables during LFC (Impulse, RFD) 

Previously, Young et al (Young, Wilson, & Byrne, 1999)described that pure 

concentric muscular actions are more related to standing VJ than RUVJ, and the 

reactive strength, is mostly related to RUVJ. These authors suggested that VJ and 

RUVJ, based on kinetic variables, depend on different performance factors. In this 

sense, this analysis was extrapolated to RUVJ and HT.  
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Figure 5. CoM displacement during RUVJ. 

Regarding negative impulse (braking force), HT recorded lower braking (49.9% 

difference) and similar acceleration (0.2%) than RUVJ. Despite obtaining less contact 

time during HT than RUVJ, the mean total force was greater in HT (10.6%). Therefore, 

higher RFD data during HT than RUVJ (59.7% difference) were obtained, which 

caused that HT exceeded the RUVJ performance. In fact, higher RFDs have been 

directly linked with better jump (McMellan, Lovell, & Gass, 2011). 

These data can be explained by the difference in contact times to apply force in 

each test. Depending on the duration of the SSC (RFD is manifested during the SSC), 

exercises are classified as either slow-SSC (≥ 250ms) or fast-SSC (≤250ms) movements 

(Turner & Jeffreys, 2010). During the HT were recorded 240±4ms, considered fast-
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SSC. On the contrary, the RUVJ was considered slow-SSC, with contact times of 

350±9ms. This finding again suggests that vertical jump assessment should be done by 

practitioners under specific conditions (i.e., HT), since when it is done with other 

standardized jumps (i.e., RUVJ) different kinematic and kinetic characteristics are 

evaluated. 

Horizontal velocity during the take-off phase 

Both jumps types displayed a decreased in horizontal velocity during LFC, 

which was accompanied by an increase in vertical velocity in order to reach the highest 

vertical jump possible. During RUVJ, CoM horizontal velocity was close to 0 m/s while 

during HT horizontal velocity was higher (76.1% difference). Accordingly, a previous 

study (Zahálka, Maly, Malá, Ejem, & Zawartka, 2017) has recently shown positive 

values of horizontal speed during the take-off phase during a volleyball-specific jump, 

when players performed a “spike jump”, and this suggested that jumping preceded by 

run-up is a typical inherent situation to the competition which causes non-purely 

vertical displacement during flight phase. In addition, this finding could be explained by 

the ecology of the tests, where the experienced players do not usually transform all the 

horizontal velocity (run-up phase) in vertical velocity (take-off phase), performing a 

parabolic CoM displacement (fig. 5) during sport-specific scenarios.  

Biomechanical differences in maximum height reached and landing phases 

Maximum height of the head reached in jumping 

Our results showed a significant difference of 4.3% in vertical jump height 

between jumping with and without a ball. In this line, Mok et al. (Mok, Bahr, & 

Krosshaug , 2016), who reported a 5.8% increase in height when the athletes reached 
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for an overhead target. This data suggest the ball as a key aspect to achieve a maximum 

jump height during the jump assessment and it should be assessed and trained in these 

specific conditions.  

Cranium angle in relation to Z-axis in maximum height reached 

Cranium angle was analyzed in relation to transverse axis angle (Z axis) at 

maximum height reached, showing a higher angle in HT than RUVJ (96.5% difference). 

This result is justified, again, by the presence of a ball, which made the players keep 

their eyes on it. A previous study (Shewchenko, Withnall, Keown, Gittens, & Dvorak, 

2005)has reported a positive head angle during different heading scenarios. According 

to these authors, the average head angle was inclined downwards (- 4 ̊to - 33 ̊) for all 

heading scenarios where there was ball contact. In this sense, a greater downward angle 

was noted for heading types involving redirection of the ball while a more horizontal 

attitude was seen for the clearing scenarios. In contrast, a slight upward orientation was 

noted for the non-impact scenario and is likely caused by the difficulty in judging the 

relative position of the head and the body in relation to an imaginary ball (Shewchenko, 

Withnall, Keown, Gittens, & Dvorak, 2005). Furthermore, previous mentioned research 

showed that clearing scenarios typically resulted in shallower ball–head angles (8 ̊ – 

45 ̊) whereas those involving greater redirection had greater angles (58 ̊ – 76 ̊). 

Torsion pelvis angle in the heel contact event  

Frame sequences during both tasks are represented in different events (fig. 2 and 

3). Specifically, in the heel contact event, HT resulted in a greater pelvic rotation 

(63.35% difference) in relation to the run-up trajectory (table 1) than RUVJ. Soccer-

specific scenarios during a match, where attention is directed to a sport-specific 

informational variable (i.e., other players, objects, sport implements, or the environment 
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itself), contribute to generate multiple movement trajectories (frontal and transverse 

plane) (DiCesare, Kiefer, Bonnette, & Myer, 2019) (Erkmen, 2009) and not only in the 

sagittal plane typically used in standardized tests. This difference suggested that RUVJ 

and HT are independent qualities from the first (CoM velocity in the initial contact) to 

the last event (heel contact). 

The main limitation of this study was not to categorize the kinetic and kinematic 

variables taking into account the player’s positions and heading target (i.e., clear, shoot, 

pass). 

CONCLUSION 

This study has confirmed the importance of the ball presence during vertical 

jump assessment in soccer players. In fact, this research showed differences between 

RUVJ and HT in all kinetic and kinematic variables analyzed. The data suggested that, 

when practitioners want to measure the jumping ability in soccer player, the ball 

presence is crucial. The HT causes an action that is closer to the real game conditions, 

and that is far from the traditional vertical jump tests used (i.e., CMJ, SJ) with soccer 

players. These findings provide new and useful information for the strength and 

conditioning professionals to design training programs and tests batteries focused on 

vertical jump with ball presence. Future studies, which analyze the vertical jump with 

the ball presence in different player’s positions and with different objectives (i.e. clear, 

pass, shoot), would shed light on the requirements of each position. 
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CHAPTER 5: RELIABILITY AND USEFULNESS OF MAXIMUM SOCCER-

SPECIFIC JUMP TEST: A VALID AND COST-EFFECTIVE SYSTEM TO 

MEASURE IN ANY SOCCER FIELD 

 

RESUMEN 

Los objetivos de este estudio fueron (a) medir la fiabilidad intrasesión e utilidad 

de un salto máximo específico de fútbol (carrera de aproximación y salto a balón, HT) y 

(b) analizar la validez de un instrumento fácil de usar y económico (cámara 

Smartphone, MOB) comparándolo con un instrumento “gold-standard” (Sistema de 

captura de movimiento 3D, MOCAP) para medir la altura de salto vertical durante el 

HT. Doce jugadores profesionales y semi-profesionales (23.9±3.6 años) se sometieron a 

3 repeticiones de HT, donde los valores cinemáticos fueron registrados con MOB y 

MOCAP. Usamos el coeficiente de correlación intraclase (ICC) y el coeficiente de 

variación (CV) para obtener la fiabilidad intrasesión. Se utilizaron la prueba T con el 

tamaño del efecto (ES) de Cohen, el coeficiente de correlación de Pearson y el análisis 

de Bland-Altman para obtener los datos de validez del MOB. Respeto a los datos de 

fiabilidad intrasesión, 1.13% de CV y 0.98 de ICC, considerados aceptables. En relación 

al criterio de validez, no hubo diferencias significativas (p<0.05; ES=0.06, considerado 

trivial), una correlación “perfecta” (Pearson) (r=0.98; p<0.05) y una fuerte concordancia 

(R2=0.046; p<0.01) fueron obtenidas entre los instrumentos MOB y MOCAP. Los 

hallazgos encontrados mostraron un test (HT) específico, usando instrumentos 

económicos, y aplicable a cualquier campo de fútbol (usando las líneas reglamentarias 

de los campos), todo ello respaldado por los criterios de fiabilidad, validez y utilidad. 

Palabras claves: Test, fútbol, medición, rendimiento, salto.  
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ABSTRACT  

The aims of this study were (a) to assess intra-session reliability and usefulness 

of the soccer-specific maximum vertical jump (heading test, HT) and (b) to analyse the 

validity of the easy-to-use and cost-effective instrument (smartphone camera, MOB) 

compared with gold-standard instrument (3D motion capture system, MOCAP) to 

obtain the vertical jump performance during HT. Twelve semi-professional and 

professional soccer male players (23.9±3.6 years) performed three HT attempts, and 

kinematic data were recorded with MOB and MOCAP. Intra-class correlation 

coefficient (ICC) and coefficient of variation (CV) were used as measures of intra-

session reliability. T-test with Cohen’s effect size (ES), Pearson’s product moment and 

Bland-Altman analysis were used to obtain MOB validity. Regarding intra-session 

reliability, the CV was 1.13%, and ICC was 0.98, considered acceptable. Respecting 

validity criteria did not reveal significant differences (p<0.05; effect size=0.06, 

considered trivial), “perfect” correlation (Pearson) (r= 0.98; p < 0.05), and strong 

agreement (Bland-Altman) (R2= 0.046; p < 0.01) were obtained between MOB and 

MOCAP. This finding showed a test (HT) with a specific character, using cost-effective 

instrument and applicable to all soccer fields (adjusted to the standardized lines in the 

soccer field), all of them backed-up by reliability, usefulness and validity criteria. 

Key words: testing, soccer, assessment, performance, jumping.    
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INTRODUCTION 

The majority of the actions performed in a soccer match are of low-intensity 

such as walking and jogging, interspersing a high number of bouts high-intensity 

exercise (Iaia, Rampinini & Bangsbo, 2009). In fact, high-intensity actions have 

increased in recent years during soccer matches, playing a decisive role in the 

competition (Barnes, Archer, Hogg, Bush & Bradley, 2014). One of the skills that 

soccer players use during a game is a jumping header, a crucial motor skill related to 

soccer. For example, some soccer players perform around 15 maximal soccer-specific 

vertical jumps (VJ) in the penalty area during a match (Bueno, 2010). Observational 

studies have reported that professional level players head the ball an average of 6-12 

times per game (Reilly, 1976; Spiotta, Bartsch & Benzel, 2012). Other studies of youth 

soccer players have found averages of 1.64 headers experienced per game for boys 

(Salinas, Webbe & Devore, 2009) and 1 for girls (Harriss, Johnson, Walton & Dickey, 

2019).  

Heading a ball is a complex skill requiring precise timing, coordination, and 

strength that may take place while running, standing, jumping forward or backward, or 

diving or when challenged by an opponent (Spiotta et al., 2012). The major objectives 

of the heading are clearing a ball as a defender, driving a ball past the goalkeeper, 

passing to a teammate, or score goals. Whereas that during the South Africa World Cup 

the 19.4% of the goals were scored by headers (Njororai, 2013), practitioners should 

consider this ability due to it could determine the match outcome. 

A previous study concluded that the maximum effective heading elevation of the 

header related to the ball speed increments and to the correct ball angles (Marcolin & 

Petrone, 2006). Therefore, the previous authors defined “elevation index” as the percent 
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ratio between the jump elevation and the anthropometric height of each subject, and the 

authors concluded that the best heading players corresponding to best elevation indexes 

and best ball speed increments (Marcolin & Petrone, 2006). This finding suggested that 

vertical jump performance (height) is a key factor for an efficient heading (Marcolin & 

Petrone, 2006; Paoli, Bianco, Palma & Marcolin, 2012).  

On the one hand, VJ tests were positively and strongly associated among each 

other, with the highest correlation coefficient values existing between the 

countermovement jump (CMJ) and VJ 1-leg (r = 0.89) (run-up with 1 leg take-off jump) 

and 2 leg (r = 0.93) tests in U-15, U-18 and adults’ soccer/basketball players 

(Rodríguez-Rossel, Mora-Custodio, Franco-Márquez, Yáñez-García & González-

Badillo, 2017). These high correlations imply that some of the simple vertical tests (i.e., 

no sport-specific skill involved) can be interchangeably used. Conversely, Requena, 

García, Requena, Bressel, Sáez-Sáez de Villarreal & Cronin (2012) showed that soccer-

specific VJ test with ball presence was either weakly or moderately related to traditional 

standing VJ tests when considering critical jump performance variables.  

The differences between these two aforementioned studies (Requena et al., 

2012; Rodríguez-Rossel et al., 2017) could be due to differences in protocol criteria and 

skills involved. Requena et al. (2012) employed soccer-specific VJ involving a run-up 

phase and ball suspended as a target overhead of the soccer player that caused a 

parabolic trajectory. By contrast, Rodríguez-Rossel et al. (2017) designed a specific 

protocol where soccer players performed run-up phase and jump without ball presence 

that caused purely vertical displacement. In this sense, previous authors considered that 

this restriction allowed a good scientific evaluation of the skill, which is likely to 

introduce less variability than jumping utilizing real movement (heading jump is 
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performed usually by parabolic trajectories). However, soccer-specific VJ with versus 

without ball presence causes a completely different movement in all kinematic and 

kinetic variables (e.g., ball presence causes an increase of 4.3% in vertical jump, shorter 

contact time and higher rate of force development compared to jump without ball 

presence) (Filter et al., 2019). This finding, to a certain extent, questioned the use of 

traditional VJ (without ball presence and run-up phase) to know jumping ability in the 

soccer player.  

Soccer-specific VJ with ball presence and run-up phase, in other words, the 

Heading Test (HT), can be measured with 3D motion capture system (MOCAP). 

However, a key drawback of this technology is the high cost. Taking as a basis the 

highlighted information, an easy-to-use and cost-effective instrument to assess HT is 

necessary for practitioners. 

One of the easiest and cheapest ways to measure performance during a HT is by 

means of a smartphone camera. Balsalobre-Fernández, Glaister & Lockey (2015) 

showed that CMJ height can be easily, accurately and reliably assessed using a mobile 

app (named: My Jump), but this can only be used to assess fully vertical displacement. 

We could not use time (s) as a unit of measure herein due to the fact that our design 

focused on a HT, where soccer players performed following a parabolic trajectory to 

reach the ball.  

The main aims of this study were (a) to assess intra-session reliability of the HT 

(soccer-specific maximum vertical jump), (b) to check the usefulness criteria, and (c) to 

analyze the validity of the smartphone camera with easy-to-use video software analysis 

(i.e., Kinovea 0.8.15 for Windows; available at http://www.kinovea.org) to obtain the 

jump height (cm) during HT. It was hypothesized that (a) HT results will show high 
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repeatability during the three proper attempts, (b) HT will achieve usefulness criteria, 

and (c) HT results using the camera of the smartphone (MOB) will be highly correlated 

with MOCAP set as the gold standard instrument. 

METHODOLOGY 

Tester 

The same tester was used throughout this research. The tester was highly 

experienced in the use of smartphone-Kinovea (MOB) for markerless movement 

analysis. The tester was also experienced with marker-based 3D motion capture system 

(MOCAP). 

Participants 

Twelve semi-professional and professional soccer male players volunteered to 

participate in the study. Their (mean ± SD) age, height and body mass were 23.9 ± 3.6 

years, 175.1 ± 5.2 cm and 71.7 ± 3.6 kg, respectively. All subjects had more than 12 

years of experience in soccer and had five training sessions and one day of competition 

per week. In order to be included in the study, subjects had to: 1. ensure regular 

participation in all the training sessions, 2. have competed regularly during the previous 

competitive season and 3. possess medical clearance. Goalkeepers were excluded from 

the investigation. All subjects were informed of the risks and benefits of the procedure 

and signed an informed consent for test participation in accordance with Research and 

Development Department of Football Science Institute (FSI). The study carried the 

approval of the FSI Committee, in accordance with the Helsinki Declaration.  
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Data collection protocol 

This study was designed to assess the absolute and relative intra-session 

reliability, usefulness of HT, and the validity (correlation and agreement) of the data 

obtained from the MOB to the MOCAP. Participants attended the Sport Science 

Laboratory on two occasions (familiarization and data collection) to participate in a 

testing session, and tests were performed under similar environmental conditions (21-22 

ºC, and 35% of relative humidity). The test session consisted of a warm-up that 

included a series of jogging, dynamic range of movement activities and sub-maximal 

HT before completing the HT. The protocol of the HT adopted the same characteristics 

as the study conducted by previous study (Requena et al., 2012) (fig. 2). All each 

subject performed three correct trials (36 jumps were analyzed), with a complete 

recovery time (2 minutes) to avoid a fatigued state. Before performing the test, we 

adjusted the ball height for each subject. The movement technique was unrestricted, 

except the run-up distance that was set up using the ball as a point of reference. Soccer-

specific VJ performance during HT was based on a reflective mark on the hip. We 

calculated the data through the use of a proper calibration of the video recorded with 

MOB and, as a reference for validation, the MOCAP.  

Heading test (HT)  

The illustration of the HT is shown in figure 2, 3a and 3b (alike conditions to 

Requena et al., 2012). A soccer ball was positioned in the middle of the testing area, 1-

m above the subject’s standing height (fig. 1). The height of the ball was chosen in 

order to extract a maximal effort from the players and to avoid contact with the ball 

during jumping. 
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Figure 1. Ball suspension apparatus attached to the goal post, and simulated apparatus. 

 

Figure 2. Graphic representation of the HT used with 5.5-m “run-up” area 17. 

All trials for the HT began from the area perimeter and were performed using a 

5.5-m run-up at a self-selected speed and number of strides. The run-up distance was 

the only limiting or restricting variable. Although maximum run-up distance was 5.5-m 

(fig. 3b), players were allowed to use less distance and to jump before. The instructions 

were: 1. Begin the run outside of the run-up testing area (5.5-m radius from the ball) 
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and 2. Perform a maximal run-up jump with the aim of heading the ball from maximum 

perceived distance using a technique that mimics actual play.  

Equipment  

The height of the soccer-specific VJ was determined using the MOCAP 

(Qualisys, AB, Gothenburg, Sweden) at a sampling rate of 200 Hz was used and MOB 

(Lenovo, Beijing, China) at a sampling rate of 30 fps (1920 x 1080 pixel). The 

Smartphone camera recordings were subsequently analyzed using the open-license 

analysis video software (Kinovea 0.8.15 for Windows). A similar device was used by 

other authors (Balsalobre-Fernández et al., 2015) to measure vertical jump performance 

through the flight time (s) variable. An instrument to suspend the ball and adjust the 

height above the soccer player head was designed and simulated in the laboratory (fig. 

1).  

Data analyses  

MOCAP and MOB use images, based on a proper previous calibration, and 

frame-by-frame analysis in order to obtain the maximum jump height recorded. 

Kinovea can complete the analysis without the use of physical sensors or by means 

reflective markers and it is uncomplicated to use. The overview function is a summary 

image of the video (fig. 4). It creates a composite picture where you can see the motion 

at a glance by sample images from the video at regular intervals. Accordingly, a 

previous study verified Kinovea has the potential to be used as a motion capture-

analysis tool and can be used in this research field (Grigg, Haakonssen, Rathbone, Orr 

& Keogh, 2017). To record more accurate movement, the subjects wore a reflective 

marker on the hip (trochanter marker) as a point of reference to calculate the height 

achieved with Kinovea (fig. 4). Regarding the space calibration, reference distance was 



 
 

 127 

obtained between trochanter maker and knee marker as constant distance. The camera 

of MOB was placed in front of the goal post, specifically on the small area line (5.5 m 

from the post and ~ 5 m from the ball), and was fixed with a tripod at a height of 1-m 

(fig. 3a). Some guidelines (from Kinovea reference guide) to reduce accuracy errors 

during MOB recording were followed: 1. lines measured must be on the same image 

plane, 2. this plane must be perpendicular to the camera axis, 3. the line segments 

(reference and measured) should be close to the center, 4. measured segments should be 

close to a reference segment, and 5. if segments are on different images of the video, the 

video must be fixed relative to its environment (no pan, no zoom). For the MOCAP 

analysis of the marker trajectories, a total of 74 markers were attached to the 

participants' body, using a full-body model (fig. 5). The distance from the lateral knee to 

the great trochanter, as well as the displacement of the latter were calculated using the 

software Visual3D (C-Motion, Bethesda, Maryland). 

 

Figure 3a. MOB data collection for HT, on a pilot basis. 
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Figure 3b. Graphic representation of the run-up displacement, on a pilot basis. 

 

Figure 4. Image analysis with MOB-Kinovea. 
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Figure 5. The 74-markers full-body model. Markers removed after calibration attempt 

are marked with circles. Markers used for analysis are marked with squares. 

Statistical Analysis 

The statistical analysis was completed using the SPSS 21.0 (Version 21, SPSS 

Inc., Chicago, IL, USA). Descriptive statistics are expressed as mean ± standard 

deviations (SD), in addition to 95% confidence limits (95% CL). The normality of the 

data distribution was checked using the Shapiro-Wilk test. 

Reliability and usefulness study statistical analysis 

A total of 36 jumps were analyzed. Absolute reliability is the degree to which 

repeated measurements vary for individuals (repeatability) and the spreadsheet of 

Hopkins was used to determine the typical error (TE) (s), expressed as a CV%. A CV of 

less than 5% was set as the criterion for reliability.  



 
 

 130 

The usefulness of the test was determined by comparing the TE to the smallest 

worthwhile change (SWC) in time for each test (Hopkins, 2004). The SWC was 

determined by multiplying the between-subject SD by either 0.2 (SWC0.2) (Hopkins, 

2004), which is the typical small effect. If the TE was below the SWC, the test was 

rated as “good”; if the TE was similar to the SWC, the test was rated as “OK”; and if 

the TE was higher than the SWC, the test was rated as “marginal” (Hopkins, 2004). 

Validity study statistical analysis 

Validity is also extremely important as it deals with the fundamental question of 

whether the test is really assessing what it purports to measure. The criterion related 

validity has been established by assessing the relationship between MOB data and 

MOCAP data using a Pearson product moment correlation coefficient with 95% CI, 

which was classified according to the criteria defined by Hopkins, Marshall, Batterham 

& Hanin (2009). Additionally, paired samples t-test with effect size (ES) (Hopkins, et 

al., 2009) and Bland-Altman plots (Bland & Altman, 1986) were calculated to compare 

two measurement techniques (MOB vs MOCAP) to obtain the agreement between both 

instruments. The level of significance was set at p < 0.05. 

RESULTS 

Reliability and usefulness study results 

All the collected outcomes presented a normal distribution (p > 0.05). 

Descriptive data of the different attempts and the TE values expressed as %CV 

calculated from three consecutive attempts are presented in Table 1. The CV was less 

than 5%, specifically 1.13%, and ICC was 0.98, considered acceptable. T-test did not 

reveal significant differences (p < 0.05; ES = 0.06, considered trivial). For HT test, the 
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TE was either below to the SWC0.2 (table 1). 

Validity study results 

Regarding the validity criterion, “perfect” correlation (Pearson) (r = 0.98; p < 

0.05) (table 2) and strong agreement (Bland-Altman) (R2 = 0.046; p < 0.01) were found 

between data obtained with the MOB and the MOCAP instruments which showed no 

heteroscedasticity in the distribution of the difference between devices as revealed by 

Bland-Altman plots (fig. 6).  

 

Table 1. Mean ± SD data of HT result as maximum height achieved with trochanter 

marker in different trials (MOCAP analysis): reliability (repeatability) and usefulness.  

Reliability analysis 

Trial 1 

(m) 

Trial 2 

(m) 

Trial 3 

(m) 

Mean ± SD 

(CI 95%) 

CV 

(%) 

ICC 

(CI 95%) 

TE (CI 95%) 

(m) 

SWC0.2 

(m) 

Rating 

1.67 ± 

0.06 

1.68 ± 

0.06 

1.68 ± 

0.07 

1.67 ± 0.06 

(1.64 - 1.71) 

0.92 0.98 

(0.95-0.99) 

0.01 

(0.01-0.02) 

 

0.02 

 

Good 

 

*Significant association (p ≤ 0.05); †Significant association (p ≤ 0.01); meter = m; 

MOCAP= Motion capture system; SD = standard deviation; CV = Coefficient of 

variation; ICC = Intraclass correlation coefficient; TE = Typical error; SWC0.2 = 

smallest worthwhile change [0.2 x standard deviation].   
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Table 2. Mean ± SD data of trochanter marker displacement during HT with MOB and 

MOCAP: validity. 

Validity analysis 

MOCAP data  

(cm) 

MOB data  

(cm) 

Mean ± SD  

(CL 95%)  

Pearson (R) 

(CL 95%) 

Bland-Altman 

(R2) 

67.06 ± 5.26  66.13 ± 4.96 68.82 ± 6.84 

(64.95-72.69) 

0.98† 

 (0.95-1) 

0.046† 

 

*Significant association (p ≤ 0.05); †Significant association (p ≤ 0.01); MOCAP= 

Motion capture system; MOB= mobile camera; cm= centimeter; CL: confidence limits.  

 

 

Figure 6. Bland–Altman plots showing the validity of MOB to assess the performance 

during a HT. Note: on the plot, the bias (mean difference) and significance (paired t-

test) of this bias are shown for each measure on both MOB-Kinovea and MOCAP 
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instruments. The continuous line on plots represents the mean bias, and the thin 

discontinuous lines on plots are limits of agreement (mean bias ± 1.96 SD of bias). 

DISCUSSION 

The results of the study confirmed the hypothesis, showing that (a) HT 

performance assessment maintained proper repeatability (intra-session reliability), (c) 

HT achieved “good” usefulness, and (c) the assessment of HT using MOB was accurate 

due to high correlation and agreement with the MOCAP.  

Reliability and usefulness criteria 

The HT measured obtained a proper repeatability (table 1). The data showed a 

%CV less than 5% (table 1), which confirms the HT repeatability. The CV attained for 

the HT was similar to other jump tests (~2.0%) that were determined to be reliable 

(Hopkins, Schabort & Hawley, 2001). Additionally, according to mentioned researches, 

the present study used a highly experienced sample, which likely contributed to achieve 

the reliability criteria. A study that analyzed the reliability of specific vertical jumps test 

in volleyball players reported similar results to those of the present study (CV = 2.1% 

and 2.8%) (Sattler, Sekulic, Hadzic & Dervisevic, 2012). Additionally, although the 

sample size for this study is relatively small (main limitation of this study), the good 

relative reliability (as reported by the ICC) (table 1) suggested that changing the sample 

size may not greatly affect the results, and thus was appropriate for this study (Buchheit, 

Lefebvre, Laursen & Ahmaidi, 2011). We found no significant differences between 

trials of the jumping test procedures, which accords with the findings of previous 

studies in which subjects had a high level of familiarity with the tests evaluated (Sattler, 

et al., 2012).  
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The CMJ and SJ tests have been used extensively, and there are several studies 

that have checked their reliability (reproducibility and repeatability) (Arteaga, Dorado, 

Chavarren & Calbet, 2000; Markovic, Dizdar, Jukic & Cardinale, 2004; Slinde, Suber, 

Suber, Edwen & Svantesson, 2008). However, the CMJ or SJ tests are standard rather 

than sport-specific jumping tests. In fact, “weak” and “moderate” relationships 

(Requena et al., 2012) were found between traditional vertical jump and HT as a result 

of the kinematic and kinetic differences caused by the ball presence (Filter et al., 2019). 

This study aims to show a soccer-specific test (HT) under contextualized approach 

(close to competition pattern movement), with players performing movement that 

mimics an actual match-play scenario, achieving the reliability criteria. A previous 

study confirmed the reliability of soccer-specific VJ test (Requena et al., 2012), and the 

authors obtained acceptable repeatability (CV = 2.5%), similar results were found in the 

present study (CV = 1.13%). In spite of the reliability of parabolic movements have 

been questioned (Rodríguez-Rossel et al., 2017), the reliability criteria have been 

achieved in this study. These data suggest that, although there is an extend inter-subject 

variability in some kinetic and kinematic variables during the HT (Filter et al., 2019), 

high experienced soccer players usually repeat the same movement pattern when they 

jump to the ball, achieving high intra-session reliability. The current study highlights 

the possibility of including a simple and reliable HT in the specific strength-power 

assessment undertaken by strength and conditioning professionals.  

In addition, the level of the test usefulness was considered. As can be seen in 

Table 1, the TE for the HT was below the SWC0.2, which provides a usefulness rating of 

“good”. This is pertinent, as within the context of this study, the results did indicate that 

the HT was a useable assessment of jump ability in soccer players. A limitation of the 
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HT is that it may not be applicable for low experienced soccer players (i.e., young 

players) who maybe increase the test variability. 

 

Validity criteria 

“Perfect” relationship obtained with Pearson correlation coefficient (r = 0.98; p 

< 0.05) and not significant differences (p < 0.05; ES = 0.06, considered trivial) between 

MOB and MOCAP data confirmed the validity and accuracy of the MOB to measure 

performance during HT (table 2). In addition, Bland-Altman plot, which compared two 

measurements (MOB versus MOCAP) of the same variable (height), confirmed the 

strong agreement. These findings suggest that although analyzing the data obtained with 

the smartphone camera (MOB) is time consuming, an easy-to-use app such as the one 

used by Balsalobre-Fernández et al. (2015) could be designed to measure performance 

during HT, which mimics the actual game action, with no relationship with traditional 

standardized vertical jump (Requena et al., 2012). In fact, the ball-presence during run-

up vertical jump causes a completely different jump pattern movement (i.e., kinematic 

and kinetic differences) (Filter et al., 2019). Thus, when compared to MOCAP, the 

MOB can be considered as a valid and cost-effective alternative to practitioners who are 

seeking to assess HT. 

The present work was not the first to verify the validity of the smartphone 

camera comparing it with MOCAP. Another work has already confirmed it (Grigg et 

al., 2017; Nor Adnan et al., 2018) and showed the capability of Kinovea to be used as a 

motion capture-analysis instrument. Some authors revealed strong agreement between 

2D (cameras with sampling rate of 60 frames per second and Kinovea software) and 3D 

(motion-capture system gold standard) measurement techniques in the sagittal plane at 

the hip (r = 0.93) and knee (r = 0.86) (Shurr, Marshall, Resch &  Saliba, 2017). The 
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authors mentioned suggested that future studies should evaluate the use of mobile 

technology in the quantification of lower extremity kinematics during functional tasks, 

in an effort to move towards an even more expedient and efficient method of 

assessment. In accordance with this suggestion, the present study confirmed that MOB, 

as a motion captures system, is valid and reliable under specific conditions (fig. 3a and 

3b). It could be concluded that this study has contributed significant and new 

knowledge about parabolic movement (HT) analysis using MOB with an image 

processing system (i.e., Kinovea). This study not only provides validity criteria for a 

cost-effective instrument (MOB), but also shows the reliability and usefulness of 

soccer-specific test (HT) that changes in this test could be directly related to changes in 

soccer-specific actions during the match (i.e., heading a ball). 

CONCLUSION 

The current study confirmed the hypothesis: (a) the HT achieved the reliability 

criteria (intra-session), (b) the HT obtained “good” usefulness, and (c) MOB is a valid 

instrument to measure HT. This finding showed a proper test for soccer players (HT), 

with a specific character (i.e., ball-presence, run-up phase, parabolic trajectory, 

unrestricted movement), using a cost-effective instrument, and applicable to all soccer 

fields (adjusted to the standardized lines in the soccer field), all of them backed-up by 

reliability, usefulness, and validity criteria. Practitioners should include the HT in the 

test batteries with the aim to know the authentic soccer player jumping ability, due to 

the relevance during the competition (~20% goals were scored by header), and the 

biomechanical (i.e., kinematic and kinetic) differences with other traditional 

standardized vertical jumps.  
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CONCLUSIÓN “CHAPTER 2”  

 

Nuevo test de esprín en curva en jugadores de fútbol: fiabilidad y relación con el 

esprín lineal  

 
 Los principales hallazgos de este estudio fueron los siguientes: (a) se 

confirmaron los criterios de fiabilidad de una prueba de esprín de curva universalmente 

estandarizada (que utiliza el arco del área con un radio de 9.15 como “línea guía”) en 

jugadores de fútbol, y (b) el rendimiento del esprín en curva mostró una relación 

limitada con el rendimiento del esprín lineal de la misma longitud (17m), lo que sugiere 

que las habilidades de esprín en curva y línea recta son cualidades físicas diferentes. 
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CONCLUSIÓN “CHAPTER 3” 

 

Esprín en curva en fútbol: análisis cinemático y neuromuscular 

 Los jugadores de fútbol obtuvieron rendimientos similares durante el esprín en 

curva hacia el lado “bueno” y el esprín lineal. La IL mostró un FCT mayor en curva que 

en el esprín lineal, y también la IL registró un FCT mayor durante el lado “débil” que 

durante el lado “bueno” de la curva. Durante los esprines curvos, la actividad EMG de 

le IL fue mayor en ST y ADD que en la OL, y por el contrario, la actividad EMG de la 

OL fue mayor en GMed y BF que en la IL. Por último, los datos muestran que la IL se 

ve más afectada (más cambio de FCT) por el cambio de la recta a la curva, y del lado 

“bueno” al lado “débil”. Por lo tanto, se recomienda encarecidamente a los entrenadores 

de fútbol que incluyan estrategias específicas de entrenamiento de sprint en curva en sus 

rutinas de entrenamiento, especialmente con el propósito de mejorar la eficiencia 

mecánica de la IL (es decir, aumentar su capacidad para aplicar fuerza en tiempos más 

cortos). Según nuestros datos, esta pierna (IL) posiblemente juegue un papel clave 

limitando la velocidad de carrera durante los esprines curvilíneos. Estos hallazgos deben 

confirmarse con estudios adicionales, preferiblemente usando equipos capaces de medir 

y recopilar datos cinéticos. 
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CONCLUSIÓN “CHAPTER 4” 

 

La importancia de la presencia del balón en la medición del salto en el fútbol: 

análisis cinético y cinemático 

 Este estudio ha confirmado la importancia de la presencia del balón durante la 

medición del salto vertical en jugadores de fútbol. De hecho, esta investigación mostró 

diferencias entre RUVJ y HT en todas las variables cinéticas y cinemáticas analizadas. 

Los datos sugirieren que, cuando los profesionales quieran medir la capacidad de salto 

en un jugador de fútbol, la presencia del balón es crucial. El HT provoca una acción 

cercana a las condiciones reales del juego, y alejada de los test tradicionales de salto 

vertical utilizados (es decir, CMJ, SJ) en los jugadores de fútbol. Estos hallazgos 

proporcionan información útil para que los profesionales diseñen programas de 

entrenamiento y realicen baterías de test centradas en el salto vertical con presencia de 

balón. Los futuros estudios deberían analizar el salto vertical con presencia de balón en 

jugadores de diferentes categorías, posiciones de juego y con diferentes objetivos (es 

decir, despejar, pasar, disparar).  
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CONCLUSIÓN “CHAPTER 5” 

 

Fiabilidad y utilidad de la prueba máxima de salto específica de fútbol: un sistema 

válido y rentable para medir en cualquier campo de fútbol 

 Este estudio confirmó la hipótesis: (a) el HT superó los criterios de fiabilidad 

(intrasesión), (b) el HT obtuvo un dato utilidad “bueno”, y (c) el MOB es un 

instrumento válido para medir la altura de salto en el HT. Estos hallazgos mostraron un 

test (HT) con carácter específico (es decir, presencia de balón, fase de carrera de 

aproximación, trayectoria aérea parabólica, movimiento sin restricciones), usando 

instrumentos rentables y aprovechando las líneas reglamentarias del campo (aplicable a 

cualquier campo de fútbol) para medir la altura de salto en jugadores de fútbol, todas 

ellas respaldadas por criterios de fiabilidad, utilidad y validez. Los profesionales 

deberían incluir el HT en las baterías de test con el objetivo de conocer la auténtica 

capacidad de salto del jugador de fútbol, debido a su relevancia durante la competición 

(~20% de los goles se marcaron cabeceando el balón) y las diferencias biomecánicas (es 

decir, cinemáticas y cinéticas) con respecto a un test de salto vertical tradicionalmente 

utilizado. 
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     The curved sprint and the soccer-specific jump maneuvers are two crucial actions during a 
soccer match. In fact, both actions have a great impact on the final outcome. The main 
aim of this investigation was to bring the soccer players' assessment closer to the authenticity of the
competition, in pursuit of a more specific and ecological approach. In this sense, kinematic,
kinetic and neuromuscular variables have been analyzed during the last years in both
the curved sprint action and the soccer-specific jump maneuver. The thesis chapters report data that
shshow the high reliability and usefulness of the newly designed tests, with an applicability to
any soccer field due to the use of the field lines (FIFA official dimensions) as a reference for
the test measurement.


