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RESUMEN

El proceso de identificacion de talentos deportivos y su desarrollo juegan un
papel fundamental en la busqueda de la excelencia deportiva. Los atletas se
caracterizan por una combinacién de caracteristicas antropométricas, composicion
corporal y somatotipo que se cree que influyen en la probabilidad de éxito en un
deporte determinado. Dada la importancia de estas variables corporales junto con la
nutricién para el rendimiento y la salud del deportista en un deporte determinado, es
necesario determinar los perfiles antropométricos y nutricionales de deportistas de elite
con el fin de conocer y establecer un marco de referencia que ayude a los
entrenadores a la identificacién de talentos para una especialidad deportiva, asi como

para mejorar el rendimiento de los atletas a la vez que mantienen un estado saludable.

En este contexto, el objetivo general de esta Tesis Doctoral fue determinar las
caracteristicas antropométricas, la composicion corporal y el somatotipo de deportistas
de elite de algunas especialidades, asi como establecer relaciones con determinados

aspectos nutricionales relacionados con el rendimiento deportivo.

Los principales hallazgos y conclusiones fueron: a) se han utilizado una
variedad de técnicas antropométricas en la identificacién de talentos en diferentes
tipos deportes; b) se han descrito las caracteristicas antropométricas, la composicion
corporal y el somatotipo de los jugadores junior de tenis de elite; ¢) no se observaron
diferencias significativas en ningun item medido entre los jugadores mejor clasificados
y el resto, no siendo asi en el caso de las tenistas; d) se ha establecido una tabla de
perfil antropométrico para los jugadores de tenis de elite; €) se ha descrito el perfil
antropométrico de los ciclistas de bicicleta de montafia Olimpica de diferentes niveles
competitivos; f) existen diferencias fisicas entre los ciclistas de bicicleta de montafia en
funcion del nivel competitivo; g) Los habitos alimentarios de los ciclistas de categorias
cadete/junior de la seleccion espafiola de bicicleta de montafia no son los mas
adecuados. Se requiere un mayor trabajo de formacion, control y orientacion
nutricional, especialmente en los mas jovenes; h) se ha descrito la ingesta nutricional,
la composicién corporal y el perfil bioquimico de ciclistas profesionales durante una
carrera de cuatro etapas; i) la ingesta de todos los micronutrientes durante la carrera
de cuatro etapas excedieron las recomendaciones dietéticas, excepto en el caso del
folato y del potasio; j) se observaron modificaciones en la composicién corporal y en
los parametros bioquimicos de los ciclistas profesionales en una prueba de cuatro

etapas.

15






SUMMARY

Sport talent identification process and its development play a key role in the
seek of sport performance excellence. Athletes are characterized by a combination of
anthropometrical characteristics, body composition and somatotype, that are believed

to affect success probability in specific sports.

Because of the importance of these body variables together with nutrition to get
the best development of performance and health status in an specific sport, it is
necessary to determine the anthropometrical and nutritional profiles in elite athletes
with the aim of knowing and establishing a reference framework that could help the
coaches in the talent identification process, as well as to improve athletes’ performance
and also to maintain their health status.

In this context, the general aim of this PhD dissertation was to determine the
anthropometrical characteristics, body composition and somatotype of elite athletes in
some sport specialties, as well as to establish relations with certain nutritional aspects

related to sport performance.

The main findings and conclusions were: a) a variety of anthropometrical
techniques have been used for talent identification in different sports; b) the
anthropometric characteristics, body composition and somatotype of elite junior tennis
players are presented; c) no significant differences were observed in any measured
item for the males between the first and the lower ranked elite male junior tennis
players, although his was not the case of the female in which significant differences
were observed; d) anthropometric profile charts for elite junior tennis players are
established; e) the anthropometric profiles of male Olympic cross country mountain
bikers at different competitive levels are presented; f) physical differences in Olympic
cross country mountain bikers have been observed according to their competitive
levels; g) feeding habits of the cadet/junior cyclists of Spanish national mountain bike
team are considered inadequate. It is recommended specific work on nutritional
formation, control and orientation, especially with the youngest; h) the nutritional intake,
body composition, and biochemical profile of the professional cyclists in a four-stage
race are presented; i) intake of all micronutrients, except for folate and potassium,
exceeded the recommended dietary allowances; j) variations in body composition and

biochemical parameters were observed in a four stage professional cycling tour.
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INTRODUCCION

Con la evolucion del deporte competitivo y la gran profesionalizacién en los
ultimos afios, asi como la busqueda de la excelencia, el proceso de identificacion de
talentos deportivos y su desarrollo juegan un papel crucial, fundamentalmente en
determinados deportes (gimnasia, natacién,...) en los cuales es importante que el
talento sea identificado de forma temprana en la carrera deportiva [5, 32]. Los
elementos que forman parte del proceso de identificacién de talentos y que se han
reconocido para programas de éxito son los siguientes [2]: 1) el conocimiento de los
aspectos importantes para el éxito en la competicion; 2) la recogida de un conjunto de
datos sobre un deportista; 3) la recopilacién de un conjunto de datos normativos o
comparativos; 4) el uso de estos datos para construir un perfil especifico de un atleta y
5) la interpretacién del perfil para guiar el proceso de seleccion o servir de base para

un programa de entrenamiento en marcha.

Los programas de identificacion de talentos suelen monitorizar varios aspectos,
uno de los cuales se desarrolla mediante la cineantropometria, entendida como el
estudio del tamafio humano, la forma, la proporcién, la composicién y la maduracion
para ayudar en la evaluacion del crecimiento y de los efectos del ejercicio, el
rendimiento y la nutricion [13]. Los atletas se caracterizan por una combinacion de
caracteristicas de composicién corporal / tamafio corporal que se cree que influyen en
la probabilidad de éxito en un deporte determinado [36]. También esta claro que el
éxito en el deporte es multifactorial [35, 41] y que el valor de las medidas
antropométricas para ayudar en la identificacion del talento o prediccion del éxito varia
entre deportes [8, 9, 14] y dentro de un mismo deporte [27, 30, 45]. Por ello, es
evidente que la mediciéon cineantropométrica es una herramienta crucial en la
busqueda de informacion para asistir a los entrenadores y atletas en la obtencion del

éxito al mas alto nivel en el deporte, sirviendo de referencia sobre el resultado del
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entrenamiento realizado (por ejemplo para comprobar si se aumentan o disminuyen
fundamentalmente los componentes graso y/o muscular y en qué medida absoluta y/o

relativa) [12, 16, 33].

Desde hace décadas, un gran numero de estudios han determinado los perfiles
antropomeétricos, fisicos y motores de atletas de diferentes deportes [4, 23, 37, 42, 43],
siendo relacionados algunos de ellos con parametros de rendimiento con el fin de
determinar los mejores predictores de rendimiento en dichas especialidades [3, 16, 21,
34]. Estos parametros de rendimiento antropométricos deben ayudar a los
entrenadores y preparadores fisicos para definir una base objetiva para la
identificacion de talentos y ofrecer perspectivas de entrenamiento para la obtencion del
mejor desempefio. Por otro lado, estos valores criterios que determinan el rendimiento
deberian permitir reorientar al atleta hacia una practica deportiva en otra disciplina
dentro del mismo deporte o incluso hacia otros deportes para los cuales podria
conseguir la excelencia. Por ello, es importante conocer cuales son los atributos
antropométricos, de composicién corporal y del somatotipo predictores del rendimiento
deportivo en determinadas especialidades investigadas en jévenes deportistas
(Aportacion 1), asi como determinar aquellos perfiles de deportes que aun no han sido

analizados (Anexo) o teniendo en cuenta el nivel de rendimiento (Aportacion II).

Las primeras investigaciones del ambito asociaron la naturaleza hereditaria de
caracteristicas fisiologicas, antropométricas y psicologicas con el rendimiento
deportivo [10, 11]. Estos estudios determinaron las caracteristicas antropométricas de
los atletas olimpicos y se abogd por una estrecha relaciéon entre las caracteristicas
fisicas y eventos olimpicos especificos. De acuerdo con esta linea de trabajo es
posible determinar los perfiles antropométricos, de composicion corporal y del
somatotipo de deportistas de elites adultos y relacionarlos con el nivel de rendimiento
para conocer los predictores de rendimiento en el deporte participante (Aportacion

lll). Estos perfiles también seran de ayuda a entrenadores y preparadores para la
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orientacién del entrenamiento para alcanzar los valores éptimos en las variables
predictores de la excelencia en el caso que sea posible y de interés en funcion del

momento de la temporada deportiva.

Por otro lado, se ha demostrado que una nutricion adecuada, junto con la
composicion corporal, juega un papel clave en la optimizacion del rendimiento
deportivo y en el mantenimiento de la salud [24, 28, 39]. El conocimiento y la
evaluacion precisa de los habitos alimentarios y de la ingesta dietética de los atletas
en los diferentes deportes durante el entrenamiento y la competicion es necesario para
comparar la energia ingerida, los nutrientes y la hidratacion con las recomendaciones
para el deporte en cuestion [7, 19] y proporcionar un asesoramiento y planteamiento
nutricional adecuado. Para ello, numerosos estudios han evaluado y determinado el
perfil nutricional de los atletas de diferentes actividades deportivas [6, 15, 18, 20, 26,
44], siendo necesario investigar lo que ocurre en otros grupos de atletas para optimizar
el rendimiento deportivo en el entrenamiento (Aportacion IV) y la competicion
(Aportacion V), para asi mantener el estado de salud y que el mejor rendimiento
deportivo pueda ser alcanzado. Las propuestas nutricionales para deportistas de alto
rendimiento se deben realizar utilizando los resultados de investigaciones llevadas a
cabo en circunstancias similares a las de entrenamiento y competicion de estos
deportistas, dependiendo las necesidades nutricionales y la ingesta calérica en funcién
del momento de la temporada en la que se encuentre o los tipos de entrenamiento o
competicion a desarrollar. Existen diferentes métodos para evaluar el estado
nutricional de un individuo, entre las que se encuentra la valoraciéon de la composicion
corporal, asi como un consenso de que debido a su complejidad, la combinacién de
diferentes métodos asegura una obtencion de datos utiles y fiables para saber como

proceder en la intervencion dietética y nutricional [29].

Por ultimo, la composicion corporal es un factor que puede influir en el

rendimiento deportivo y en la salud del deportista [1], con lo cual es de gran interés
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para los atletas y entrenadores. En cuanto al rendimiento, en muchos deportes el peso
corporal y la composiciébn corporal son variables de rendimiento cruciales,
fundamentalmente en los deportes gravitacionales y de resistencia, donde el exceso
de peso corporal se asocia con una desventaja competitiva [22, 31, 40]. Lo mismo
ocurre en aquellos deportes en los que las categorias de competicion se determinan
en base al peso corporal de los deportistas [38]. En el ambito de la salud, un bajo peso
y/o baja grasa corporal son factores de riesgo para la salud de los deportistas, mas
aun cuando se combinan con una dieta extrema y trastornos de la alimentacion.
Ademas, los deportistas que mantienen una baja ingesta de energia durante un tiempo
pueden tener deficiencias de nutrientes, fatiga crénica y un mayor riesgo de
infecciones y enfermedades, lo cual favorece un potencial dafio para la salud y una
reduccion del rendimiento. Por ello, por un lado es importante saber cémo varian los
diferentes componentes de la composicién corporal con la edad, el sexo, el estado de
madurez, asi como conocer la influencia del entrenamiento sistematico y el momento
de la temporada, siendo muy importante tener la capacidad de evaluar la composicién

corporal del atleta con exactitud, precision y fiabilidad.

Desde principios de la década de 1980, se han propuesto una gran variedad de
técnicas y métodos para estimar la composicion corporal, pero todas tienen algunos
problemas inherentes, ya sea en la metodologia de medicién, en la interpretacion de
los datos o en los supuestos que las fundamentan, no existiendo a dia de hoy una
metodologia de aplicacion universal. Uno de los métodos de valoracion de la
composicion corporal mas usados es el método antropométrico, debido a su bajo
costo, a su relativa facilidad en la toma de datos y a la posibilidad de realizar la toma
de datos en el lugar de entrenamiento o competicién [1]. Es un método practico y
requiere un equipo limitado, dependiendo su mayor fiabilidad del correcto
entrenamiento de los técnicos y que los protocolos estén bien estandarizados, como

es el caso del protocolo cada vez mas utilizado y globalizado de la ISAK (Sociedad

22



Internacional para el Avance de la Cineantropometria) [25]. El error de medicion se
debe en parte al instrumental utilizado y a la ecuacion utilizada para determinar la
densidad corporal, a través de la cual se estima el porcentaje de grasa corporal.
Ademas, uno de los mecanismos para reducir el error de medicion es el uso de los
datos en bruto como los pliegues cutaneos individuales, la suma de los pliegues
cutaneos o ratios de pliegues cutaneos. Existen otros métodos de laboratorio para la
evaluacion de la composicién corporal, pero el costo y las limitaciones técnicas de la

metodologia necesaria a menudo limitan su aplicabilidad en el ambito deportivo.
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INTRODUCTION

The evolution of competitive sport and the professionalization reached in the
latest years, as well as the seek of performance excellence, the process of talent
identification in sport and its development, play a crucial role especially in some sports
(gymnastics, swimming...) in which it is very important that this talent identification is
done the sooner possible [5, 32]. The elements that are part of talent identification and
that have been recognized in successful programs are the following [2]: 1) knowledge
of the most important factors associated with success in sport competitions; 2)
collection of data of the athlete; 3) collection of a database that are normative and
reference; 4) the use of data to build a specific profile of an athlete; 5) the interpretation
of the reached profile to guide the process of selection or to serve as the base for a

training program going on.

Talent identification programs use for monitoring various aspects, one of them
is the one developed by kineanthropometry, as the study of the human size, form,
proportion, composition and maturity to help in the assessment of the growth and the
effects of exercise, performance, and nutrition [13]. Athletes are characterized by a
combination of characteristics of body composition/size that are believed to affect the
probability of success in a specific sport [36]. It is also clear that sport success is
multifactorial [35, 41] and that the value of anthropometrical measurements that can
help in talent identification or to predict sport success may vary among sports [8, 9, 14]
and within a specific sport [27, 30, 45]. So, it is evident that kineanthropometrical
measurement is a crucial tool to assess and assist coaches and athletes in the seek of
sport success at the highest level, serving as a reference of the result of developed
training (for example to analyse if there has been an increase or decrease of fat and/or

mass components and in which absolute and/or relative quantity) [12, 16, 33].
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Decades ago, a great number of studies have determined anthropometrical,
physical and motor profiles of athletes of different sports [4, 23, 37, 42, 43], being those
related to other performance-related parameters with the aim of determining the best
predictors of the best performance in each sport or discipline [3, 16, 21, 34]. These
anthropometrical parameters should help the coaches and physical trainers on defining
objectively talent identification and offering training perspectives to obtain the best
result. Also, these values and information that determine performance should allow the
athlete to be directed to a specific sport practice or another discipline within the same
sport, or even to a completely different sport in which the athlete could apply his/her
more suitable potential characteristics that theoretically would match better with the
sport requirements. So, it is important to know which are the anthropometrical
characteristics, body composition and somatotype as predictors of sport success
among specific sports in young athletes (Contribution 1), as well as to determine those
profiles in sports that have not been studied in the past (Annex), or taking into account

performance level (Contribution II).

The pioneer investigations in the matter associated hereditary characteristics
such as those physiological, anthropometrical, and psychological, to sport performance
and success [10, 11]. Those studies determined anthropometrical characteristics of
Olympic athletes suggesting there was a close relationship between them and specific
Olympic events. In agreement with this, it is possible to determine anthropometrical,
body composition and somatotype profiles of elite adult athletes to know the predictors
of sport performance and success in specific sports (Contribution Ill). These profiles
would be helpful also for coaches and physical trainers in their training orientation
process to reach the optimal values in the predictor variables of excellence (in the case

this is possible), and of interest in relation to the specific moment of the season.

On the other hand, it has been demonstrated that an appropriate nutrition,

together with a body composition assessment, plays a key role in the optimization of
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sport performance and in the maintenance of health status [24, 28, 39]. The knowledge
and precise evaluation of the feeding patterns and food ingestion of the athletes in
different sports during training and competition, is necessary to check energy intake,
nutrients, and hydration recommended for the specific sport and specific athlete [7, 19]
to guide the best nutritional program possible. For this purpose, several studies have
evaluated and determined the specific nutritional profile in varying sports [6, 15, 18, 20,
26, 44], showing that it is necessary to investigate what is going on in other sports and
athletes to improve sports performance during training (Contribution 1V) and
competition (Contribution V), so that health status can be maintained and the better
performance can be reached. Nutritional proposals for high performance athletes
should be done using the previous research developed in similar circumstances to
those during training and competition for these kind of athletes, depending on
nutritional requirements and calorie intake on the base of the moment of the season in
which training load and content during training and/or competitions is being done.
There are several methods to assess nutritional status of an individual, among we
highlight body composition assessment, and the consensus that, because of its
complexity, the combination of different methods guarantees a useful and reliable data

collection to know how to proceed in the nutritional intervention [29].

Finally, body composition is a factor that may affect sport performance and also
athlete’s health status [1], so this variable it is of great interest for athletes and
coaches. Regarding sport performance, in many sports body weight and body
composition are crucial performance variables, mainly in those sports in which gravity
and endurance take part, where a higher body weight is associated with a performance
disadvantage [22, 31, 40]. Also, it is of great interest in those sports in which competing
categories are decided taking into account body weight [38]. In the field of health, too
low body weight and/or body fat are risk factors of their health, especially in

combination with an extreme diet and/or eating disorder. Also, athletes that maintain a
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low energy ingestion among time could have deficiencies of nutrients, chronic fatigue,
and a higher risk of illness or infection process. So, it is important to know how body
composition components vary with age, sex, maturity, as well as to know how the effect
of a systematic training among the season, being very important to know how to

evaluate body composition of the athlete with validity, reliability, and precision.

Since the 1980s, a great variety of techniques and methods to estimate body
composition have been proposed, but all present inherent problems in measurement
methodology, data interpretation, or in the foundations that sustain them, so that there
is no nowadays a single and universal methodology. In this regard, one of the most
used methods to assess body composition is the anthropometrical method, because of
its low cost, relative easy data collection, and the possibility to repeat measurements
as many times required and in the place that athletes train or compete -almost
anywhere- [1]. This is a practical method that requires a few and relatively cheap tools,
which reliability depends more in the appropriate training of the observers and the use
of the standardized protocols like the one of ISAK (International Society for the
Advance of Kineanthropometry) that is taken as the globalized “gold standard” [25].
Also the error of measurement in part could be due to the tools used, and later to the
equation used to calculate body density that is used to estimate the percentage of body
fat. Also, one of the mechanisms to reduce the measurement error is the use of the raw
data like each skinfold, the sum of skinfolds or the ratio of skinfolds. There are other
laboratory methods to assess body composition, but the cost and technical limitations

of the methodology needed is many times a problem to apply them in the sport context.
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OBJETIVOS

General:

El objetivo general de esta Tesis Doctoral fue conocer las caracteristicas
antropométricas, la composicién corporal y el somatotipo de deportistas de elite de
algunas especialidades, asi como establecer relaciones con determinados aspectos

nutricionales relacionados con el rendimiento deportivo.

Especificos:

e Exponer algunas de las técnicas cineantropométricas que se utilizan en la
identificacion de talentos con alguna evidencia de como han sido utilizadas en una

variedad de deportes (Aportacion I).

o Describir las caracteristicas antropométricas, la composicion corporal y el
somatotipo de jugadores junior de tenis de elite (masculinos y femeninos)

(Aportacion II).

e Comparar los datos antropométricos, la composicién corporal y el somatotipo de
los 12 primeros jugadores de tenis de elite en el ranking con los ranqueados mas

bajos (Aportacion II).

o Establecer una tabla de perfil antropométrico para jugadores de tenis de elite

(Aportacion II).

o Describir el perfil antropométrico de los ciclistas de bicicleta de montafia olimpica

(Aportacion IlI).

e Comparar las caracteristicas antropométricas, la composicion corporal y el
somatotipo de ciclistas de bicicleta de montafia olimpica de diferentes niveles
competitivos, con el fin de determinar alguna variable predictor del rendimiento

(Aportacion lil).

e Determinar los habitos alimentarios de los ciclistas de la seleccion espafiola de

bicicleta de montaria (Aportacion V).
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Describir la ingesta de alimentos, la composicion corporal y el perfil bioquimico de

ciclistas profesionales durante una carrera de cuatro etapas (Aportacion V).

Evaluar la adecuacion de la ingesta de nutrientes en relacién con las

recomendaciones actuales para los atletas de resistencia (Aportacion V).

Analizar los cambios corporales y bioquimicos de ciclistas profesionales en una

carrera de cuatro etapas (Aportacion V).
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AIMS

Overall:

The overall aim of this PhD Thesis was to determine the anthropometric
characteristics, body composition and somatotype of elite athletes in some sport
specialties, as well as to establish relations with certain nutritional aspects related to

sport performance.

Specific:

e To cover some of the kinanthropometry techniques that are used in the talent
identification with some evidence of how they have been used in a variety of sports
(Contribution I).

e To describe the anthropometric characteristics, body composition and somatotype

of elite male and female junior tennis players (Contribution II).

e To compare the anthropometric data, body composition and somatotype of the first
12 elite junior tennis players on the ranking with the lower ranked players
(Contribution II).

e To establish an anthropometric profile chart for elite junior tennis players
(Contribution II).

e To describe the anthropometric profile of male Olympic cross country mountain
bikers (Contribution IlI).

e To compare the anthropometric characteristics, body composition and somatotype
of male Olympic cross country mountain bikers at different competitive levels, with
the aim of determining anthropometric predictor variables of performance
(Contribution IIl).

e To determine the feeding habits of the cyclists of the Spanish mountain bike

national team (Contribution IV).

e To describe the food intake, body composition, and biochemical profile of

professional cyclists during a four-stage race (Contribution V).
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To evaluate the adequacy of nutrient intake in relation to the current

recommendations for endurance athletes (Contribution V).

To analyze body and biochemical changes of professional cyclists in a four-stage
race (Contribution V).
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MATERIAL, METODOS, RESULTADOS Y DISCUSION

Los apartados “Material y métodos”, “Resultados” y “Discusion” se presentan a
continuacién en cada una de las aportaciones que componen la memoria de la

presente Tesis Doctoral.
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MATERIAL, METHODS, RESULTS AND DISCUSSION

Sections “Material and methods”, “Results” and “Discussion” are presented

below for each contribution that constitutes the present Doctoral Thesis.
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Chapter 114
Anthropometric Variables and Its Usage
to Characterise Elite Youth Athletes

Cristébal Sdanchez-Muroz, Mikel Zabala, and Karen Williams

Abstract Talent identification programs usually monitor several parameters, once of which is
kinanthropometry. There are a variety of anthropometric techniques that are used in talent identifi-
cation. With respect to youth sport performance, the focus of this chapter was upon the use of tech-
niques to assist with talent identification and performance within the adolescent (from 8—18 years
for girls and 10-22 years for boys) phase of growth as competitive sport is not a regular occurrence
in children <8 years old. Using evidence from a variety of studies, information has been provided
about how sports have used kinanthropometry for talent identification purposes taking into consid-
eration physical growth and maturation, absolute size and proportionality, somatotyping and body
composition. The sports covered include individual sports (cycling, figure skating, gymnastics, rock
climbing, track and field), field sports (cricket, hockey, soccer), contact team sports (American foot-
ball, Australian rules football, rugby), court sports (badminton, basketball, handball, netball, tennis,
volleyball), weight classified sports (judo, tackwondo, sumo wrestling, weightlifting) and water
sports (rowing, sprint kayaking, swimming). Athletes are characterised by a combination of body
composition/body size traits which are believed to influence the chance of success in any given sport
therefore it is suggested that the measurement of kinanthropometry is a crucial tool in the search for
information to assist coaches and athletes in the quest for success at the highest level in sport.

Abbreviations

ADP Air displacement plethysmography
ARF Australian Rules Football

BIA Bioelectrical impedance analysis
BMI Body mass index

% BF  Percentage body fat

% MM  Percentage muscle mass

C Swimming economy
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DXA Dual-energy X-ray absorptiometry
FFM  Fat free mass

H-C  Heath-Carter method

SK Skinfold

114.1 Introduction

Ackland (2006) has written extensively about the talent identification process and has identified the
following elements for successful programmes: (1) understanding the important aspects for success
in competition, (2) recording a set of data on an athlete, (3) gathering a set of normative or compara-
tive data, (4) using these data to construct a profile of an athlete and (5) interpreting the profile to
guide the selection process or provide the basis for an ongoing training program.

Talent identification programs usually monitor several parameters, once of which is kinanthro-
pometry. This is the study of human size, shape and form and how those characteristics relate to
human movement and sporting performance (Eston and Reilly 2009). Ackland (2006) believes that
the elements outlined above have not always been used in the most effective manner, with some
talent identification programs running a large battery of tests without the importance of the selected
parameters being taken into consideration. It is thought that, in certain situations, it may be better
to measure fewer, but more discriminatory, variables. This is an approach which should be consid-
ered in the measure of anthropometrical measures, given the depth and breadth of techniques avail-
able. The aim of this chapter is to cover some of the kinanthropometry techniques that are used in
the talent identification with some evidence of how they have been used in a variety of sports. For
the purposes of its relation to youth sport and performance, the focus will be upon the techniques
used within the adolescent (from 8 to 18 years for girls and 10 to 22 years for boys) phase of
growth as competitive sport is not a regular occurrence in children <8 years old (Barker et al.
2009) (Table 114.1).

Table 114.1 Key features of Kinanthropometry

1. Kinanthropometry is the study of human size, shape, proportion, composition and maturation to assist in the
evaluation of growth and of the effects of exercise, performance and nutrition.

2. Kinanthropometry utilises a combination of anatomy and movement from which data are collated and body
composition predictions applied to the measurement and description of the human physique.

3. Growth is a reference to the increase in size of the body as a whole or the size attained by the specific parts of the
body.

4. Maturation is the process of achieving a fully mature biological state.

5. There is a possibility that training for sport can accelerate growth and maturation; however, there are also
concerns about the possible negative effects of rigorous training on growth and maturation, particularly in
females compared to males.

6. Size and proportionality can play a fundamental role in selection, particularly when considering height and
weight.

7. Talent ID generally monitors morphological and skeletal maturation status in young athletes; however, there are a
number of growth spurts and plateaus which can affect both selection and performance.

8. The shape and proportions of an athlete are an important feature in talent identification; therefore, to increase
the chance of success in sport, children should be directed towards sports for which they are physically
suited. This is referred to as “morphological optimisation.”
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114.2 Physical Growth and Maturation

Growth is a reference to the increase in size of the body as a whole or the size attained by the specific
parts of the body. The growth of the whole body is usually measured by assessment of changes in
stature or by assessment of the specific parts of the body using appropriate anthropometric techniques
(Beunen 2009). Maturation is the process of achieving a fully mature biological state. The predomi-
nant types of maturation that are monitored during talent identification are morphological and skeletal.
The rate of development can differ significantly between individuals; however, selection bias of early
maturers is a common occurrence in selection for sport based upon chronological age (Helsen et al.
2005). Rowley (1987) believed that, to be successful in sport at an international level, intensive train-
ing must begin before puberty. What must be considered, however, is the average age of elite competi-
tion. For example, gymnasts normally peak in their performance around 16 years of age compared to
weightlifters who tend to peak around 30 years of age. This will affect the intensity and volume of
training from a young age and can affect selection. It is believed that training for sport is important to
support normal growth and maturation, although it has also been suggested that training for sport can
accelerate growth and maturation (Malina et al. 2004). Moreover, there is concern about the possible
negative effects of rigorous training on growth and maturation, particularly in females compared to males.

114.3 Size and Proportionality

With respect to success in specific sports, proportionality can play a fundamental role in selection.
Height and body mass are two of the main discriminatory factors in selection for sport and subse-
quent success for both individual and team sports (see Tables 114.2—-114.4). When considering
height, there are two factors to consider. The first is success at sport during childhood, whereby, in
the majority of sports, taller athletes are generally the more successful, although there are exceptions
to this, such as in gymnastics, where a shorter stature is regularly a discriminatory factor (Malina
et al. 2004). The second factor is prediction of adult height for talent identification. During adoles-
cence, which is the growth phase we are concentrating on for this chapter, growth is fairly unstable.
There are a number of growth spurts and plateaus which can affect both selection and performance.
To attempt to overcome these, predictions of adult height have been developed and used through the
years (Lowery 1978; Sherar et al. 2005).

Table 114.2 Key features of Somatotyping

1. Somatotyping is a method whereby the body is described in terms of a number of traits that have a relation to
body shape and composition.

2. Itis a classification of three empirically determined and visually rated extremes of body build.

3. A somatotype of an athlete consists of a three-numeral rating, which describes the current morphological

representation of an individual.

The three numerals represent the three components of the physique, endomorphy, mesomorphy and ectomorphy.

Endomorphy is a general indicator of an individual’s adiposity level or “roundness.”

Mesomorphy refers to the level of muscularity of an individual.

Ectomorphy is considered to be an indicator of linearity of an individual.

The higher the rating of each component, the more prevalent it is in an individual.

The results of somatotyping can be plotted on a somatochart, which allows the comparison between

individuals and/or sports.

R A
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Table 114.4 Key features of body composition

1. Body composition is defined as the division of the relative percentages of body weight into several compart-
ments, according to definable tissues.

2. Usually, body composition is expressed as a two-compartment model in which the body is divided into fat and
fat-free compartments. A four-compartment model divides the body into a fat portion, and further subdivides the
fat-free portion into bone, muscle and the remainder (organs, nerves, blood, vessels and fluids).

3. Body composition measurements are applied regularly in a variety of fields including medicine, anthropology,
ergonomics, human growth and sport performance.

4. Body composition techniques on athletes have been largely directed towards estimating the amount of fat in the body.

5. Assessment of body composition and the resulting computation of relative fatness contribute significant
information to determine an athlete’s training and nutritional programmes. Body composition estimates provide
important information about an athlete’s physical profile and affect the athletes’ training.

6. Estimates of the body composition can only be made at present by indirect laboratory and field techniques due to
the only direct method of quantifying the different compartments or tissues being cadaver dissection.

7. Traditional laboratory procedures for the estimation of body fat, such as hydrostatic weighing and total body
water, are comparatively cumbersome, expensive and not always readily available, whereas more expedient
methods, such as anthropometry, suffer from concerns about validity and accuracy. The technique used most
often for assessing body fat in athletes has been skinfolds, although recent technological advances offer a variety
of new methods for body composition assessment.

Of considerable interest is the gender differences that exist that may influence performance. Peak
height velocity (PHV) is the maximum rate of growth occurring during the adolescent growth spurt
(Baxter-Jones and Sherar 2007). Girls usually begin their growth spurt between 8 and 10 years,
which is two years before boys usually begin their growth spurt (at 10—12 years). This may present
a transitory advantage until boys begin to progress through their PHV phase by which point they
have already had two years additional pre-PHV growth than girls. The time frame for PHV is also
longer in boys, with the resultant height advantage in boys compared to girls measuring approxi-
mately 13 cm. Growth in the lower extremities is evident in the early phase of the growth spurt for
both boys and girls; however, gender differences exist in regional muscle mass development (Malina
et al. 2004). Still, there may be as much as five years’ difference in the occurrence of PHV between
genders; therefore, the chronological age can differ significantly compared to biological age. This is
important since, during adolescence, selection for sports is likely to be influenced significantly by
biological age as evidenced by the early maturers having an advantage (Helsen et al. 2005).

The shape and proportions of an athlete is an important feature in talent identification since it has
been suggested that children should be directed towards sports for which they are physically suited
(Bloomfield 1992). This process of “morphological optimisation” (Norton et al. 1996) is particularly
useful for sports where height and body mass are important performance predictors.

114.4 Somatotyping

Somatotyping is a method whereby the body is described in terms of a number of traits that have a
relation to body shape and composition. Sheldon et al. (1940) introduced the method from studies of
Kretschmer’s (1921) classification of three empirically determined and visually rated extremes of
body build and Viola’s (1933) ratio of trunk and limb measures. Heath and Carter (1967) developed
this further with the Heath—Carter somatotype method, which is now the most universally applied
of the available methods and is the method we have focussed on in this chapter. A somatotype of
an athlete consists of a three-numeral rating, always recorded in the same order, which describes
the current morphological representation. The three numbers, expressed as 2-5-1, for example,
describe the value of each component — endomorphy, mesomorphy and ectomorphy — of the physique.
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Fig. 114.1 Somatotype distribution of mean somatotypes for various youth male sports

The higher the rating of each component, the more prevalent it is in an individual. The results of
somatotyping can be plotted on a somatochart, which also allows the comparison between individu-
als or sports (see Table 114.1 and Figs. 114.1 and 114.2).

114.4.1 Components

The first component, endomorphy, describes the relative amount of adiposity of an individual’s body.
It does not take into consideration the distribution. Endomorphy also provides descriptors of physical
aspects, such as roundness, relative volume and the distal tapering of the limbs. Mesomorphy is the
second component and describes the level of muscularity of an individual. It also refers to the descrip-
tors of physical aspects, such as robustness, the relative volume of the trunk and other muscle mass
within an individual. The measures of endomorphy and mesomorphy are considered to be an ana-
tomical model of body composition. Ectomorphy is the third component and is a description of the
linearity of the body. It also describes physical aspects of slenderness in the absence of muscle or fat
mass. The category that an individual will be placed in is dependent upon the dominant component,
with an indication of their secondary component. For example, a rating of 3-5-1 would suggest that
an individual is an endomorphic mesomorph as they have a high mesomorphic value (5) as the pri-
mary trait and a relatively high (3) value on the endomorphic scale. If an individual has equal values
in two of their ratings, they are considered to be a balanced body type as dictated by the dominant
components. For example, a 1-5-1 would be considered to be a balanced mesomorph as the values
for endomorphy and ectomorphy are equally low compared to the high value for mesomorphy.
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Fig. 114.2 Somatotype distribution of mean somatotypes for various youth female sports

A somatotype is an indication of the physique as a whole. It allows the assessment of the body as a
whole, taking into consideration levels of adiposity, muscularity and linearity. Its application in sport
and performance has been significant with the ability to compare body types across a huge range of
sports and at all levels of competition. With respect to youth sport, somatotyping allows the monitoring
of training, growth and maturation over time. Additionally, there is evidence to suggest that the phy-
sique characteristics of young athletes in a variety of sports are consistent with those of adult athletes in
the respective sports (Heath and Carter 1990), which is potentially a useful tool in talent identification.

114.5 Body Composition

Techniques for the measurement of body composition give a more accurate indicator of what makes
up an individual’s shape, thereby allowing further selection criteria to be identified. There are a num-
ber of techniques available for the measurement of body composition, which range from simple to
in-depth. One of the simplest estimates of body composition is body mass index (BMI); however,
there are issues surrounding its accuracy, particularly in adolescent boys where the increase in body
mass between 11 and 16 years may be more to do with an increase in muscle mass than adipose tis-
sue, therefore giving an incorrect estimate of relative obesity. If BMI is used, then, an attempt to
classify young people against age- and gender-specific cutoff points should be made (Cole et al. 2000).
The usefulness of BMI is greater in sports that do not rely on high power/weight ratios, such as field
and court sports, as opposed to sports, such as gymnastics or cycling, where body composition can
have a large impact upon a height/weight ratio value (see Tables 114.1-114.3).

In addition to BMI, there are a number of techniques available to assess body composition, such
as skinfolds, bioelectrical impedance analysis (BIA), hydrodensitometry, air displacement plethys-
mography (ADP) and dual-energy X-ray absorptiometry (DXA). Some of these techniques, such as
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hydrodenistometry or DXA, require a high level of technical expertise and expensive equipment and
can be quite timely to administer. One of the most used methods for the estimation of percentage
body fat is skinfolds and body density. What must be taken into consideration is the effect of growth
on the concepts associated with estimation of body density (Armstrong and Welsman 1997), since the
water content of a child’s fat-free mass and the increases seen in bone density during adolescence will
affect those assumptions. Where an estimation of percentage body fat is attempted, child-specific
equations should be used (Lohman 1992). To attempt to overcome this, some sports have opted to use
the sum of skinfolds as an indicator of adiposity, which can also be used longitudinally. In sports,
where rapid movements as well as movement of the body mass must occur, or in weight-classified
sports, minimal body fat and a lean body shape is a distinct advantage (Tittel 1978). Such sports could
include track and jumping sports, or combat sports. Talent identification in these types of sports
should consider using a more in-depth estimation of body composition, such as skinfolds.

When considering team sports, positional differences should be accounted for, as different roles
within a squad will have different energy requirements. For example, a midfielder in soccer will
require a lower body fat than the goalkeeper due to the movement patterns of that position. Whilst
body composition is an important element of the talent identification process, it is only one of the
many factors that will contribute to success. Athletes can still perform at the highest level in the
absence of the most favourable body composition, due to their excellence in other areas, such as
physiology, tactics, technique and psychological approaches.

The factors outlined earlier have potential to affect performance prediction, the extent of which
will depend upon a number of factors, such as the requirements and level of the sport, the application
and the correct selection of techniques upon performance and their role in performance prediction.
The use of the techniques in specific sports is outlined below and in Tables 114.5-114.7, with an
attempt to compare the data to reference where possible. An effort to only use data from high-level
youth sport had been made.

Table 114.5 Anthropometric measures of individual, field team and contact team sports in youths

Body BMI
Sport/Position n Level Age (y) Height (cm) mass (kg) (kg/cm?) Reference
Individual Sports
Men
Artistic Gymnastics 65 Elite 16.0+0.7 168.1+7.6 60.3x8.0 - Faria & Faria, 1989
10 Elite 16.9+0.6 165.4+7.3 62.1£7.8 -
10 Elite 15.3£0.7 168.6x7.1 58.2+7.8 -
Cycling (Road) 15 Elite 15.0£1.7 179.2%1.1 69.0+84  — Faria et al 1989
Figure Skating 12 Sub-elite 18.2+3.6 164.4+7.3 56.5£8.2 - Ross et al 1977
Rock climbing 52 Elite 13.5£3.0 162.2+15.6 51.5£13.6 19.1+2.2 Watts et al 2003
Track & Field
Runners 13 Sub-elite 11.7+1.1 147.0+6.8 36.6+4.1 - Unnithan et al 1995
Runners 11 Sub-elite 16.6+0.7 169.5£7.7 53.8+8.1 18.6+1.5 Larsen et al 2004
Runners 11 Sub-elite 16.6+£0.8 170.4+7.9 53.3%£5.3 18.4+1.6
Runners: Sprint/ 14 Sub-elite 19.8x1.3 179.1+x6.6 72.8+4.8 - Hollings & Robson, 1991
Hurdles

Runners: Middle/ 10 Sub-elite 19.6+1.3 178.1+2.8 66.8+42 -
Long distance

Jumpers: long, triple, 7  Sub-elite 19.3+0.9 181.6+8.1 75.5+6.3 -
high, pole vault

Throwers: discus, 7  Sub-elite 19.9+1.7 184.6+5.3 1052116 —
shot, put, javelin

(continued)
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Table 114.5 (continued)

Body BMI

Sport/Position n  Level Age (y) Height (cm) mass (kg) (kg/cm?) Reference

Women

Artistic Gymnastics 46 Elite 9.7+2.4 135.2+12.7 29.4+8.3 - Claessens & Lefevre, 1998

14 Sub-elite 11.6+1.3 143.0+10.0 35.6+8.0 17.1+£2.0 Courteix et al 1999

Figure Skating 18 Sub-elite 15.7+1.6 156.8+£5.0  48.6+6.0 — Ross et al 1977

Rhythmic Gymnastics 8  Elite 14.7£2.2  165.0+£3.0 479+34  17.3x1.4 Di Cagno et al 2008

15 Elite 13.4+1.6 151.1£9.5 35.6£5.5 Douda et al 2008

Rock climbing 38 Elite 13.5£3.0 151.3=11.9 40.6£9.6  17.5£2.1 Watts et al 2003

Field Team Sports

Men

Cricket 48 Sub-elite 14.8+1.3 175.7+9.8 65.8£129 - Pyne et al 2006

Field Hockey 21 Elite 13.2+1.3 169.0+1.0 55.1+8.7 - Elferink-Gemser et al 2004

17 Elite 13.2+1.3 165.0x1.0 549+8.1 -
21 Elite 13.9+1.4 169.0+1.0 55.1+8.7 - Elferink-Gemser et al 2004
15 Elite 16.0£1.0 176.0+£8.0 64.4+8.0 - Elferink-Gemser et al 2007
15 Elite 15.7£1.0 166.0+£5.0 57164 -

Soccer 16 Elite 16.4 171.0+5.0 63.1x1.1 - Reilly et al 2000
Forwards 56 Sub-elite 17.6£2.6 174.8+6.8 68.4+9.1 22.2+2.2 Gil et al 2007
Midfielders 79 Sub-elite 17.2+2.4 174.6+7.6 68.5£9.7 224422
Defenders 77 Sub-elite 17.3x2.7 175.5+7.6 68.9+9.1  22.3+2.2
Goalkeepers 29 Sub-elite 17.6+2.4 179.5+5.9 74.0+£7.9  229+1.7

16 Elite 13.4+0.4 165.2+10.5 52.5%99 - Le Gall et al 2010
56 Elite 13.6£0.4 165.0+8.8 53.849.5 -
16 Elite 14.4+0.4 171.5£9.4 59.3x10.3 -
54 Elite 14.5£0.4 170.8+8.0 60.319.2 -
16 Elite 15.4+04 176.1£7.5 65.3+8.8 -
57 Elite 15.4+0.4 175.3+8.2 66.0£8.2 -
Women
Field Hockey 17 Elite 13.9£1.3 165.0«1.0 54.9+8.1 - Elferink-Gemser et al 2004
Contact Team Sports
Men
American Football
All 18 Sub-elite 16.2+0.8 180.6+2.3 89.1x13.4 - Williford et al 1994
Backs 8  Sub-elite 16.1+£0.6 180.1+5.3 80.5£7.6 -
Linemen 10 Sub-elite 16.3+0.8 180.9+£2.5 96.0+4.6 -
All 65 Sub-elite 18.4x1.2 189.0+£7.0 107.0£22.0 29.8+4.7 Kaiser et al 2008
Offensive line 12 Sub-elite 18.4+1.2 196.9+3.8 137.0+9.8 35.3+2.8
Tight end 3 Sub-elite 18.4+1.2 194.7+5.3 112.0£2.5 29.6+1.6
Defensive line 10 Sub-elite 18.4x1.2 193.7+3.3 127.0£12.6 33.9+4.0
Quarterback 4 Sub-elite 18.4+1.2 188.6+2.4 92.0+4.0  259+1.3
Linebacker 9  Sub-elite 18.4+1.2 188.4+3.7 104.0+6.3  29.4+6.1
Kicker 2 Sub-elite 18.4+1.2 188.0+7.2 88.0+14.1 24.7+2.3
Wide receiver 6  Sub-elite 18.4x1.2 186.3£3.7 88.0+8.4 254423
Defensive back 13 Sub-elite 18.4x1.2 181.5+2.9 84.0+6.6  25.6x1.7
Running back 6  Sub-elite 18.4+1.2 180.8+3.3 99.0+16.6  30.4+4.1
Australian Rules 29 Elite 15.9+0.8 180.2+7.2 74.6+8.3 - Keogh, 1999
Football
Rugby 45 Sub-elite 10 146.6+5.8 36.4£5.6 - Pienaar et al 1998
All 28 Elite 16.0£0.2 178.0+£5.9 77.5£10.0 - Gabbett et al 2009
Hip-up forwards 28 Elite 15.9+0.4 180.9+6.7 87.0+11.1 -
Adjustables 28 Elite 16.0£0.2 175.5+4.9 73.0£6.2 -
Outside backs 28 Elite 16.0£0.2 178.8+5.5 749+7.6 -
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Table 114.6 Anthropometric measures of court and weight-classified sports in youths

Sport/position n Level Age (years) Height (cm) Body mass (kg) BMI (kg/cm?) Reference

Court sports

Men
Badminton 6 Elite 17.5+0.5 171.0£47 548 +3.0 18.7+0.8 Amusa
etal. (2001)
Basketball
Point guard 28 Elite 15.4 177953 68.1+£0.6 - Hoare (2000)
Off/shooting 25 Elite 15.4 180.5+4.6 71.3+8.6 -
guard
Small/shooting 31 Elite 154 186.1 £5.7 764+83 -
guard
Power/forward 25 Elite 15.4 191.3+3.7 83.8x10.1 -
Centre 16 Elite 15.4 194644 845+92 -
Handball 34 Elite 13.1+0.5 157.0+9.0 45.1+83 - Mohamed
et al. (2009)
47 Elite 150+06 1740+80 61.3+94 -
18 Elite 150+0.6 179.0+40 67.1+64 -
Netball 17 Elite 19 1729 +4.8 655+3.9 - Bale and
Hunt (1986)
68 Elite 148+04 169.1+6.1 59.0+6.2 - Hopper (1997)
Tennis 170 Sub-elite 10-11 1420+6.2 350x6.2 - Elliot
et al. (1989)
208 Sub-elite 12-13 151.1+£74 404+7.0 -
116 Sub-elite 14-15 163.4+94 493 +8.8 -
22 Sub-elite 16-17 1726 £6.5 59.5+8.2 -
17 Elite 11 14240 £5.7 335+4.0 - Elliot
et al. (1990)
27 Elite 13 153.4+7.7 41.1x£6.3 -
13 Elite 15 169.6 £8.3 54.0+8.8 -
57 Elite 162+04 176.8+64 699 +6.8 223+ 14 Sanchez-Muiioz
et al. (2007)
17 Sub-elite 12.6+0.9 159.0+10.0 49.2+7.0 194+ 1.6 Juzwiak
et al. (2008)
27 Sub-elite 164 +1.1 177.0x10.0 67.0+9.5 21.5+22
Volleyball
Setters Elite 170+0.5 191.0+£50 71.2+93 - Duncan
et al. (2006)
Hitters Elite 170+0.5 193.0+x45 779+x84 -
Centres Elite 17005 187.0x36 77.6%59 -
Opposites Elite 170+0.5 190.0£59 71.3+x9.2 -
19 Sub-elite 155+1.0 184.0+8.0 71.1+9.6 - Gabbett
et al. (2007)
Women
Badminton 8 Elite 172+1.1 1595+56 51.2x6.1 20.2+2.7 Amusa
etal. (2001)
Basketball
Point guard 32 Elite 15.2 166.2+52 57.8+6.6 - Hoare (2000)
Off/shooting 30 Elite 15.2 169.4+34 61.6x6.0 -
guard
Small/shooting 17 Elite 15.2 173.5+53 64.1x£6.7 -
guard

(continued)
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Table 114.6 (continued)

Sport/position n Level Age (years) Height (cm) Body mass (kg) BMI (kg/cm?) Reference
Power/ 25 Elite 15.2 1774+£36 694+73 -
forward
Centre 19 Elite 15.2 181.6 3.8 70.5+6.9 -
Tennis 103 Sub-elite 10-11 141.5+6.2 349=x6.1 — Elliot
et al. (1989)
140 Sub-elite 12-13 153.4+84 433+82 -
89 Sub-elite 14-15 1628 +7.5 525+72 -
18 Sub-elite 16-17 165.1+£52 56.2+8.1 -
13 Elite 11 145158 364+53 - Elliot
et al. (1990)
16 Elite 13 159.0+£79 449+6.6 -
15 Elite 15 164575 542+6.8 -
66 Elite 159+06 1654+63 599+6.2 219+ 1.7 Sanchez-Muiioz
et al. (2007)
Volleyball 29 Sub-elite 143+13 169.0+8.0 59.6+82 209 %25 Melrose
et al. (2007)
14 Sub-elite 13.1+0.6 167.0+9.0 56.1+8.5 20.1+2.6
15 Sub-elite 155+0.6 170.0x7.0 62.8+6.6 21.6 2.1
Weight-classified sports
Men
Judo 17 Elite 147+09 165.6+104 555+13.4 - Little (1991)
9 Elite 17.3+0.8 1753+88 672x7.2 -
Weightlifting
Weight class: 5 Elite 15-16.9 160.1 1.8 50.7+1.2 - Orvanova (1990)
52kg 5 Elite 17-18.9 161.3+38 51.6+03 -
Weight class: 5 Elite 15-16.9 163.4+35 558+04 -
56 kg 3 Elite 17-18.9 1679+3.8 557+0.3 -
Weight class: 9 Elite 15-16.9 166.3+6.0 584=x1.1 -
60 kg 4 Elite 17-18.9 163.7+28 60.3+1.8 -
Weight class: 7 Elite 15-16.9 170.1£3.6 645+1.3 -
67.5 kg 12 Elite 17-18.9 1685+46 664+1.3 -
Weight class: 11 Elite 15-16.9 1744 +47 732x24 -
75kg 14 Elite 17-18.9 173.9+£53 742+ 1.7 -
Weight class: 3 Elite 15-16.9 171.7+33  80.5+1.6 -
82.5kg 7 Elite 17-18.9 177037  79.7+2.7 -
Weight class: 2 Elite 15-16.9 173.9+32 88.0=x1.1 -
90 kg 8 Elite 17-18.9 177.6 4.6  87.0+3.6 -
Weight class: 10 Elite 17-18.9 180.6 £44 97.1+£22 -
100 kg
Weight class: 7 Elite 17-18.9 182.1+£25 1054 =x4.1 -
110 kg
Weight class: 3 Elite 17-18.9 181.2+2.7 1263 +5.1 -
>110 kg 25 Elite 174+14 170.0+2.8 67.6+11.8 - Conroy et al.
(1993)
20 Elite 148+23 1655+x11.7 673104 24.1+3.2 Fry et al. (2006)
Women
Judo 9 Elite 155+0.7 163.0+47 58.1+10.0 - Little (1991)
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Table 114.7 Anthropometric measures of water sports in youths

Sport/position n Level Age (years) Height (cm) Body mass (kg) BMI (kg/cm?) Reference

Water sports

Men
Rowing 383 Elite 17.8+0.7 1874+58 822=+74 - Bourgois
et al. (2000)
48 Sub-elite 129+0.6 164.7+80 57.0+10.7 - Mikulic and
Ruzic (2008)
Sprint Kayak 15 Elite 13-14 184.0+4.0 86.8+52 - Aitken and
Jenkins (1998)
Swimming
Freestyle: short 31 12-13 1694 +£8.0 582+5.6 - Avlonitou (1994)
distance
Backstrokers 30 12-13 1694 +8.6 56.7+8.8 -
Breaststrokers 27 12-13 163.2+7.2 49775 -
Fliers 12 12-13 161.4+£9.6 57.6+8.8 -
Freestyle: long 12 12-13 160.0+6.9 47.0+6.0 -
distance
Freestyle: 178 Sub-elite 12.8 £0.1  165.5+0.7 54.1+0.7 - Geladas
100 m et al. (2005)
15 Sub-elite 11.9+03 1549+7.5 425+7.0 175+ 1.9 Jiirimée
et al. (2007)
15 Sub-elite 143+14 1729+79 61.3+10.6 20.3x2.1
Women
Rowing 220 Elite 17.5+0.8 1745+62 69.5+6.2 - Bourgois

et al. (2000)
Sweep rowers 108 Elite 17.5+0.8 176.3+54 71.6+5.6 -

Scullers 111 Elite 17.5+08 173.5+6.5 67.4+6.1 -
Sprint Kayak 10 Elite 13-14 171.0£3.0 67.5+3.5 - Aitken and
Jenkins (1998)
Swimming
Freestyle: Short 29 12-13 167.2+7.2 579+6.3 - Avlonitou (1994)
distance
Backstrokers 28 12-13 1644+76 532+6.2 -
Backstrokers 29 12-13 162.7+5.8 52.7+6.4 -
Fliers 19 12-13 1554+£2.6 50.6+54 -
Freestyle: Long 14 12-13 159.5+52 495+79 -
distance
Freestyle: 100 m 85 Sub-elite 12.7+0.1 161.2+0.6 483 +0.6 - Geladas

et al. (2005)

114.6 Individual Sports

114.6.1 Cycling

Track cyclists are known to be more powerful than road cyclists, especially those involved in the
shorter distances, although there are similarities across both groups. Road versus track cycling should
also be taken into consideration. Faria et al. (1989) indicated that youth cyclists were notably taller,
heavier and leaner than non-athletes and when compared to junior swimmers and runners, and they
were found to be similar to endurance athletes. Measures of body composition revealed a high
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correlation between estimated percentage fat, triceps skinfold and suprailium skinfold, which suggests
that these are the most appropriate skinfold measurements for this homogeneous population.

114.6.2 Figure Skating

The importance of morphological characteristics for most optimal performance in aesthetic sports
has been noted. Monsma and Malina (2005) demonstrated that elite skaters had shorter leg lengths
than pre-elite skaters; however, this may be due to maturation levels, as pre-elites are generally
younger and in an earlier phase of their adolescent growth spurts. Additionally, lower-level test
stream skaters had greater skinfold values than both pre-elite and elite skaters, suggesting an effect
of level on kinanthropometry. Ross et al. (1977) demonstrated that, compared to Mexican Olympic
athletes, Canadian Olympic skaters (senior and junior men and ladies) were ectomorphic/mesomor-
phic on the scales and that they closely resembled gymnasts in size, being relatively small, lean and
only slightly less muscular.

114.6.3 Gymnastics

Success in gymnastics relies on attaining the highest score during competition. It is claimed that
anthropometrics are the greatest predictor of performance in rhythmic gymnastics (Douda et al.
2008), accounting for 41% of the success in performances of basic body elements of difficulty,
whereas non-adipose voluminosity accounts for 26% of rhythmic-gymnastics-specific manipula-
tions with the apparatus (Miletic et al. 2004). Rhythmic gymnastics relies in part upon the ability to
leap and hop. It was found that height accounted for 16% of variance in hopping height. Elite rhyth-
mic gymnasts were taller and had significantly longer thigh lengths and higher values of FFM than
sub-elites (Di Cagno et al. 2008), therefore supporting the use of these parameters to select gymnasts
in the early stages of development.

When attempting to predict the best independent predictors of annual changes in bone mineral
density (BMD) for total body, lumbar, spine, trochanter and femoral neck sites of highly trained gymnasts,
Courteix et al. (1999) found that variations in lean mass, bone age and fat mass were the greatest
independent predictors. With respect to male gymnasts, it was found that top male class II gymnasts
were significantly leaner than class I and lower class IT gymnasts. Additionally, class II gymnasts, when
compared to other classes, were characterised as shorter in stature, were leaner and possessed more
muscle mass (Faria and Faria 1989). The length of the arms with respect to trunk length and percent-
age body fat are key factors due to their potential impact on achieving skill at the highest level and
should therefore be included in the talent identification process of high-level gymnasts.

114.6.4 Rock Climbing

The popularity of climbing continues to grow, with normative data on adult climbers beginning to
emerge regularly. In evaluations of young competitive rock climbers, significant differences in height,
mass, ratio of arm span to height, biiliocristal/bi-acromial ratio, sum of skinfolds and estimated per-
centage fat were found compared to age-matched controls. Watts et al. (2003) suggested that young
competitive climbers have general characteristics similar to adult climbers, although young climbers
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appearing to be more linear with narrow shoulders relative to hips. Continued monitoring of youth
climbers is useful to form normative databases both for selection for elite levels and for comparison
to adult climbers.

114.6.5 Track and Field

There is a plethora of data relating to kinanthropometry of runners of differing distances and a vari-
ety of ages. The data of Graves et al. (1987) showed that elite female runners had smaller girths than
gymnasts, body builders and normative references. Male Kenyan runners had measures of BMI,
height and mass that were smaller than age-matched Scandinavian athletes. This suggests that there
may be an affect of race on performance (Larsen et al. 2004). Hollings and Robson (1991) indicated
that, in a cohort of field and track athletes including throwers, sprinters, middle-distance runners and
jumpers, throwers were a distinct group as far as body build was concerned. They were taller, heavier
and had higher levels of subcutaneous fat than the other groups. Throwers had a low ponderal index
with their limbs appearing as a series of relatively short levers, which would assist them in performance.
Middle-distance runners were lighter than the other groups, whereas the sprinters and jumpers were
similar to each other, suggesting that anthropometric variables can differentiate between groups of
events in track and field athletes and should be considered for talent selection.

114.7 Field Team Sports

114.7.1 Cricket

Cricket is a sport which requires all players to field and bat and is supported by a set of skills that
defines a player’s role which will contribute to the success of the team. One of the aspects of crickets
that can affect the potential for success is peak bowling speed (Stuelcken et al. 2007). A study of the
anthropometric and strength correlates in junior cricketers revealed multiple predictors of success in
achieving peak bowling speed, which included height, body mass and estimated percentage muscle
mass. From these measures, it was found that body mass and estimation of percentage muscle mass
were considered to be the most useful anthropometric predictors of peak velocity in junior bowlers
(Pyne et al. 2006); therefore, they should be used as part of a battery of tests for talent detection in
youth players.

114.7.2 Hockey

Field hockey requires intermittent running, accelerations and decelerations, requiring a high level of
effort. Differences in anthropometric measures have been reported in players of differing levels
(Ready and Van der Merwe 1986). A study of female players demonstrated that higher-level regional
players had significantly lower skinfold thickness values and estimated percentage fat than the lower-
level club players, suggesting that talent identification programmes should potentially use these
anthropometric measures as part of the selection process (Keogh et al. 2003). A study of elite and
sub-elite male and female junior players over three seasons demonstrated that elite male and female
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players increased in height and mass. Males also reduced estimated percentage body fat over time.
Elite players appear to score better than their sub-elite counterparts in a number of characteristics
and it is suggested that players should be tracked into adulthood (Elferink-Gemser et al. 2004).

114.7.3 Soccer

Soccer is intermittent in nature and is multifactorial in terms of the elements required for success.
A talent identification study by Reilly et al. (2000) demonstrated that elite-level junior players had
significantly lower endomorphy scores than lower-level players. Additionally, elite-level players
were leaner than lower-level players when considering both sum of skinfolds and estimated percent-
age fat. The sum of skinfolds also more clearly distinguished between the groups than did estimated
percentage fat. With respect to positions, Gil et al. (2007) demonstrated that forwards were the lean-
est players, presenting the highest level of muscle. By contrast, the goalkeepers were found to be the
tallest and heaviest players, with the largest skinfold values and the highest percentage fat values. For
midfielders, height was one of the anthropometric discriminants of selection. Le Gall et al. (2010)
demonstrated that graduate players from an elite youth academy were taller and heavier than amateurs.
The findings of these studies suggest that anthropometric measures should be taken into consider-
ation when attempting to detect talented for soccer.

114.8 Contact Team Sports

114.8.1 American Football

American football players are thought to have a morphological profile similar to rugby players due
to the similarities in playing profiles involving discontinuous bouts of intensive exercise with high
levels of tackling. Research indicated that BMI values of collegiate players were classified as over-
weight or obese; however, average body fat percentage estimations placed them into the acceptable
age- and gender-referenced normal ranges (Kaiser et al. 2008). With respect to positional differ-
ences, morphology of the players in the study was consistent with the positional specialisation
requirements. For example, positions specialised for the line-off scrimmage blocking and tackling
were taller and heavier than players at other positions. The positions specialised for sprinting and
dynamic agility demonstrated lower height, weight, body fat percentages and BMI compared to the
overall group (Kaiser et al. 2008). It was also suggested that, as the level of competition increases,
so do weight, height and fat-free mass (FFM) (Williford et al. 1994), highlighting the importance of
monitoring body composition at all levels of development.

114.8.2 Australian Rules Football (ARF)

Like other contact field sports, ARF requires players to cover the majority of distances during a game
at submaximal speeds, with shorter bursts of speed interspersed with longer periods of recovery. One
of the main anthropometrical attributes for success is considered to be height, especially for key posi-
tions, such as forwards. A study to predict selection in an elite youth ARF team found that height and
mass were anthropometric measures that could be used in a discriminant analysis to predict selection,
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with height considered to be one of the two most important discriminators for selection in elite under-
18 ARF players. Additionally, selected players were shown to be significantly taller and heavier than
non-selected players (Keogh 1999). Selected junior players appear to be relatively similar to senior
players in terms of height (Douge 1988), but not in terms of body mass, although anthropometric
measurements, such as girths and body mass, increase significantly as teenage males mature (Housh
et al. 1997), signifying that under-18 ARF players are still maturing physically, which is required if
players are to compete at the senior level. Anthropometric measures should be monitored at junior
through to senior levels to maximise the chance of selection of optimal body types for ARF.

114.8.3 Rugby

Rugby league is a collision sport that is intermittent in nature. The positions can be broadly classified
into forwards or backs. Forwards are involved in significantly more collisions and tackles than backs
and have a higher activity ratio of high:low intensity. Forwards also cover a larger distance than
backs during a match. Studies of senior rugby league players have shown significant differences
between positions in measures of height, body mass and skinfold thickness (O’Connor 1996).
Research on junior elite rugby league players indicates that forwards are taller, heavier and have
greater skinfold thicknesses than backs. When discriminating between starters and non-starters, elite
starters were taller and heavier than non-starters, whereas sub-elite starters were taller than sub-elite
non-starters (Gabbett et al. 2009). In a study attempting to identify and develop rugby talent, calf and
upper-arm girths as well as humerus and femur diameters showed practical significance (Pienaar
et al. 1998). The findings of the studies earlier indicate that physical characteristics of junior rugby
players should be taken into account in talent identification models and should therefore be a consid-
eration when setting realistic junior performance standards.

114.9 Court Sports

114.9.1 Badminton

Badminton is considered to be an agility sport, which requires movements to be executed by the
upper extremities, although performance is multifactorial. A study by Amusa et al. (2001) showed
that height, weight and arm span are the most important indicators for performance in junior national
players. Somatotype measures indicated that, in male players, mesomorphic ectomorph was the
predominant measure, whilst endomorphic mesomorph was the main measure for females. It was
also suggested that, to allow free movement around the court, lower weight athletes with low BMI
values would have an advantage.

114.9.2 Basketball

Basketball is an agility-based, intermittent sport that partially relies on jumping ability. Morphological
proportions to support those activities is key; therefore; height is one of the key determinants of suc-
cess, so are long limb lengths for defending, passing and shooting. In junior elite players, arm span
was considered to be a predictor of overall success. When positions are considered, the best male
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point guards were taller than the rest, though the best power forwards were significantly taller and
had a longer arm span than the rest. The best small forward players were also taller than the rest of
the players in that position (Hoare 2000). In female players, positional differences existed between
centres and point guards demonstrating lower levels of FFM and smaller arm span values. In best
versus rest tests, the best females had proportionally longer legs than the rest of the cohort. Since
significant differences exist in certain anthropometric measures in young players, monitoring anthro-
pometric attributes appears to be a successful tool for predicting success alongside other factors
related to basketball performance (Hoare 2000).

114.9.3 Handball

Handball is a dynamic sport characterised by speed, agility, reaction speed, explosive power,
endurance, strength and coordination. In handball, absolute size of the body is an important
factor in handball for both youth and adults. It is also suggested that the size of the hand is an
important factor when selection criteria for players are set. This is due to hand size and finger
length being useful for throwing accuracy. In a study of male youth players for talent detection
purposes, significant differences were seen between the elite and non-elite players for body mass,
arm length, relative arm length, arm span and both upper limb muscle circumferences (stretched
and flexed). For the long-term development of talented players, a careful follow-up of the matu-
ration process, including growth of the most important body segments, is considered necessary.
In a discriminant analysis, height was considered an important determinant for performance and
corresponds well with characteristics suggested as essential in youth and adult handball
(Mohamed et al. 2009).

114.9.4 Netball

Netball is a court sport that is intermittent in nature with agility and jumping two of the key skills for
success. Bale and Hunt (1986) demonstrated that elite players were heavier, significantly taller and
had significantly smaller femur bone widths than players classified as good. Elite players showed
total skinfold and estimated fat levels which suggested a larger muscle mass but lower levels of adi-
posity in relation to their height. Somatotype analysis showed most players were of the mesomorphic
endomorph type or balanced mesomorphs (Hopper 1997). With respect to positions, centres were
significantly shorter, lighter and had less fat than attackers and defenders. Attackers and defenders
were the tallest and heaviest of the players, whereas central players were more mesomorphic than the
attackers and defenders who tended to show more ectomorphic traits. There are several parameters
that should be monitored to assess ability, of which body composition is one.

114.9.5 Tennis

Tennis is characterised by explosive activities interspersed with intermittent bouts over a long period
of time. A high lean body mass/height ratio is thought to be an advantage. A study of adolescent
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junior players found the BMI and estimated percentage fat of players to be in the recommended
range for young athletes (Juzwiak 2008), whereas, in a study by Elliot et al. (1990), it was indicated
that, in male players, estimated percentage fat was lower in high-level players across age groups. The
cohort of players were also shown to be more linear, expressing high ectomorphy levels, which is
line agreement with the findings of Copley (1980), who suggested that ectomesomorphy is a required
characteristic for successful tennis performance at the professional level.

For females, body composition was considered an important indicator of tennis performance from
11 to 15 years. Higher level players were leaner than the controls in both endomorphy levels and sum
of skinfolds. Copley (1980) also showed that professional female players were more endomesomor-
phic than amateur players, although height and mass were not thought to discriminate between
higher level and control subjects. A study by Sanchez-Muifioz et al. (2007) demonstrated that signifi-
cant differences were observed in height and humeral and femoral breadths when comparing the first
12 and the lower ranked female players. The first 12 players were significantly taller than the lower
ranked players, providing evidence for the use of talent identification in junior tennis.

114.9.6 Volleyball

Volleyball is an intermittent sport that requires players to participate in frequent short bouts of high-
intensity exercise, followed by periods of low-intensity activity. Thissen-Milder and Mayhew (1991)
demonstrated that height and weight were two of the anthropometric characteristics measured in
high-school players that could discriminate amongst starters and non-starters. Data from Melrose
(2007) suggested that lean body mass and shoulder, hip and thigh girths are the key anthropometric
physical determinants of performance in adolescent female volleyball players. In measures of junior
national and state players, significant differences were detected between levels for height, standing-
reach height and skinfold thickness. Male players were found to be taller, heavier and leaner and
with greater standing-reach height than female players. A study of somatotypes in elite players
showed positional differences, with setters tending to be endomorphic ectomorphs, hitters and oppo-
sites tending to be balanced ectomorphs, and centres tending to be ectomorphic mesomorphs (Duncan
et al. 2006). The analysis of performance standards for junior volleyball highlights the importance of
some characteristics as the level of playing increases.

114.10 Weight-Classified Sports

114.10.1 Judo

Successful participation in Judo is thought to depend upon appropriate levels of technical skill, sup-
ported by a number of physical characteristics. In a study of junior males and female judokas, Little
(1991) demonstrated that the estimated percentage body fat for junior males and females was less
than the normative reference value. Given that the nature of Judo is to continuously grip your oppo-
nent whilst actively trying to remove them from a balanced stable position, it would seem that bio-
logical maturity would have an impact on performance and chance of success and performance
differences, especially in junior males of the same chronological age, but contrasting maturity status,
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the difference of which is most apparent between the ages of 13 and 16 (Malina et al. 2004). This
indicates the importance of monitoring maturity in junior judokas.

114.10.2 Sumo Wrestling

Sumo wrestlers are well known for their very large bodies, which has often raised questions about
their health status. The anthropometric dimensions of sumo wrestlers, such as stature, body weight,
length and circumference of the limbs and trunk have been reported previously. A study of wrestlers
in the higher leagues demonstrated larger bodies than those who belong to the lower leagues
(Nishizawa et al. 1976; Hattori et al. 1999). In college-level sumo wrestlers, BMI and estimated
percentage fat was very high compared to non-athletes and all were characterised as obese, although
further measures of body composition also demonstrated that the wrestlers had excessive fat-free
mass values. To monitor the health status as well as the talent detection element, accurate methods
should be used to estimate body composition in junior sumo wrestlers.

114.10.3 Taekwondo

Taekwondo is a weight-classified combat sport using a variety of kicking and punching movements.
Fleming and Costarelli (2007) showed that following an analysis of skinfold measurements, a cohort
of international standard athletes were very lean, with low levels of fat mass and high levels of
muscle mass. Measures of BMI were high, which may be due to their lean body mass/height ratio as
opposed to their level of obesity. Evidence from other combat sports suggests that athletes regularly
compete at 5—10% below their natural body weight (Filaire et al. 2001), highlighting the importance
of body composition.

114.10.4 Weightlifters

Somatotyping by Orvanova (1990) indicated that the athletes at the higher levels showed greater
levels of mesomorphy and lower levels of endomorphy. Depending upon their pubertal growth spurt,
young lifters have varying levels of mesomorphy and ectomorphy. When separated into weight
groups, the lighter athletes showed higher levels of mesomorphy, whereas the heavier athletes dem-
onstrated higher levels of endomorphic mesomorphy. Ectomorphy decreases, whereas mesomorphy
and endomorphy were shown to increase with weight class. Comparison of age groups revealed that
the younger lifters in each weight class had higher endomorphy and lower mesomorphy levels than
the adult lifters. Ectomorphy was found to be higher in the youngest lifters, but only below the
weight class of 82.5 kg. All age and weight classes of weightlifters demonstrated greater mesomor-
phy and lower ectomorphy than non-athletes and the differences tended to increase with weight class.
Measures of bone mineral density revealed that it is found to be much higher in junior weightlifters
due to the influence of the chronic overloads experienced with training for that sport (Conroy et al.
1993). When attempting to predict performance, Fry et al. (2006) showed that body mass and relative
fat are two of the five screening tools that should be utilised for detection in junior weightlifters.
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114.11 Water Sports

114.11.1 Rowing

Extensively studied, anthropometric data from both males and females have emphasised the impor-
tance of body mass (Secher and Vaage 1983) and body size (Rodriguez et al. 1986) in rowing. In a
cohort of youth rowers, from a selection of anthropometric measures, thigh girth and lean body
mass, when entered into a regression table, were significant predictors of 1-km rowing performance
(Mikulic and Ruzic 2008). Bourgois et al. (2000) also showed that male junior rowers had increased
bicep, thigh and calf girths compared to reference data, whereas female junior rowers had increased
biceps thigh, and calf compared to references and non-finalists. Of the rowers who reached the finals,
all had larger measures in the biceps and thigh than the non-finalists. Therefore, anthropometric
measures should be considered for performance prediction measures in rowing events for both males
and females, as clear differences between athletes and reference data exist.

114.11.2 Sprint Kayak

Sprint kayaking requires the athlete to propel themselves predominantly using the upper body. Aitken
and Jenkins (1998) showed differences in body mass, biceps girth, upper arm length, forearm length,
thigh length, lower leg length and biliocristal breadth between elite kayakers and controls. The elite
female paddlers had greater mass and bicep girths than the female controls. With respect to key
determinants of performance in male paddlers, those who had greater bi-acromial breadth and
extremity lengths demonstrated greater improvements following training. Additionally, the morpho-
logical proportions of kayakers who performed at Olympic level revealed that elite paddlers had
distinct characteristics compared to the general population, which included a greater than average
thigh length, shoulder and chest breadths along with proportionally large upper body girths (arm and
chest girth) and proportionally narrow hips in males and lean physiques as demonstrated by low
skinfold scores (Ackland et al. 2003). The data from previous studies clearly indicate that anthropo-
metric measures can be useful in the selection of individuals for high-level performance and should
therefore be considered in athlete monitoring protocols.

114.11.3 Swimming

Training for high-level swimming begins at an early age. Due to the large number of swimming
events, research has attempted to classify the variety of characteristics which help to distinguish
which event an individual should select and train for. Analysis of youth data for the prediction of
100-m freestyle performance suggested that upper extremity length was a significant predictor of
100-m freestyle performance, whereas body height, upper extremity and hand length were all signifi-
cantly related to 100-m freestyle time (Geladas et al. 2005). In a variety of swimming events, Avlonitou
(1994) showed that sprint and back swimmers were the tallest and heaviest among the events for both
sexes. This group also had the highest values for upper and lower limbs and hand and foot lengths.
The long-distance group was the shortest and lightest group for males and the lightest group for
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females. The female fly group had the lowest values for height, upper and lower limb lengths as well
as hip width. Significant correlations were obtained between performance and somatometric vari-
ables. For swimmers participating in different events, variation in body size and form is already pres-
ent at an early age. Analyses of swimming performance including body composition measures found
significant relationships between the energy cost of swimming (C ) and body mass, FFM and body
mass in prepubertal and pubertal swimmers, suggesting that body composition parameters have a
significant impact on C_(Jirimée et al. 2007). It was also shown that, of the anthropometric measures,
arm span was the best predictor of swimming performance. Swimming is clearly influence by anthro-
pometrics; therefore, every effort should be made to clarify which anthropometric measures distin-
guish between events, thus allowing a talent identification option available for all events.

114.12 Practical Application to Sport and Performance

The data from these studies suggest that participants are characterised by a combination of body
composition/body size traits which are believed to influence the chance of success in any given sport.
It is also clear that success in sport is multifactorial and that the value of anthropometric measures in
assisting with talent identification or predicting success is varied between and within sports. It is,
however, clear that the measurement of kinanthropometry is a crucial tool in the search for informa-
tion to assist coaches and athletes in the quest for success at the highest level in sport.

Summary Points

e Talent identification programmes usually monitor several parameters, once of which is
kinanthropometry.

* For talent identification purposes, measurements of kinanthropometry take into consideration
physical growth and maturation, absolute size and proportionality, somatotyping and body com-
position as measured by a variety of methods.

e Athletes are characterised by a combination of body composition/body size traits which are
believed to influence the chance of success in any given sport.

e It is thought that, in certain situations, it may be better to measure fewer but more discriminatory
variables for potential athlete selection purposes.

¢ Success in sport is multifactorial; therefore, the value of anthropometric measures in assisting
with talent identification or predicting success is varied between and within sports.
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Objectives: The aims of this study were to describe the anthropometric characteristics, body composition and
somatotype of elite male and female junior tennis players, to compare the anthropometric data, body
composition and somatotype of the first 12 elite junior tennis players on the ranking with the lower ranked
players, and to establish an anthropometric profile chart for elite junior tennis players.

Methods: A total of 123 (57 males and 66 females) elite junior tennis players participated in this study. The
athletes were divided into two groups, the first 12 and the lower ranked players, according to gender. A total
of 17 anthropometric variables were recorded of each subject.

Results: There were no significant differences in height and weight between the first 12 and the lower ranked
boys, while the first 12 girls were significantly taller than the lower ranked girls (p=0.009). Significant
differences were found for humeral and femoral breadths between the first 12 and the lower ranked girls
(p=0.000; p=0.004, respectively). The mean (SD) somatotype of elite male junior tennis players could be
defined as ectomesomorphic (2.4 (0.7), 5.2 (0.8), 2.9 (0.7)) and the mean (SD) somatotype of elite female
junior fennis players evaluated could be defined as endomesomorphic (3.8 (0.9), 4.6 (1.0), 2.4 (1.0)). No
significant differences were found in somatotype components between the first 12 and the lower ranked
players of both genders.

Conclusions: When comparing the first 12 and the lower ranked elite junior tennis players of both genders,
no significant differences were observed in any measured item for the boys. By contrast, significant
differences were observed in height and humeral and femoral breadths between the first 12 and the lower
ranked gir|s, whereby the first 12 were taller and had wider humeral and femoral breadths than the lower

sition and somatotype from different competitive sports

has increased over the last decades. It has been well
described that there are specific physical characteristics in
many sports, such as the anthropometric profile, that indicate
whether the player would be suitable to compete at the highest
level in a specific sport."* The quantification of morphological
characteristics of elite athletes can be a key point in relating
body structure to sports performance.

During the past two decades, great changes have taken place
in tennis with respect to technique and tactics, and even more
so with respect to the physical performance of the players.
Nowadays, tennis is one of the most popular sports in the world
and is extensively studied. Most of the scientific literature has
focused on physiological’"” and biomechanical variables,'**
physical performance,”” and prevention and treatment of
injuries.”*** At present, there is little data on the physical
characteristics of young* ™ and adult® tennis players.

Therefore, the purpose of this study was to determine the
anthropometric characteristics, body composition and somato-
type of elite junior tennis players, in order to use this for
training and for the detection and identification of talented
players.

The interest in anthropometric characteristics, body compo-

METHODS

Subjects

The sample consisted of 123 elite junior tennis players (57
males and 66 females) from 28 national teams that competed at
the 2005 and 2006 Davis Junior Cup and Fed Junior Cup (a
team competition where the best players in the world from the
under 16 category take part). The subjects were grouped
according to gender and results; the first 12 players and the

69

ranked players. These differences could influence the playing style of junior female players.

lower ranked players. The latter difference was made in order to
separate the sample according to playing level, as even though
all the tennis players studied had been training for more than
6 years at 16 h/week (tables 1 and 2), at the international level
there are still differences between the best teams and the lower
ranked teams in number of training hours per week or number
of competitions carried. We aimed to separate the teams at the
highest position in the final classification (quarter final, semi-
final and final) from the lower ranked players. Therefore, the
first 12 subjects studied were a representative sample of the
best junior players of the world, and the best in the individual
rankings.

The mean (SD) somatotype of elite male junior tennis players
evaluated could be defined as ectomesomorphic (2.4 (0.7), 5.2
(0.8), 2.9 (0.7)), ranging from 1.4-3.9 for endomorphy, 3.0-7.5
for mesomorphy and 1.5-5.2 for ectomorphy. The mean (SD)
somatotype of elite female junior tennis players evaluated could
be defined as endomesomorphic (3.8 (0.9), 4.6 (1.0), 2.4 (1.0)),
ranging from 2.4-5.7 for endomorphy, 2.6-6.8 for mesomorphy
and 0.7-4.6 for ectomorphy. No significant differences were
found in somatotype components between the first 12 and the
lower ranked players of both genders. Figures 1 and 2 illustrate
the somatotypes for all the studied elite male and female junior
tennis players.

Tables 3 and 4 give the anthropometric profile charts of elite
male and female junior tennis players. The scores for 17
anthropometric dimensions are located on the chart together
with the corresponding percentile values.

Abbreviations: DEXA, dual x ray absoptiometry; ISAK, International

Society for the Advancement of Kinanthropometry; TEM, technical error of
measurement
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Mesomorphy

Endomorphy Ectomorphy

Figure 1 Somatotype distribution of elite male junior tennis players
(n=57). O: mean somatotype =2.4-5.2-2.9.

The study was approved by the Review Committee for
Research Involving Human Subjects of the University of
Granada, and oral as well as written information was given.
Before measurement, written informed consent was obtained
from each participant and coach.

Data collection

Measurements were performed following the standardised
techniques adopted by the International Society for the
Advancement of Kinanthropometry (ISAK).*” All measure-
ments were taken by the same investigator, an anthropometrist
accredited by the ISAK. The technical error of measurement
(TEM) was lower than 5% for skinfolds and lower than 1% for
the other measurements. The instruments were calibrated prior
to use and all measurements were taken on the subject’s right
side. Anthropometric variables included body mass, height,
breadth, eight skinfolds (biceps, triceps, subscapular, suprailiac,
supraspinal, abdominal, thigh and medial calf), four girths
(upper arm relaxed, upper arm flexed and tensed, thigh and
maximum calf), and two breadths (humeral and femoral).
Height was measured on a stadiometer (GPM, Seritex, Inc.,
Carlstadt, New Jersey) to the nearest 0.1 cm, and the weight
was recorded on a portable scale (model 707, Seca Corporation,
Columbia, Maryland) to the nearest 0.1 kg. Skinfolds were
taken using a calliper (Holtain Ltd, Crymych, UK) to the
nearest 0.2 mm, and the girths were performed with a flexible
metallic tape measure (Holtain Ltd). Skinfolds were taken three
times and the average was employed in further calculations.
The sum of three skinfolds (triceps, subscapular, supraspinal),
six skinfolds (sum of three and suprailiac, abdominal and
thigh), and eight skinfolds (sum of six and biceps and medial
calf) were also calculated. BMI was calculated as weight/
height® where weight was expressed in kilograms (kg) and
height in metres (m). Body density was estimated using the
method of Durnin and Womersley.** Density was transformed
to percentage of body fat (%BF) by the Siri’s equation.*
Percentage of muscle mass (% MM) was determined using
the method of Poortmans et al.>® Somatotype was determinate
according to the equations of Carter and Heath.”

Statistical analysis
Standard descriptive statistics (mean, SD and range) were used
to present the characteristics of the subjects for all variables. A

71
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Mesomorphy

Endomorphy Ectomorphy!

Figure 2 Somatotype distribution of elite female junior tennis players
(n=66). O: mean somatotype =3.8-4.6-2.4.

non-parametric Mann-Whitney U test was used to compare the
anthropometric data between the first 12 and the lower ranked
players groups of both genders. The 5% level of probability was
chosen to represent statistical significance. A profile chart with
norms, using percentiles (p values of 5, 10, 25, 50, 75, 90, 95)
was constructed. The statistical analysis using a statistical
package was carried out (V.14.0; SPSS, Inc, Chicago, Illinois,
USA).

RESULTS

Tables 1 and 2 gives the mean, SD, and ranges for the age,
anthropometric characteristics, body composition, somatotype,
total years playing tennis and hours of training per week for the
clite male and female junior tennis players. In addition, the
results of the statistical analysis for the differences between the
first 12 and the lower ranked players of both genders are
presented. There were no significant differences in height and
weight between the first 12 and the lower ranked boys, while
the first 12 girls were significantly taller than the lower ranked
girls (p =0.009). No significant differences were observed in
breadth, body mass index (BMI), skinfold thickness, girth,
body composition, or somatotype between the first 12 players
and the lower ranked boys, while significant differences were
found for humeral and femoral breadths between the first 12
and the lower ranked girls (p = 0.000; p = 0.004, respectively).

DISCUSSION
A few studies have examined physical characteristics related to
playing tennis.** Our study attempts to describe the anthro-
pometric characteristics, body composition and somatotype in a
homogeneous sample (according to performance) of elite junior
tennis players.

Elliot et al** tested a sample of male and female tennis players
(age range 10-12 years) who regularly attained a semi-final
position in the Western Australian Lawn Tennis Association
sanctioned tournaments biannually over a 5 year period. He
compared them with another sample who regularly or
occasionally attended a quarter final position in the same
tournaments and with non-competitive performers. In the
present study, elite male and female junior tennis players were
taller and heavier than those in the study by Elliot e a/** (mean
(SD) 176.8 (6.4) cm vs 169.6 (8.3) cm; 69.9 (6.8) kg vs 54.0
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Anthropometric characteristics, body composition and somatotype 797
Table 3 Anthropometric profile chart for the total male junior tennis players (n=57)
Percentiles
5 10 25 50 75 90 95

Height (cm) 166.3 166.8 173.0 177.3 179.9 184.5 190.2
Weight (kg) 56.1 61.6 66.3 69.2 737 79.6 82.5
Breadth (cm) 172.2 174.1 177 .4 182.3 186.6 190.8 193.0
Triceps skinfold (mm) 57 6.0 7.1 9.2 11.5 14.0 14.2
Biceps skinfold (mm) 3.0 &1 a2 4.1 4.9 57 7.0
Subscapular skinfold (mm) 58 6.5 7.1 8.1 9.2 10.9 11.1
Suprailiac skinfold (mm) 6.6 7.5 9.4 12.2 15.9 20.2 21.8
Supraspinal skinfold (mm) 47 52 5.8 7.1 8.4 11.1 147
Abdominal skinfold (mm) 5.8 6.0 8.4 10.5 13.1 16.4 22.4
Thigh skinfold (mm) 6.9 7.3 8.5 11.0 12.2 15.0 16.5
Calf skinfold (mm) 5.4 57 6.6 7.8 97 11.0 11.9
Upper arm relaxed girth (cm) 255 26.1 27.6 29.1 29.6 30.6 SIS
Upper arm flexed and tensed 27.2 27.9 29.7 30.8 31.8 32.8 33.6
girth (cm)

Thigh girth (cm) 47.2 48.2 49.6 51.4 52.8 54.1 55.9
Maximum calf girth (cm) 34.2 34.8 36.3 37.0 38.4 39.8 40.6
Humeral breadth (cm) 6.6 6.7 7.0 7.2 7.4 7.8 7.9
Femoral breadth (cm) 9.7 9.8 10.0 10.2 10.7 11.1 11.3
Body fat (%) 9.6 10.8 13.5 15.4 18.6 21.5 22.1
Muscle mass (%) 43.9 44.6 452 46.6 48.0 489 50.8

(8.8) kg for male and 165.4 (6.3) cm vs 164.5 (7.5) cm; 59.9
(6.2) kg vs 54.2 (6.8) kg for female; respectively). In 1982,
Powers and Walker* compiled anthropometric data of 10
women top 15 at a Louisiana Tennis Association. In agreement
with the results of Power and Walker,* the elite junior tennis
players in the present study were smaller and heavier than
those (165.4 (6.3) cm vs 168.7 (2.35); 59.9 (6.2) kg vs 57.99
(2.59), respectively).

In relation to skinfolds, our results indicated that biceps and
triceps skinfolds values found in our female tennis players are
higher than those data reported by Powers and Walker* (mean
(SD) 7.4 (2.6) mm vs 6.55 (1.38) mm and 16.3 (4.0) vs 13.2
(2.34), respectively). Also, the upper arm girth of our female
tennis players was greater than those found by Power and
Walker.*

In our study, elite male and female junior tennis players
tended to show a greater mesomorphic component and a lower
ectomorphic component than those in the study by Elliot et al*

(5.2 (0.8) vs 3.90 (0.99) and 2.9 (0.76) vs 4.46 (1.07) for male;
4.6 (1.0) vs 3.2 (0.97) and 2.4 (1.0) vs 3.4 (1.17) for female;
respectively). Similar results were found in respect to the
somatotype components observed in the study of Elliot et al,*
who analysed a total of 866 leading junior tennis players (516
males and 350 females), aged 10-17 years.

Leone and Lariviére* studied 35 male regional level tennis
players, aged 12-17 years (14.5 (1.5) years), but they did not
discriminate by age group. Our male subjects were taller (176.8
(6.3) cmvs 165.6 (11.5) cm) and heavier (69.9 (6.8) cm vs 54.8
11.0) cm). Also, our males showed greater upper arm (28.7
1.7) cm vs 26.5 (3.0) cm) and calf (37.3 (1.8) cm vs 34.4
2.6) cm) girth than those studied by Leone and Lariviere.*

Leone et al*' identified the anthropometric and biomotor
variables of 15 regional level female tennis players aged 13.9
(1.3) years. Our female subjects were taller (165.4 (6.3) cm vs
161.0 96.0) cm) and heavier (59.9 (6.2) kg vs 50.6 (8.3) kg).
Also, our females showed greater upper arm (27.0 (1.8) cm vs

(
(
(

Table 4 Anthropometric profile chart for the total female junior tennis players (n=66)
Percentiles
5 10 25 50 75 90 95

Height (cm) 153.4 157.0 161.6 165.4 168.9 174.6 178.0
Weight (kg) 48.6 51.8 55.8 60.0 64.3 66.7 68.4
Breadth (cm) 155.8 158.3 163.3 168.2 172.4 176.6 178.8
Triceps skinfold (mm) 10.4 11.1 135 155 19.7 21.5 24.9
Biceps skinfold (mm) 4.1 4.5 5.4 7.2 8.9 11.2 12.9
Subscapular skinfold (mm) 6.2 6.6 7.5 8.8 10.7 12.9 14.0
Suprailiac skinfold (mm) 10.7 11.3 13.9 18.9 23.4 26.7 30.6
Supraspinal skinfold (mm) 6.1 6.6 8.1 10.1 12.4 16.2 19.4
Abdominal skinfold (mm) 8.4 9.7 13.3 17.2 22.8 26.5 28.3
Thigh skinfold (mm) 12.8 13.8 17.6 20.6 230 258 28.1
Calf skinfold (mm) 9.2 9.8 11.1 13.5 17.3 20.1 22.5
Upper arm relaxed girth (cm) 28,5 24.8 25.8 27.0 28.0 29.0 30.3
Upper arm flexed and tensed girth (cm) ~ 24.9 25.7 26.7 28.0 29.0 30.1 31.2
Thigh girth (cm) 442 455 47.6 50.0 51.6 53.7 54.2
Maximum calf girth (cm) 320 33.1 34.4 35.8 37.2 38.6 39.1
Humeral breadth (cm) 58 6.0 6.1 6.3 6.5 6.7 6.9
Femoral breadth (cm) 8.8 9.0 9.3 97 10.1 10.7 10.8
Body fat (%) 222 23.2 25.0 28.9 31.5 33.1 34.4
Muscle mass (%) 42.9 43.6 44.0 453 46.2 46.7 48.7
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What is already known on this topic

o The interest in anthropometric characteristics, body

composition and somatotype from different competitive

sports has been increasing in recent years.

It is well documented that for many sports there are

specific physical characteristics that indicate suitability to

compete in that sport at the highest level, the anthropo-

metric profile being an important selective factor for

success in sport.

® Quantification of the physiques of top athletes is a
reference point in relating body structure and sports
performance, and at present there is litfle data on the
physical characteristics of junior and senior tennis
players at the highest level.

What this study adds

® Our study consists of a greater sample size (123 elite
junior tennis players of the best teams: 57 males and 66

Lem(ﬂes) than ofKer similar studies.

The sample source is important as the subjects were the

best junior players in the world at the time of study.

The best players were compared with lower ranks to

ascertain if any key point could be found with regard to

anthropometric variables.

The study was carried out during the most important

competitions in the world for junior category (the Davis

Cup and Fed Cup), so all the players should be in top

physical shape.

The somatotype for this category has never been

elucidated previously.

25.5 (2.8) cm) and calf (35.7 (2.1) cm vs 34.0 (2.8) cm) girth
than those studied by Leone et al.*!

The different characteristics of the best female junior tennis
players of our study—taller, heavier, and with wider humeral
and femoral breadths—compared with the lower ranked
players, suggest this could nowadays influence playing style
in this category for this gender. This style is more aggressive, as
increased height is an advantage when serving or when trying
to reach the balls in emergency situations. By contrast, the
profile in male junior tennis players is more homogeneous than
in the female players.

Sanchis-Moysi et al* studied body composition of profes-
sional tennis players by using DEXA (dual x ray absoptiometry)
measurement, which is not comparable with the anthropo-
metric method generally used.

With respect to the anthropometric data observed in studies
of others racquet sports, the elite male junior tennis players of
our study were taller and heavier than the Asian elite squash
players” aged 20.7 (2.5) years (176.8 (6.4) cm vs 172.6
(4.3) cm and 69.9 (6.8) kg vs 67.7 (6.9) kg, respectively) and
than male badminton players” of national level aged 24.3
(4.1) years (176.8 (6.4) cm vs 175.4 (5.4) cm and 69.9 (6.8) kg
vs 64.8 (6.9) kg, respectively). Finally, when comparing the
tennis players of the present study with the top class senior
squash players evaluated by Jaski and Bale,™ our athletes were
smaller and heavier than those, and showed smaller girths,
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greater skinfold thicknesses, and similar somatotype compo-
nents.

The main limitation of this kind of study is that the results
have to be taken into account as a point of reference, but should
not be taken as an obligatory model for better performance. In
this way, the results presented can be used as a standard
reference, but should be interpreted with caution according to
individual characteristics and necessities.

A longitudinal follow-up study of these characteristics and
variables is recommended. Even though the DEXA method
would be more accurate than anthropometrical measurements,
using DEXA would not be feasible for this size of sample under
competition circumstances because of the high costs and the
limited availability of the subjects. We do think the large
sample size (123 elite junior tennis players of the best teams) is
an asset of this study compared to the other studies found in
the literature. In addition, the sample source was important as
the subjects were the best junior players in the world at the
time of testing. Furthermore, at the time of the study, the
players were competing in the most important junior competi-
tions in the world (the junior Davis Cup and Fed Cup), and
were therefore in optimal shape.

CONCLUSIONS

There were no significant differences in any of the variables
studied when comparing the first 12 and the lower ranked elite
male junior tennis players. However, significant differences
were observed in height and humeral and femoral breadth
when comparing the first 12 and the lower ranked female
players, whereby the first 12 players were significantly taller
than the lower ranked players, and had wider humeral and
femoral breadth. These differences could influence the playing
pattern in junior women, allowing a more attacking playing
style.

This study provides reference values of anthropometric
characteristics, body composition and somatotype of elite male
and female junior tennis players. This information provides a
reference frame for coaches to control the training process in
order to help improve athletes’ performance, and to improve
talent detection and identification in tennis.
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Title: World and Olympic mountain bike champions’ anthropometry, body composition

and somatotype

Abstract

The aim of the study was to describe the anthropometric profile of male Olympic cross
country (XCO) mountain bikers. Fifty one XCO bikers participated in this study,
divided into 1) an elite group who competed in top level international competitions, and
2) a non-elite group who competed at a national level. The elite group was further
classified according to whether they had been world or Olympic champion mountain
bikers -WOE- or not -NWOE-. The anthropometric profiles included the measurements
of stature height, body mass weight, arm span, skinfolds, girths, and breadths. Body
mass index (BMI), body composition and somatotype were also calculated. Elite riders
were significantly younger, had significantly lower BMI, lower percentage of fat, total
thigh area and larger thigh muscle area than the sub-elite riders, and presented
significantly lower values for the endomorphic component and higher values for the
ectomorphic component. The mean somatotype of the elite riders could be defined as
ecto-mesomorphic (1.7-4.6-3.1). Comparisons between of world or Olympic champion
mountain bikers WOE—riders and not world nor Olympic champion riders NW-OEC,
showed that the world or Olympic champion mountain WOE bikers had a significantly
higher value for training distance per year, body mass weight, arm span, upper arm girth
relaxed and upper arm girth flexed and tensed, calf girth, total upper arm area, and

upper arm muscle area than the not world nor Olympic champion NW-OE riders group.

Keywords: Anthropometry, body composition, somatotype, Olympic mountain bike.
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Introduction

Olympic cross-country mountain bike (XCO) is an individual sport which was included
as an Olympic sport since the 2000 Summer Games in Sydney. Previously, cross-
country mountain bike debuted as an Olympic demonstration sport at the Atlanta
Summer Games in 1996. XCO is an endurance event consisting of a single day mass-
start race which involves completing a pre-determined number of laps on an off-road
circuit. The winning time is typically around 1:30 h to 1:45 h for both men and women.
Each lap ranges from 4 km to 6 km in length and the course normally includes a variety
of terrains such as forest tracks, fields, road sections, and earth or gravel paths,
including significant segments of climbing and descending (International Cycling
Union, 2015). XCO performance requires the interaction of supra-maximal and sub-
maximal efforts combined with high levels of technical skill (Macdermid & Edwards,
2010).

During the past two decades, several studies have been conducted in order to determine
the physiological (Baron, 2001; Costa & De-Oliveira, 2008; Gregory, Johns, & Walls,
2007; Impellizzeri & Marcora, 2007; Impellizzeri, Marcora, Rampinini, Mognoni, &
Sassi (2005a); Impellizzeri, Rampinini, Sassi, Mognoni, & Marcora (2005b); Lee,
Martin, Anson, Grundy, & Hahn (2002); Macdermid & Stannard, 2012; Prins,
Terblanche, & Myburgh, 2007; Wilber, Zawadzki, Kearney, Shannon, & Disalvo,
1997), biomechanical (Faiss, Praz, Meichtry, Gobelet, & Deriaz, 2007; Herrick, Flohr,
Wenos, & Saunders, 2011), psychological (Lion, Gauchard, Deviterne, & Perrin, 2009),
and nutritional (Cramp, Broad, Martin, & Meyer, 2004; Som-Castillo, Sanchez-Muiloz,
Ramirez-Lechuga, & Zabala-Diaz, 2010; Zajac et al., 2014) parameters that contribute
to cross-country mountain biking performance, as well as to describe the most common

types of injury (Carmont, 2008; Chow & Kronisch, 2000; Lareau & McGinnis, 2011).
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Although the relationship between morphological characteristics and performance in
many sports is well known, such as rugby (Gabbett, Kelly, Ralph, & Driscoll, 2009),
Olympic slalom canoe and kayak paddle (Ridge, Broad, Kerr, & Ackland, 2007), road

motorcycling (Sanchez-Mufioz et al., 2011), tennis (Sanchez-Mufioz, Sanz, & Zabala,

2007) or rowing (Slater et al., 2005) {Gabbett, Kelly,Ralph,& Driscoll; 2009;Ridge;

Zabala2007Slateret-al5—2005), to our knowledge no studies have investigated the

anthropometric profile of XCO bikers and their relationship with competition level. The
purpose of our investigation therefore was to describe the anthropometric profile of
male XCO riders, and to compare the anthropometric characteristics, body composition
and somatotype at different levels of elite and sub-elite groups, and between world or
Olympic champion riders fWOE) and the rest of elite riders that were not world nor
Olympic champions @&NW-OE). We hypothesised that, given the technical requirements
of the world class tracks, those cyclists that compete at the highest level would have
higher levels of skeletal muscle mass in the upper arm in comparison to the same level

of cyclists studied previously and to those that compete at a sub-elite level.

Methods

Participants

Fifty one XCO mountain bikers (30.1 £ 3.9 years) volunteered to participate in the
study. They were divided into 1) an elite group (n=22) who competed in top level
international competitions including the World Champions and the Olympic
Champions, and constituted 20 of the 28 leading bikers in the 2011 UCI World Cup,
and 2) a non-elite group (n=29) who competed at a national level. The elite group was

further classified according to whether they had been world or Olympic champion

URL: http://mc.manuscriptcentral.com/rjsp

82



O©CONOOOADWN-=-

Journal of Sports Sciences

mountain bikers in the last ten years -WOE- (n=5) or not -NWOE- (n=17). Elite riders
were evaluated during the 2011 UCI XCO Mountain Bike World Cup (Val di Sole,
Italy), two weeks before the 2011 UCI Mountain Bike World Championships
(Champery, Switzerland). Non-¢lite bikers were evaluated before the 2011 Andalucia
Bike Race (Jaén & Cordoba, Spain). The study was approved by the Ethics Committee
of the University of Granada and written consent was obtained from each participant

prior to data collection.

Anthropometric measurements

Measurements were performed following the guidelines outlined by the International
Society for the Advancement of Kinanthropometry (ISAK) (Marfell-Jones et al., 2006).
All measurements were taken by the same experienced evaluator (ISAK-certificated
level 11 anthrepemetriereseareh). The technical error of measurement (TEM) was less
than 5% for skinfolds and less than 1% for the other measurements. Anthropometric
variables included body mass weight, stature height, 8 skinfolds (biceps, triceps,
subscapular, suprailiac, supraspinale, abdominal, thigh and medial calf), 4 girths (upper
arm relaxed, upper arm flexed and tensed, medial thigh and maximum calf), and 2
breadths (humeral and femoral). Stature Height was measured to the nearest 0.1 cm
using a stadiometer (GPM, Seritex, Inc., Carlstadt, New Jersey), and body mass weight
was measured to the nearest 0.1 kg using a portable scale (model 707, Seca Corporation,
Columbia, Maryland). Skinfold thickness were taken using a skinfold caliper (Holtain
Ltd., Crymych, UK) to the nearest 0.2 mm, and the girths were performed using a
flexible anthropometric steel tape (Holtain Ltd., Crymych, UK) to the nearest 0.1 cm.
Skinfolds were taken 3 times and the median mean was used in the analyses. The sum

of 3 skinfolds (triceps, subscapular, and supraspinale), 6 skinfolds (sum of 3, suprailiae;
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abdominal, thigh, and calf thigh), 8 skinfolds (sum of 6, biceps, and suprailiac
maxiam-ealf), upper limb (triceps, biceps, subscapular, suprailiac, supraspinale, and
abdominal), and lower limb (thigh and maximum calf), were also calculated. Body mass
index (BMI) was calculated as body mass/stature® weight/height® where body mass
weight was expressed in kilograms (kg) and stature height in meters (m). Five different
equations (Durnin & Womersley, 1974; Katch & McArdle, 1973; Sloan, 1967; Wilmore
& Behnke, 1969; Withers, Craig, Bourdon, & Norton, 1987) were used to estimate body
density. Body fat percentage (% BF) was determined by the Siri’s equation (1961).
Skeletal muscle mass Musele-mass was determined in kg using the methods of Lee et al.
(2000). Arm’s and thigh’s total, muscle and fat areas were calculated (Frisancho, 19903

5 : ith; 5 1%OH; ). Somatotype characteristics

were determined according to the Carter and Heath method (1990).

Statistical analyses

Variables are described as mean, standard deviation and range. The standardising of the
variables was carried out using the Shapiro-Wilk with Lillieforts correction and
homoscedasticity was analysed using the Levene test. After verifying that the variables
were normal, the data were analysed using non-paired t-tests F-tests (elite vs. non-elite
and world or Olympic champion mountain bikers WOE vs. not world nor Olympic
champion riders NWOC). All statistical analyses were performed using the Statistical
Package for Social Sciences (IBM SPSS Statistics for Windows, Version 21.0. Armonk,
NY: IBM Corp). Statistical significance was established at 0.05, and Cohen’s d was also

calculated.

Results
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The demographic characteristics of the sample are represented in Table 1. Elite riders
were significantly younger in age (28.2 £+ 3.1 vs. 32.4 + 3.6 years), had significantly
lower BMI (21.8 + 1.0 vs. 22.8 + 1.1 kg/m®), lower percentage of fat calculated with
different equations (Katch & McArdle, 1973; Wilmore & Behnke, 1969; Withers, Craig,
Bourdon, & Norton, 1987), total thigh area (207.5 + 15.9 vs. 225.5 + 18.5 cm?), and
smaller larger thigh muscle area (193.2 + 16.1 vs. 207.6 + 20.1 cm?) than the sub-elite
riders. In the same way, elite riders were engaged in significantly more training hours
per week (16.1 = 1.2 vs 14.0 + 2.7) and training distance per year (18409.1 + 1053.8 vs.
13970.6 + 3174.5 km) than the sub-elite riders. Somatotype differences were observed
between both, elite and sub-elite riders. Elite riders had significantly lower values for
the endomorphic component (1.7 £ 0.3 vs. 2.1 + 0.7) and higher values for the
ectomorphic component (3.1 £ 0.6 vs. 2.5 £ 0.5) than the sub-elite riders. The
somatotype of the elite riders (1.7-4.6-3.1) demonstrated that these riders were
predominantly mesomorphic, being characterised as ecto-mesomorphic according to

Carter and Heath (1990).

*****Table 1 near here*****

Table 2 compares the anthropometric characteristics of world or Olympic champion
WOC riders and not world nor Olympic champion mountain bikers NWOE. World
Championship riders showed a significantly higher value for training distance per year
(19400.0 + 1140.2 vs. 18117.7 + 857.5 km), body mass weight (70.2 + 2.8 vs. 66.1 +
3.2 kg), arm span (183.1 + 4.8 vs. 177.4 £ 4.9 cm), upper arm girth relaxed (28.6 + 0.4
vs. 27.5 £ 1.1 cm) and upper arm girth flexed and tensed (31.1 £ 0.7 vs. 29.7 + 1.1 cm),

calf girth (36.5 £ 1.1 vs. 35.2 + 1.2 cm), total upper arm area (65.0 + 2.0 vs. 60.2 + 4.6
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cn®), and upper arm muscle area (59.2 + 2.0 vs. 55.0 + 4.1 cm®). Figure 1 shows

average somatotypes of male Olympic cross-country mountain bikers.

**%**Table 2 near here*****

*Hd**Figure 1 near here™*##*

Discussion

The relationship between the morphological characteristics and performance in certain
sports specialties is well known, such as rugby (Gabbett, Kelly, Ralph, & Driscoll,
2009), Olympic slalom canoe and kayak paddle (Ridge, Broad, Kerr, & Ackland, 2007),
road motorcycling (Sanchez-Mufioz et al., 2011), tennis (Sanchez-Muifioz, Sanz, &
Zabala, 2007) or rowing (Slater et al., 2005) (Gabbettet-al52009;Ridseet-al;2007;
. By Buy

the way, to our knowledge this is the first study to determine physical profile of male
XCO mountain bikers and to establish differences by competition level, showing that
anthropometric characteristics, body composition and somatotype differ among XCO

mountain bikers of different competitive levels.

The mean age of the elite XCO bikers was significantly lower than the sub-elite
category (- 4.2 years), and also showed a significantly greater number of training hours
per week and yearly training volume (+ 2.1 hours/week and + 4439 km/year,
respectively). Also, although not statistically different, elite riders were lighter (— 2.4
kg; p=0.055) and taller (+ 0.8 cm), and had significantly lower values for the BMI (—

1.0 kg/mz), abdominal skinfold (— 2.8 mm), upper arm flexed and tensed girth (— 1.1
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cm), thigh girth (— 2.2 cm), and maximum calf (— 1.9 cm), than the sub-elite group.
Elite bikers showed significantly lower % BF (between 1.1 and 1.2 %) using three
different equations (Katch & McArdle, 1973; Wilmore & Behnke, 1969; Withers et al.,
1987) and thigh muscle area (- 14.4 cm®), and also significant differences were observed
for somatotype compared to the sub-elite mountain bikers (lower in the elite group for
the endomorphic component of the somatotype, and higher for the ectomorphic). There
were no significant differences between groups for the rest of studied variables. The
mean somatotype for the elite mountain bikers (1.7—4.6-3.1) demonstrates that these
athletes were predominantly mesomorphic, being characterised as ecto-mesomorphic
according to Carter and Heath (1990). So, XCO elite riders can be defined in general as
medium stature height (in the range from the basketball players to the gymnasts), light
body mass ligth—weigth (in the range from the weightlifters or throwers to the
marathoners), low % BF (in the range from marathoners to weightlifters or throwers)
and low skinfolds sum values, with high relative total upper arm and upper arm muscle
area.

Comparing the results of the present study with previous reports (Table 3), the elite
XCO riders were taller (175.5 vs 172.7 cm) and lighter (67.1 vs 71.5 kg) than the
professional competitive off-road cyclists evaluated by Rostami, Ansari,
Noormohammadpour, Ali Mansournia, and Kordi (2014), and presented a lower BMI
value (21.8 vs 24.0 kg/m?). Same findings were observed regarding elite Brazilian
mountain bikers investigated by Costa and De-Oliveira (2008) where our riders also
were taller (175.5 vs 174.0 cm) and lighter (67.1 vs 69.1 kg). Carpes, Mota, & Faria
(2007) reported for elite mountain bikers an higher mean stature height and body mass
weight values (185.0 vs 175.5 cm and 72.1 vs 67.1 kg, respectively) than the elite XCO

riders of the present study, and same findings were informed by Gregory et al. (2007) to
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elite level bikers with respect our riders (180.2 vs 175.5 cm and 71.6 vs 67.1 kg,
respectively). Elite XCO riders were shorter (175.5 vs 179.9 cm) and lighter (67.1 vs
69.4 kg) than the elite bikers of the German national cycling team (Stapelfeldt,
Schwirtz, Schumacher, & Hillebrecht, 2004), were shorter (175.5 vs 178.0 cm) and
heavier (67.1 vs 65.3 kg) than the Australian nationally and internationally competitive
cross-country mountain bikers (Lee et al., 2002), and were lighter (67.1 vs 71.5 kg) and
presented similar stature height value (175.5 vs 176.0 cm) than the cyclists of the USA
cross-country team (Wilber et al., 1997). Warner, Shaw, and Dalsky (2002) reported for
elite level mountain bikers a lower mean stature height value (180.4 vs 175.5 cm) and
an higher mean body mass weight value (78.7 vs 67.1 kg) than the elite XCO riders of
the present study, while Sewall and Fernhall (1995) informed for expert and
professional off-road cyclists a similar mean stature height value (176.7 vs 175.5 cm)
and a higher mean body mass weight value (70.5 vs 67.1 kg) than our riders. Finally,
elite XCO riders of the present study were shorter (175.5 vs 185.1 cm) and lighter (67.1
vs 68.0 kg) than the elite downhill bikers evaluated by Sperlich et al. (2012). On the
other hand, the sub-elite XCO riders of the present study were shorter (174.7 vs 177.9
cm) and presented a similar mean body mass men weight value (69.5 vs 68.7 kg) than
the regional and national level XCO bikers evaluated by Inoue, S Filho, Mello, and
Santos (2012). Regarding nationally competitive cross country mountain bike cyclists
investigated by Mcdermid and Stannard (2012) our riders were shorter (176.0 vs 174.7
cm) and heavier (66.9 vs 69.5 kg). Sub-elite XCO riders were shorter (174.7 vs 179.0
cm) and lighter (69.5 vs 74.8 kg), and presented similar mean BMI value (22.8 vs 23.2
kg/m®) than the sub-elite cross-country bikers participants of the 2008 Swiss Bike
Masters race (Knechtle, Knechtle, Rosemann, & Senn, 2009). They were heavier (69.5

vs 67.0 kg) and showed similar mean stature height value (174.7 vs 175.2 cm) than sub-
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elite mountain bikers investigated by Costa, Carminatti, Nakamura, and De-Oliveira
(2008), and were shorter (174.7 vs 177.0 cm) and heavier (69.5 vs 65.0 kg) than under-
23 regional, national and international cross-country cyclists (Impellizzeri et al., 2005b).
Cramp, Broad, Martin, and Meyer (2004) reported for trained mountain bikers an higher
mean stature height and similar body mass weight values (179.0 vs 174.7 cm and 69.0
vs 69.5 kg, respectively) than the sub-elite XCO riders of the present study, and
different findings were informed by McRae, Hise, and Allen (2000) to sub-clite
mountain bike cyclists with respect our riders in case of mean body mass wetght values
(179.5 vs 174.7 cm and 76.9 vs 69.5 kg, respectively). Impellizzeri, Sassi, Rodriguez-
Alonso, Mognoni, and Marcora (2002) reported for sub-elite mountain bikers a similar
mean stature height value (174.6 vs 174.7 cm) and a lower mean body mass weight
value (64.3 vs 69.5 kg) than the sub-elite XCO riders of the present study, while Nielens
and Lejeune (2001) informed for competitive racers same finding to mean stature height
value (175.0 vs 174.7 c¢cm), but their riders also presented similar mean body mass
weight value (70.2 vs 69.5 kg) than our riders. Finally, sub-clite XCO riders of the
present study were shorter (174.7 vs 180.4 cm) and lighter (69.5 vs 77.9 kg) than the
sub-elite ultra-marathon bikers (Chlibkova et al., 2014), and also were shorter (174.7 vs
179.0 cm) and lighter (69.5 vs 77.6 kg) than the sub-elite downhill bikers evaluated by
Hurst and Atkins (2006). It was not possible to compare %BF because the used
equations were different, nor the sum of skinfolds because they were different or not

reported.

*****Table 3 near here*****
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Comparing the results obtained between the world or Olympic champion mountain
bikers WOE and not world nor Olympic champion NW-OE€ riders, the mean training
volume of 19400+1140.2 km/year of the world or Olympic champion mountain WOE
bikers was significantly greater than the not world nor Olympic champion NWOE
riders (+ 1282.3 km/year). Also they were significantly taller (+ 3.8 cm) and heavier (+
4.1 kg), showing also signifieantly higher values for the arm span (+ 5.7 cm), upper arm
relaxed (+ 1.1 cm), upper arm flexed and tensed girth (+ 1.4 cm), and maximum calf (+
1.3 cm), than the not world or Olympic champion NW-O€E mountain bikers. In the same
sense, world or Olympic mountain WOE bikers showed significantly higher total upper
arm area and upper arm muscle area (+ 4.8 cm® and + 3.6 cm’, respectively). Non-
significant differences between groups were observed for the rest of studied variables.
In XCO mountain bike races, there are constant velocity changes with a great
importance of accelerating the bike after curves or obstacles that slow velocity, or even
in the massive start in which getting the best position from sinee the beginning is a
crucial tactical advantage. Therefore, being a light body mass weight athlete is an
advantage to make more effective and/or efficient the required numerous accelerations.
Also, since 2007, the rules and the characteristics of the tracks have been changed (from
2h to 1h 30, and including more difficult specific technical zones -e.g. “rock garden”
zones-), so that riders need to be also strong enough to perform the required skills in a

shorter race duration.

Because body mass could explain 10 to 20 % of the performance during climbing
(Swain, 1994), it could be argued that years ago a lower body mass in XCO riders could
lead to a better performance (Lee et al.,, 2002). Years ago as international XCO
competitions emphasized climbing, it was logical that small and light riders could have

a performance advantage because of the great importance of uphill segments among the
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course (Lee et al., 2002), and this is why riders in 1997-2000 period showed
approximately 60 kg of body mass, while the average body mass for the top five placed
male mountain bikers competing at the Sydney 2000 Olympic Games was 63.6£7.9 kg.
Nevertheless, from 2001 to 2004 world champions showed an average body mass of 72
kg (Impellizzeri & Marcora, 2007), while the average body mass of the 2005-2008
world champions was of 69.4 kg, being de 70.2 kg the one of the 2009-2012 world
champions (our previous unpublished measurements). Since 2007 season, especially
since 2008 Olympic Games, XCO mountain bike has evolved into a shorter, more
explosive and technique (with dubbies, rocks sections, jumps, inclined curves...) event,
and this evolution seems to affect the gain in riders’ upper arm muscle mass to better
perform the required skills. In fact, nowadays technical requirements in XCO races have
been increased more and more since 2010 to 2012 seasons, may be mediated by the goal
of seeleby the UCI of a more spectacular event for the audience. In any case, the
relationship between power generated by the rider and body mass (watts/kg) is still very
important for the uphills and accelerations at the same time the upper arm strength is
needed to execute repeatedly the required skills.

A comparison with other cycling disciplines revealed that the stature height of the elite
male XCO riders of the present study (175.5+4.6) is lower than the elite BMX riders
(177.3-180.0 cm) (Bertucci & Hourde, 2011; Hodgkins, Slyter, Adams, Berning, &
Warner, 2001; Louis et al., 2013; Novak & Dascombe, 2014; Slyter et al., 2001; Zabala
et al., 2011), elite track cyclists riders (179.3-186.3 cm) (Craig et al., 1993; Dorel et al.,
2005; Foley, Bird, & White, 1989; Schumacher & Mueller, 2002), and most
investigated professional road cyclists (176.0-186.0 cm) (Abergel et al., 2004; Aguilo et
al., 2003; Anton et al., 2007; Campion et al., 2010; Campos et al., 2012; Chicharro,

Hoyos, & Lucia, 2000; Chow & Kronisch, 2000; Fernandez-Garcia, Terrados, Pérez-
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Landaluce, & Rodriguez-Alonso, 2000; Foley et al., 1989; Hagberg, Mullin, Bahrke, &
Limburg, 1979; Hug, Bendahan, Le Fur, Cozzone, & Grélot, 2004; Lucia, Hoyos, &
Chicharro, 2001; Lucia et al., 2000; Manetta, et al., 2002; Menaspa, Sassi, &
Impellizzeri, 2010; Menaspa et al., 2012; Novak & Dascombe, 2014; Padilla, Mujika,
Cuesta, & Goiriena, 1999; Sallet, Mathieu, Fenech, & Baverel, 2006; Vogt et al., 2005;
Warner, Shaw, & Dalsky, 2002; White, Quinn, Al-Dawalibi, & Mulhall, 1982b). The
elite XCO riders of our investigation (67.1+3.5 kg) were lighter leaner than the clite
BMX riders (74.2-81.3 kg) (Bertucci & Hourde, 2011; Hodgkins et al., 2001; Louis et
al., 2013; Novak & Dascombe, 2014; Slyter et al., 2001; Zabala et al., 2011), elite track
cyclists (71.1-83.0 kg) (Craig et al., 1993; Dorel et al., 2005; Foley et al., 1989;
Schumacher & Mueller, 2002), and professional road cyclists in all specialties (67.6-
74.4 kg) (Abergel et al., 2004; Aguild et al., 2003; Antdn et al., 2007; Campion et al.,
2010; Campos et al., 2012; Chicharro et al., 2000; Chow & Kronisch, 2000; Fernandez-
Garcia et al., 2000; Foley et al., 1989; Hagberg et al., 1979; Hug et al., 2004; Lucia et
al., 2001; Lucia et al., 2000; Manetta, et al., 2002; Menaspa et al., 2010; Menaspa et al.,
2012; Novak & Dascombe, 2014; Padilla et al., 1999; Sallet et al., 2006; Vogt et al.,
2005; Warner et al., 2002; White et al., 1982b), except in the case of climber road
cyclists that were leaner than the elite XCO riders of this study (59.7-67.0 kg) (Lucia,
Joyos, & Chicharro, 2000; Menaspa et al., 2010; Menaspa et al., 2012; Padilla et al.,
1999; Sallet et al., 2006). Mean BMI value of our elite XCO bikers (21.8+1.0 kg/mz)
was lower than those international level BMX riders studied by Louis et al. (2013)
(24.241.6 kg/m?) and similar to the values reported in professional road cyclists (20.0-
22.4 kg/mz) (Aguild et al., 2003; Campion et al., 2010; Chicharro et al., 2000; Corsetti
et al., 2012; Hug et al., 2004; Lucia et al., 2001; Lucia et al., 2000; Menaspa et al.,

2012; Vogt et al.,, 2005). Percentage of body fat of elitt XCO mountain bikers
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determined by Durnin and Womersley equation’s (1974) (9.5£2.0 %) was lower than
the British Olympic track cyclists reported by White et al. (1982a) (10.8+0.5 %) and
higher than the professional road cyclists studied by Sallet, Mathieu, Fenech, and
Baverel (2006) (8.5+£1.6 %). Finally, mean somatotype of elite XCO riders of the
present study was less endomorphic and mesomorphic but slightly more ectomorphic
than the sprint and pursuit track cyclists reported by Foley, Bird, and White (1989),
showing similar somatotype to British Olympic road cyclists analyzed by White, Quinn,
Al-Dawalibi, and Mulhall (1982b) and similar to professional road cyclists investigated

by Foley et al. (1989).

Swain (1994) reported an average % BF of approximately 6.4% in high-level off-road
cyclists and between 8.5% and 14.3% in elite mountain bikers, suggesting an
association between relative body composition and competitive level. From our study,
XCO riders also showed a higher % BF which can mean that it is not as important as for
road cycling climbers, so the association between body mass per se and performance is
not as strong as it was suggested in the past, while body composition seems to be more
important. In fact, in the 90s XCO was a more amateur sport than years later so the
higher % BF could be related to this fact. Later the % BF was similar to the road cycling
climbers, and nowadays the difference is mainly perceived in a slightly higher % BF but
especially in the increase of the upper arm muscle mass due to a shorter event that

requires a higher strength from the arms in technical segments.

It is important to point out that, like in the present study and as suggested by Legaz
Arrese, Gonzélez Badillo, and Serrano Ostariz (2005), all the studies should report the
values of the skinfolds, to make possible the comparison between different samples and

studies. This is why this study appears to be the first of their kind including all the
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anthropometrical variables, body composition and somatotype from elite XCO riders of

different performance level.

The main strengths of this study are that a) it is the first time that anthropometrical,
somatotype, and body composition variables are measured in XCO mountain biking; b)
the quality of the subjects studied (they were the best riders in the world at the time of
study); c) the best riders were compared with lower ranked to ascertain if any difference
could be found with regard to anthropometric variables; d) the study was carried out
during one of the most important competitions in the world for elite riders, so all the
cyclists should be in top physical shape. The main limitation of this of study is that the
results have to be taken into account as a point of reference, but should not be taken as
an obligatory model for the best performance. In this sense, the results presented can be
used as a standard reference, but should be interpreted with caution according to
individual characteristics and necessities. For further research, a longitudinal follow-up
study of these characteristics and variables is recommended. Even though the DEXA
method would be more accurate than anthropometrical measurements, using DEXA
would not be feasible for this kind of sample under competition circumstances because
of the high costs and the limited availability of the subjects. From a practical point of
view, this study provides reference values of anthropometric characteristics, body
composition and somatotype of elite male XCO mountain bikers, and this information
provides a reference frame for coaches to control the training process in order to help
improve athletes’ performance, and to improve talent detection and identification in

mountain biking.

Conclusions
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The present study gives valuable data of reference data on anthropometry, body
composition and somatotype of elite XCO mountain bikers at different competitive
levels. Elite and world or Olympic champion WOE riders showed physical differences
from sub-elite and not world nor Olympic mountain NW-OE bikers, respectively. The
use of anthropometry to study the physical characteristics and body composition of
XCO riders provides practical information to enhance performance in competitive
mountain bike. Also, anthropometric data could be used by coaches to identify young

talents and to evaluate the morphological profile of their bikers.

References

Abergel, E., Chatellier, G., Hagege, A.A., Oblak, A., Linhart, A., Ducardonnet, A., &
Menard, J. (2004). Serial left ventricular adaptations in world-class professional
cyclists. Journal of the American College of Cardiology, 44, 144-149.

Aguilo, A., Tauler, P., Guix, M.P., Villa, G., Cérdova, A., Tur, J.A., & Pons, A. (2003).
Effect of exercise intensity and training on antioxidants and cholesterol profile
in cylists. The Journal of Nutritional Biochemistry, 14, 319-325.

Anton, M.M., Izquierdo, M., Ibanez, J., Asiain, X., Mendiguchia, J., & Gorostiaga,
E.M. (2007). Flat and uphill climb time trial performance prediction in elite
amateur cyclists. International Journal of Sports Medicine, 28, 306-313.

Ball, S.D., Altena, T.S., & Stan, P.D. (2004a). Comparison of anthropometry to DXA: a
new prediction equation for men. European Journal of Clinical Nutrition, 58,

1525-1531.

URL: http://mc.manuscriptcentral.com/rjsp

95

Page 16 of 34



Page 17 of 34

O©CoONOOOADWN-=

Journal of Sports Sciences

Ball, S.D., Stan, P., & Desimone, R. (2004b). Accuracy of anthropometry compared to
dual energy X-ray absorptiometry. A new generalizable equation for women.
Research Quarterly for Exercise and Sport, 75, 248-258.

Baron, R. (2001) Aerobic and anaerobic power characteristics of off-road cyclists.
Medlicine and Science in Sports and Exercise, 33, 1387-1393.

Bertucci, W.M., & Hourde, C. (2011). Laboratory testing and field performance in
BMX riders. Journal of Sports Science & Medicine, 10, 417-419.

Campion, F., Nevill, A.M., Karlsson, M.K., Lounana, J., Shabani, M., Fardellone, P., &
Medelli, J. Bone status in professional cyclists. (2010). International Journal of
Sports Medicine, 31, 511-515.

Campos, E.Z., Bastos, F.N., Papoti, M., Freitas Junior, I.F., Gobatto, C.A., & Balikian
Junior, P. (2012). The effects of physical fitness and body composition on
oxygen consumption and heart rate recovery after high-intensity exercise.
International Journal of Sports Medicine, 33, 621-626.

Carmont, M.R. (2008). Mountain biking injuries: a review. British Medical Bulletin,
85,101-112.

Carpes, F.P., Mota, C.B., & Faria, I.E. (2007). Heart rate response during a mountain-
bike event: a case report. Journal of Exercise Physiology Online, 10, 12-20.

Carter, J.E.L., & Heath, B.H. (1990). Somatotyping: development and applications.
Cambridge, UK: Cambridge University Press.

Chicharro, J.L., Hoyos, J., & Lucia, A. (2000). Effects of endurance training on the
isocapnic buffering and hypocapnic hyperventilation phases in profesional
cyclists. British Journal of Sports Medicine, 34, 450-455.

Chlibkova, D., Knechtle, B., Rosemann, T., Zakovska, A., Tomaskova, 1., Shortall,

M., & Tomaskova, 1. (2014). Changes in foot volume, body composition, and

URL: http://mc.manuscriptcentral.com/rjsp

96



O©CoONOOADWN-=-

Journal of Sports Sciences

hydration status in male and female 24-hour ultra-mountain bikers. Journal of
the International Society of Sports Nutrition, 11, 12.

Chow, T.K., & Kronisch, R.L. (2000). Mechanisms of injury in competitive off-road
bicycling. Wilderness & Environmental Medicine. 2002, 13, 27-30.

Corsetti, R., Lombardi, G., Lanteri, P., Colombini, A., Graziani, R., & Banfi, G.
(2012). Haematological and iron metabolism parameters in professional
cyclists during the Giro d’Italia 3-weeks stage race. Clinical Chemistry and
Laboratory Medicine, 50, 949-956.

Costa, V.P., & De-Oliveira, F.R. (2008). Physiological variables to predict
performance in cross-country mountain bike races. Journal of Exercise
Physiology Online, 11, 14-24.

Costa, V.P., Carminatti, L.J., Nakamura, F.Y., & De-Oliveira, FR. (2008). Morph-
physiological similarities between road cyclists and mountain bikers. Italian
Journal of Sports Sciences, 1, 11-16.

Craig, N.P., Norton, K.I., Bourdon, P.C., Woolford, S.M., Stanef, T., Squires, B.,
Olds, T.S., Conyers, R.A., & Walsh, C.B. (1993). Aerobic and anaerobic
indices contributing to track endurance cycling performance. European
Journal of Applied Physiology and Occupational Physiology, 67, 150-158.

Cramp, T., Broad, E., Martin, D., & Meyer, B.J. (2004). Effects of Prexercise
Carbohydrate ingestion on mountain bike performance. Medicine and Science
in Sports and Exercise, 36, 1602-1609.

Dorel, S., Hautier, C.A., Rambaud, O., Rouffet, D., Van Praagh, E, Lacour, J.R., &
Bourdin, M. (2005). Torque and power-velocity relationships in cycling:
relevance to track sprint performance in world-class cyclists. International

Journal of Sports Medicine, 26, 739-746.

URL: http://mc.manuscriptcentral.com/rjsp

97

Page 18 of 34



Page 19 of 34

O©CoONOOOADWN-=

Journal of Sports Sciences

Durnin J.V., & Womersley, J. (1974). Body fat assessed from total body density and
its estimation from skinfold thicknesses measurements on 481 men and
women aged 16-72 years. British Journal of Nutrition, 32, 77-97.

Faiss, R., Praz, M., Meichtry, A., Gobelet, C., & Deriaz, O. (2007). The effect of
mountain bike suspensions on vibrations and off-road uphill performance. The
Journal of Sports Medicine and Physical Fitness, 47, 151-158.

Fernandez-Garcia, B., Terrados, N., Pérez-Landaluce, J., & Rodriguez-Alonso, M.
(2000). Intensity of exercise during road race pro-cycling competition.
Medicine and Science in Sports and Exercise, 32, 1002-1006.

Foley, J.P., Bird, S.R, & White, J.A. (1989). Anthropometric comparison of cyclists
from different events. British Journal of Sports Medecine, 23, 30-33.

Frisancho, A.R. (1990). Anthropometric standards for the assessment of growth and
nutritional status. Ann Arbor, MI: University of Michigan Press.

Gabbett, T., Kelly, J.,, Ralph, S., & Driscoll, D. (2009). Physiological and
anthropometric characteristics of junior elite and sub-elite rugby league
players, with special reference to starters and non-starters. Journal of Science
and Medicine in Sport, 12,215-222.

Gonzalez-Haro, C., Galilea, P.A., Gonzalez-de-Suso, J.M., Drobnic, F., & Escanero,
J.F. (2007). Maximal lipidic power in high competitive level triathletes and
cyclists. British Journal of Sports Medicine, 41, 23-28.

Gregory, J., Johns, D.P., & Walls, J.T. (2007). Relative vs. absolute physiological
measures as predictors of mountain bike cross-country race performance.

Journal of Strength and Conditioning Research, 21, 17-22.

URL: http://mc.manuscriptcentral.com/rjsp

98



O©CoONOOADWN-=-

Journal of Sports Sciences

Hagberg, J.M., Mullin, J.P., Bahrke, M., & Limburg, J. (1979). Physiological profiles
and selected psychological characteristics of national class American cyclists.
The Journal of Sports Medicine, 19, 341-346.

Herrick, J.E., Flohr, J.A., Wenos, D.L., & Saunders, M.J. (2011). Comparison of
physiological responses and performance between mountain bicycles with
differing suspension systems. International Journal of Sports Physiology and
Performance, 6, 546-558.

Hodgkins, T.D., Slyter, M.S., Adams, K.J., Berning, J.M., & Warner, S. (2001). A
comparison of anaerobic power and ranking among professional BMX racers.
Med Sci Sports Exerc, 33 Supplement 1, S246

Hug, F., Bendahan, D., Le Fur, Y., Cozzone, P.J., & Grélot, L. (2004). Heterogeneity
of muscle recruitment pattern during pedaling in profesional road cyclists: a
magnetic resonance imaging and electromyography study. European Journal
of Applied Physiology, 92, 334-342.

Hurst, H.T., & Atkins, S. (2006). Power output of field-based downhill mountain
biking. Journal of Sports Sciences, 24, 1047-1053.

Impellizzeri, F.M, & Marcora SM. (2007). The physiology of mountain biking. Sports
Medicine, 37, 59-71.

Impellizzeri, F.M., Ebert, T., Sassi, A., Menaspa, P., Rampinini, E., Martin, D.T.
(2008). Level ground and uphill cycling ability in elite female mountain bikers
and road cyclists. European Journal of Applied Physiology, 102, 335-341.

Impellizzeri, F.M., Marcora, S.M., Rampinini, E., Mognoni, P., & Sassi, A. (2005a).
Correlations between physiological variables and performance in high level
cross country off road cyclists. British Journal of Sports Medicine, 39, 747-

751.

URL: http://mc.manuscriptcentral.com/rjsp

99

Page 20 of 34



Page 21 of 34

O©CoONOOOADWN-=

Journal of Sports Sciences

Impellizzeri, F.M., Rampinini, E., Sassi, A., Mognoni, P., & Marcora, S. (2005b).
Physiological correlates to off-road cycling performance. Journal of Sports
Sciences, 23, 41-47.

Impellizzeri, F.M., Sassi, A., Rodriguez-Alonso, M., Mognoni, P., & Marcora, S.
(2002). Exercise intensity during off-road cycling competitions. Medicine and
Science in Sports and Exercise, 34, 1808-1813.

Inoue, A., Sa Filho, A.S., Mello, F.C.M., & Santos, T.M. (2012). Relationship
between anaerobic cycling tests and mountain bike cross-country
performance. Journal of Strength and Conditioning Research, 26, 1589-1593.

International Cycling Union. Part IV: Mountain Bike. UCI regulations. Retrieved

from http://www.uci.ch/mm/Document/

News/Rulesandregulation/16/72/76/MTBReglementsENG English.pdf.

Jackson, A.S., & Pollock, M.L. (1978). Generalized equations for predicting body
density of men. British Journal of Nutrition, 40, 497-504.

Jackson, A.S., Pollock, M.L., & Ward, A. (1980). Generalized equations for predicting
body density of women. Medicine and Science in Sports and Exercise, 12,
175-182.

Katch, F.I., & McArdle, W.D. (1973). Prediction of body density from simple
anthropometric measurements in college-age men and women. Human
Biology, 45, 445-455.

Knechtle, B., Knechtle, P., Rosemann, T., & Senn, O. (2009). No dehydration in
mountain bike ultra-marathoners. Clinical Journal of Sport Medicine, 19, 415-

420.

URL: http://mc.manuscriptcentral.com/rjsp

100



O©CoONOOADWN-=-

Journal of Sports Sciences

Lareau, S.A., & McGinnis, H.D. (2011). Injuries in mountain bike racing: frequency
of injuries in endurance versus cross country mountain bike races. Wilderness
& Environmental Medice, 22, 222-227.

Lee, H., Martin, D.T., Anson, J.M., Grundy, D., & Hahn, A.G. (2002). Physiological
characteristics of successful mountain bikers and professional road cyclists.
Journal of Sports Sciences, 20, 1001-1008.

Lee, R.C., Wang, Z., Heo, M., Ross, R., Janssen, 1., & Heymsfield, S.B. (2000). Total-
body skeletal muscle mass: development and cross-validation of
anthropometric prediction models. The American Journal of Clinical
Nutrition, 72, 796-803.

Legaz Arrese, A., Gonzalez Badillo, J.J., & Serrano Ostariz, E. (2005). Differences in
skinfold thicknesses and fat distribution among top-class runners. The Journal
of Sports Medicine and Physical Fitness, 45, 512-517.

Lion, A., Gauchard, G.C., Deviterne, D., & Perrin, P.P. (2009). Differentiated
influence of off-road and on-road cycling practice on balance control and the
related-neurosensory organization. Journal of Electromyography and
Kinesiology, 19, 623-630.

Lohman, T.G. (1981). Skinfolds and body density and their relation to body fatness: a
review. Human Biology, 53, 181-225.

Louis, J., Billaut, F., Bernad, T., Vettoretti, F., Hausswirth, C., & Brisswalter, J.
(2013). Physiological demands of a simulated BMX competition.
International Journal of Sports Medicine, 34, 491-496.

Lucia, A., Hoyos, J., & Chicharro, J.L. (2001). Preferred pedalling cadence in
professional cycling. Medicine and Science in Sports and Exercise, 33, 1361-

1366.

URL: http://mc.manuscriptcentral.com/rjsp

101

Page 22 of 34



Page 23 of 34

O©CoONOOOADWN-=

Journal of Sports Sciences

Lucia, A., Joyos, H., & Chicharro, J.L. (2000). Physiological response to professional
road cycling: climbers vs. time trialists. [nternational Journal of Sports
Medicine, 21, 505-512.

Macdermid, P.W., & Edwards, A.M. (2010). Influence of crank length on cycle
ergomety performance of well-trained female cross-country mountain bike
athletes. European Journal of Applied Physiology, 108, 177-182.

Macdermid, P.W., & Stannard, S. (2012). Mechanical work and physiological
responses to simulated cross country mountain bike racing. Journal of Sports
Sciences, 30, 1491-1501.

MacRae, H. S.-H., Hise, K.J., & Allen, P.J. (2000). Effects of front and dual
suspension mountain bike systems on uphill cycling performance. Medicine
and Science in Sports and Exercise, 32, 1276-1280.

Manetta, J., Brun, J.F., Maimoun, L., Galy, O., Coste, O., Maso, F., Taibaut, J.L.,
Benezis, C., Lac, G., & Mercier, J. (2002). Carbohydrate dependence during
hard-intensity exercise in trained cyclists in the competitive season:
importance of training status. International Journal of Sports Medicine, 23,
516-523.

Marfell-Jones, M., Olds, T., Stewart, A., & Carter, L. (2000). International standards
for anthropometric assessment. Potchefstroom, South Africa: ISAK.

Menaspa, P., Rampinini, E., Bosio, A., Carlomagno, D., Tiggio, M., & Sassi, A.
(2012). Physiological and anthropometric characteristics of junior cyclists of
different specialties and performance levels. Scandinavian Journal of

Medicine & Science in Sports, 22, 392-398.

URL: http://mc.manuscriptcentral.com/rjsp

102



O©CoONOOADWN-=-

Journal of Sports Sciences

Menaspa, P., Sassi, A., & Impellizzeri, F.M. (2010). Aerobic fitness variables do not
predict the professional career of young cyclists. Medicine and Science in
Sports and Exercise, 42, 805-812.

Nielens, H., & Lejeune, T.M. (2001). Energy cost of riding bicycles with shock
absorption systems on a flat surface. International Journal of Sports Medicine,
22, 400-404.

Novak, A.R, & Dascombe, B.J. (2014). Physiological and performance characteristics
of road, mountain bike and BMX cyclists. Journal of Science and Cycling, 3,
9-16.

Padilla, S., Mujika, 1., Cuesta, G., & Goiriena, J.J. (1999). Level ground and uphill
cycling ability in professional road cycling. Medicine and Science in Sports
and Exercise, 31, 878-885.

Prins, L., Terblanche, E., & Myburgh, K.H. (2007). Field and laboratory correlates of
performance in competitive cross-country mountain bikers. Journal of Sports
Sciences, 25, 927-935.

Ridge, B.R., Broad, E., Kerr, D.A., & Ackland, T.R. (2007). Morphological
characteristics of Olympic slalom canoe and kayak paddlers. European
Journal of Sport Science, 7, 107-113.

Rose, S., & Peters-Futre, E.M. (2010). Ad libitum adjustments to fluid intake during
cool environmental conditions maintain hydration status during a 3-day
mountain bike race. British Journal of Sports Medicine, 44, 430-436.

Rostami, M., Ansari, M., Noormohammadpour, P., Ali Mansournia, M., & Kordi, R.
(2014). Ultrasound assessment of trunk muscles and back flexibility, strength
and endurance in off-road cyclists with and without low back pain. Journal of

Back Musculoskeletal Rehabilitation. [Epub ahead of print]

URL: http://mc.manuscriptcentral.com/rjsp

103

Page 24 of 34



Page 25 of 34

O©CoONOOOADWN-=

Journal of Sports Sciences

Sallet, P., Mathieu, R., Fenech, G., & Baverel, G. (2006). Physiological differences of
elite and professional road cyclists related to competition level and rider
specialization. The Journal of Sports Medicine and Physical Fitness, 46, 361-
365.

Sanchez-Muiloz, C., Rodriguez, M.A., Casimiro-Andujar, A.J., Ortega, F.B., Mateo-
March, M., & Zabala, M. (2011). Physical profile of elite young motorcyclists.
International Journal of Sports Medicine, 32, 788-793.

Sanchez-Muiloz, C., Sanz, D., & Zabala, M. (2007).Anthropometric characteristics,
body composition and somatotype of elite junior tennis players. British
Journal of Sports Medicine, 41, 793-799.

Schenk, K., Gatterer, H., Ferrari, M., Ferrari, P., Cascio, V.L., & Burtscher, M. (2010).
Bike Transalp 2008: liquid intake and its effect on the body's fluid
homeostasis in the course of a multistage, cross-country, MTB marathon race
in the central Alps. Clinical Journal of Sport Medicine, 20, 47-52.

Schumacher, Y.O., & Mueller, P. (2002). The 4000-m team pursuit cycling world
record: theoretical and practical aspects. Medicine and Science in Sports and
Exercise, 34, 1029-1036.

Sewall, K.A., & Fernhall, B. (1995). Physiological characteristics and their
relationship to performance in off-road cycling. Sports Med, Training and
Rehab, 6, 89-95.

Siri, W.E. (1961). Body composition from fluid space and density. In: Brozek, J., &
Hanschel, A. Techniques for measuring body composition. Washington, DC:

National Academy of Science, 223-224.

URL: http://mc.manuscriptcentral.com/rjsp

104



O©CoONOOADWN-=-

Journal of Sports Sciences

Slater, G.J., Rice, A.J., Mukika, 1., Hahn, A.G., Sharpe, K., & Jenkins, D.G. (2005).
Physique traits of lightweight rowers and their relationship to competitive
success. British Journal of Sports Medicine, 39, 736-741.

Sloan, A.W. (1967). Estimation of body fat in young men. J Applied Physiol, 23, 311-
315.

Slyter, M.S., Pinkham, K.K., Adams, K.J., Durham, M.P., Moss, C.K., & Wenger,
T.E. (2001). Comparison of lower body power output between expert and
professional bicycle motor cross. Medicine and Science in Sports and
Exercise, 33 Supplement 1, S157.

Som-Castillo, A., Sanchez-Muiioz, C., Ramirez-Lechuga, J., & Zabala-Diaz, M.
(2010). Analysis of the feeding habits in cyclists of the Spanish National
Mountain Bike Team. Nutricion Hospitalaria, 25, 85-90.

Sperlich, B., Achtzehn, S., Buhr, M., Zinner, C., Zelle, S., & Holmberg, H.C. (2012).
Salivary cortisol, heart rate, and blood lactate responses during elite downhill
mountain bike racing. International Journal of Sports Physiology and
Performance, 7,47-52.

Stapelfeldt, B., Schwirtz, A., Schumacher, Y.O., & Hillebrecht, M. (2004). Workload
demands in mountain bike racing. International Journal of Sports Medicine,
25, 294-300.

Swain, D.P. (1994). The influence of body mass in endurance bicycling. Medicine and
Science in Sports and Exercise, 26, 58-63.

Vogt, S., Heinrich, L., Schumacher, Y.O., GroBhauser, M., Blum, A., Konig, D., Berg,
A., & Schmid, A. (2005). Energy intake and energy expenditure of elite
cyclists during preseason training. International Journal of Sports Medicine,

26, 701-706.

URL: http://mc.manuscriptcentral.com/rjsp

105

Page 26 of 34



Page 27 of 34

O©CoONOOOADWN-=

Journal of Sports Sciences

Warner, S.E., Shaw, J.M., & Dalsky, G.P. (2002). Bone mineral density of competitive
male mountain and road cyclists. Bone, 30, 281-286.

White, J.A., Quinn, G., Al-Dawalibi, M., & Mulhall, J. (1982a). Seasonal changes in
cyclists' performance. Part II. The British Olympic track squad. British
Journal of Sports Medicine, 16, 13-21.

White, J.A., Quinn, G., Al-Dawalibi, M., & Mulhall, J. (1982b). Seasonal changes in
cyclists' performance. Part I. The British Olympic road race squad. British
Journal of Sports Medicine, 16, 4-12.

Wilber, R.L., Zawadzki, K.M., Kearney, J.T., Shannon, M.P., & Disalvo, D. (1997).
Physiological profiles of elite off-road and road cyclists. Med Sci Sports
Exerc, 29, 1090-1094.

Wilmore, J.H., & Behnke, A.R. (1969). An anthropometric estimation of body density
and lean body weight in young men. Journal of Applied Physiology, 27, 25-31.

Withers, R.T., Craig, N.P., Bourdon, P.C., & Norton, K.I. (1987). Relative body fat
and anthropometric prediction of body density of male athletes. European
Journal of Applied Physiololy and Occupational Physiology, 56, 191-200.

Withers, R.T., Smith, D.A., Chatteron, B.E., Scultz, C.G., & Gaffney, R.D. (1992).
Comparison of four methods of estimating the body composition of male
endurance athletes. Eur J Clin Nutr, 46, 773-784.

Yamaner, F., Atmaca, H., Bayraktaroglu, T., Aydin, M., & Aydemir, S. (2011).
Gonadal function in male mountain bikers. Journal of Strength and
Conditional Research, 25,2311-2315.

Zabala, M., Peinado, A.B., Calderon, F.J., Sampedro, J., Castillo, M.J., & Benito, PJ.

(2011). Bicarbonate ingestion has no ergogenic effect on consecutive all out

URL: http://mc.manuscriptcentral.com/rjsp

106



O©CoONOOADWN-=-

Journal of Sports Sciences Page 28 of 34

sprint tests in BMX elite cyclists. European Journal of Applied Physiology,
111,3127-3134.

Zajac, A., Poprzecki, S., Maszczyk, A., Czuba, M., Michalczyk, M., & Zydek, G.
(2014). The effects of a ketogenic diet on exercise metabolism and physical

performance in off-road cyclists. Nutrients, 6: 2493-2508.

URL: http://mc.manuscriptcentral.com/rjsp

107



Page 29 of 34

O©CoONOOOADWN-=

Journal of Sports Sciences
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Table 1. Anthropometric characteristics, body composition and somatotypes of the total

sample, and elite and sub-elite bikers (mean + SD, range, and p value).

Table 2. Differences in anthropometric characteristics, body composition and
somatotypes among elite riders: world or Olympic champion mountain bikers vs. the

rest elite bikers (mean + SD, range, and p value).

Table 3. Summary table of studies examining age, stature height, body mass weight,
BMI, body fat percentage, sum of skinfolds and skeletal muscle mass of mountain

bikers of different events (mean + standard deviation).

Figure 1. Average somatotypes of male Olympic cross-country mountain bikers in the

present study: elite O (n = 22), sub-elite  (n 4 29), world and Olympic champions

(n=5)and fdn-world nor Olympic champions O (n = 17).
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Table 1.
Total sample Elite Sub-elite pvalue  Cohen’s
(n=51) (n=22) (n=29) d

Dimension Mean + SD Range Mean = SD Range Mean = SD Range
Age (yr) 30.1+3.9 22.9-37.2 28.2+3.1 22.9-35.4 324+3.6 24.7-37.2 0.0007" 1.26
Total years biking (yr) 13.2+3.6 7.0-20.0 15.1+£2.7 10.0-20.0 10.7+3.1 7.0-16.0 0.183 1.53
Training (hours/week) 152422 9.0-20.0 16.1+£1.2 15.0-20.0 14.0+£2.7 9.0-18.0 0.008™ 0.98
Training distance per year (km) 16474.4 31350 9000.0-21000.0 ~ 18409.1 +1053.8  17000.0-21000.0 13970.6 +3174.5  9000.0-19000.0 ~ 0.000™" 1.81
Stature Height (cm) 175.1+3.9 169.0-187.0 175.5+4.6 169.5-187.0 174.7+2.9 169.0-179.4 0.509 0.22
Body mass Weight (kg) 68.1+4.0 58.7-76.0 67.1+35 58.7-75.0 69.5+4.4 62.5-76.0 0.055 0.61
BMI (kg/m?) 222+12 20.3-24.9 21.8+1.0 20.3-23.6 22.8+1.1 20.7-24.9 0.006™ 0.96
Arm span (cm) 179.1+4.5 169.0-191.0 178.7+5.3 169.0-191.0 179.5+3.1 173.0-185.6 0.583 0.19
Triceps skinfold (mm) 54+15 3.6-10.4 50+09 3.6-6.6 6.0+1.8 3.6-10.4 0.052 0.69
Biceps skinfold (mm) 2.7+0.7 2.0-5.6 2.8+0.7 2.0-5.6 27406 2.0-4.2 0.790 0.16
Subscapular skinfold (mm) 6.6+1.5 3.0-10.8 63+1.3 3.0-9.2 69+1.7 5.2-10.8 0.212 041
Suprailiac skinfold (mm) 84+29 4.6-18.2 7.6+1.7 5.6-11.6 9.5+38 4.6-18.2 0.076 0.63
Supraspinale skinfold (mm) 49+14 3298 47+0.7 3.6-6.0 52+19 3298 0.289 0.34
Abdominal skinfold (mm) 75+28 4.2-16.8 63+14 4.2-9.6 9.1+35 5.2-16.8 0.005™ 1.02
Thigh skinfold (mm) 62+22 3.8-13.6 57+13 3.8-8.6 69429 3.8-13.6 0.119 0.52
Calf skinfold (mm) 43+1.1 2.6-8.6 4.0+0.6 2.8-5.2 46+15 2.6-8.6 0.089 0.51
Upper arm girth (cm)* 28.1+13 25.7-30.8 27.7+1.1 25.7-29.1 285+14 26.3-30.8 0.058 0.64
Upper arm girth (cm)” 305+ 14 27.0-33.3 30.0+1.2 27.0-31.7 3l.1+14 29.1-33.3 0.013" 0.85
Thigh girth (cm) 520+23 45.7-57.5 51.0+2.0 45.7-54.5 532422 48.7-57.5 0.002" 1.06
Calf girth (maximum) (cm) 363+24 32.2-47.7 355+13 32.2-37.8 374+3.1 33.4-47.7 0.015 0.78
Humerus breadth (cm) 6.9+0.3 6.4-7.6 7.0+0.3 6.4-7.6 6.9+02 6.4-7.3 0.309 0.40
Stylion breath (cm) 57+03 5.3-6.3 58+02 5.5-6.3 57+03 5.3-6.3 0.121 0.39
Femur breadth (cm) 9.8+0.4 9.2-10.6 9.8+0.4 9.2-10.6 9.8+0.4 9.3-10.4 0.679 0.00
Sum of 3 skinfolds (mm) 17.0£3.6 12.2-25.6 16.0£2.1 12.2-20.0 182+4.6 13.4-25.6 0.091 0.60
Sum of 6 skinfolds (mm) 349+8.0394= 23.4-55.226:6- 32.0+4.5356= 23.4-48.226:6- 388+9.943.6+ 282-55.2300- 0.015 0.86
Sum of 7 skinfolds (mm) 41.2+938 28.2-67.2 37.7+5.6 28.2-50.4 458 +12.1 32.4-67.2 0.018" 0.84
Sum of 8 skinfolds (mm) 46.1+10.9 31.8-74.6 424+63 31.8-56.4 51.0+13.6 36.2-74.6 0.025" 0.79
Sum upper limb skinfolds (mm) 35.6+8.9 24.8-62.6 32.7+5.0 24.8-43.2 394+114 27.6-62.6 0.034 0.74
Sum lower limb skinfolds (mm) 10.5+3.1 6.4-21.0 9.7+1.7 7.0-13.2 11.6+4.2 6.4-21.0 0.092 0.58
% body fat

Durnin and Womersley (1974) 10.2+£2.9 5.8-17.6 9.5+20 6.2-12.9 112437 5.8-17.6 0.099 0.59

Katch and McArdle (1973) 69+13 5.0-10.5 6.4+0.7 5.0-8.1 7.6+£1.6 5.8-10.5 0.010™ 0.95

Sloan (1967) 52+£15 3.0-9.1 48+ 1.1 3.0-7.1 58+19 3491 0.057 0.63

Wilmore and Behnke (1969) 99412 83-13.5 94+0.7 8.3-11.1 10.6 £ 1.5 8.8-13.5 0.003" 1.00

Withers et al. (1987) 6.8+ 1.4 4.7-10.3 63+0.8 4.7-8.2 74+1.7 5.5-10.3 0.020" 0.81
Skeletal muscle Musele mass (kg), 473+24 42.8-55.9 472+18 42.8-50.3 474+3.1 42.9-55.9 0.737 0.08
Lee et al. (2000)
Total upper arm area (cm?) 62.8+5.7 52.6-75.5 613+4.6 52.6-67.4 64.8+6.5 55.0-75.5 0.066 0.62
Upper arm muscle area (cm?) 554+5.0 46.8-66.3 545+4.0 46.8-62.0 56.6+6.0 47.9-66.3 0213 041
Upper arm fat area (cm?) 74+2.1 4.7-13.8 68+1.3 4.79.1 83+2.6 5.3-13.8 0.022" 0.71
Total thigh area (cm®) 2153+19.1 166.2-263.1 207.5+15.9 166.2-236.4 225.5+18.5 188.7-263.1 0.002" 1.05
Thigh muscle area (cm?) 199.5+19.1 148.9-245.0 193.2+16.1 148.9-222.9 207.6 +20.1 157.1-245.0 0.018" 0.81
Thig fat area (cm’) 15.9+54 9.9-33.0 143+3.0 9.9-21.5 17.9+7.1 10.0-33.0 0.058 0.64
Somatotype

Endomorphy 1.9+0.6 1.1-35 1.7+03 1224 2.1+0.7 1.1-3.5 0.049" 0.72

Mesomorphy 48+0.8 3.3-6.9 4.6+0.7 3.6-6.0 51+08 3.3-6.9 0.055 0.67

Ectomorphy 2.8+0.6 1.6-3.9 3.1+0.6 1.8-3.9 2.5+0.5 1.6-3.6 0.010™ 1.12

SD, standard deviation.
*p<0.05, ** p<0.01, *** p<0.001.
“Relaxed; "Flexed and tensed.
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Table 2.
‘World and Olympic Champions Non-world nor Olympic Champions  p value ~ Cohen’s
(n=5) (n=17) d

Dimension Mean + SD Range Mean + SD Range
Age (yr) 303+42 25.3-35.4 27.6+25 22.9-31.3 0.094 0.97
Total years biking (yr) 16.8+3.3 12.0-20.0 14.7+24 10.0-18.0 0.240 0.84
Training (hours/week) 16.4+2.1 15.0-20.0 16.0+0.9 15.0-18.0 0.536 0.34
Training distance per year (km) 19400.0 + 1140.2  18000.0-21000.0 ~ 18117.7 £857.5  17000.0-20000.0 ~ 0.013" 1.46
Stature Height (cm) 1784 +6.4 172.0-187.0 174.6 +3.8 169.5-183.0 0.112 0.90
Body mass Weight (kg) 702+2.8 67.8-75.0 66.1+3.2 58.7-69.9 0.019 1.38
BMI (kg/m?) 22.1+1.0 21.3-23.3 21.7+1.0 20.3-23.6 0.460 0.42
Arm span (cm) 183.1+4.8 178.5-191.0 1774+49 169.0-183.8 0.033" 122
Triceps skinfold (mm) 56+0.7 5.0-6.6 48+0.9 3.6-6.4 0.080 0.97
Biceps skinfold (mm) 27+0.5 2.0-3.4 2.8+0.8 2.0-5.6 0.885 0.14
Subscapular skinfold (mm) 62+09 4.8-7.2 64+1.4 3.09.2 0.746 0.46
Suprailiac skinfold (mm) 79+22 6.0-11.6 75+1.6 5.6-10.6 0.672 0.24
Supraspinale skinfold (mm) 43+0.6 3.8-5.4 48+0.7 3.6-6.0 0.199 0.77
Abdominal skinfold (mm) 6.1+13 5.0-7.8 63+14 4.2-9.6 0.717 0.15
Thigh skinfold (mm) 54409 4.4-6.6 58+1.4 3.8-8.6 0.560 0.32
Calf skinfold (mm) 3.7+09 2.8-5.2 4.0+0.5 3248 0.303 0.52
Upper arm girth (cm)* 28.6+0.4 27.9-29.1 27.5+1.1 25.7-29.1 0.037" 1.15
Upper arm girth (cm)” 31.1+0.7 30.3-31.7 29.7+1.1 27.0-31.6 0.017" 1.42
Thigh girth (cm) 51.6+0.9 50.4-52.7 50.9+22 45.7-54.5 0.487 0.36
Calf girth (maximum) (cm) 36.5+1.1 34.7-37.8 352+1.2 32.2-37.2 0.046" 1.15
Humerus breadth (cm) 7.1+04 6.6-7.6 69+03 6.4-7.4 0.261 0.65
Stylion breath (cm) 59+02 5.7-6.2 58+0.2 5.5-6.3 0.150 0.52
Femur breadth (cm) 10.0£0.6 9.2-10.6 9.8+0.4 9.3-10.5 0.506 0.47
Sum of 3 skinfolds (mm) 16.0+ 1.4 14.0-18.0 16.0+£2.3 12.2-20.0 0.988 0
Sum of 6 skinfolds (mm) 312+4.0354= 264-37.029:6- 322447357+ 23.4-42.826:6- 0.690 0.23
Sum of 7 skinfolds (mm) 37.6+5.7 30.4-46.2 37.7+£538 28.2-50.4 0.964 0.02
Sum of 8 skinfolds (mm) 41.9+63 34.4-51.6 425+64 31.8-56.4 0.850 0.10
Sum upper limb skinfolds (mm) 32.8+4.6 27.2-39.8 32.7+52 24.8-43.2 0.976 0.02
Sum lower limb skinfolds (mm) 9.1+1.7 7.2-11.8 9.8+ 1.7 7.0-13.2 0.418 0.43
% body fat

Durnin and Womersley (1974) 9.9+2.0 7.0-12.7 93420 6.2-12.9 0.603 0.31

Katch and McArdle (1973) 6.6+0.5 5.9-7.1 6.4+0.8 5.0-8.1 0.605 0.28

Sloan (1967) 45+1.0 3.2-5.5 49+1.1 3.0-7.1 0.547 0.39

Wilmore and Behnke (1969) 92£0.6 8.7-9.9 9.4+0.7 8.3-11.1 0.631 0.31

Whiters et al. (1987) 6.1+0.7 5.2-7.1 63+0.9 4.7-8.2 0.694 0.24
Skeletal muscle Musele mass (kg), 474+1.7 44.9-48.8 47.1+19 42.8-50.3 0.791 0.17
Lee et al. (2000)
Total upper arm area (cm?) 65.0£2.0 61.9-67.4 60.2 £4.6 52.6-67.4 0.036 1.20
Upper arm muscle area (cm?) 57.3+22 54.9-60.0 53.7+4.0 46.8-62.0 0.021" 1.02
Upper arm fat area (cm?) 7.7+09 7.0-9.1 6.5+13 4.7-8.8 0.070 1.02
Total thigh area (cm?) 211.8+7.1 202.1-221.0 2062 +17.6 166.2-236.4 0.504 0.37
Thigh muscle area (cm?) 198.0+5.3 191.2-206.0 191.8+18.0 148.9-222.9 0.223 0.40
Thig fat area (cm”) 13.7+24 10.9-16.8 144+32 9.9-21.5 0.666 0.24
Somatotype

Endomorphy 1.8+£03 1322 1.7+04 1.2-2.4 0.754 0.27

Mesomorphy 48+04 4.3-53 4.6+0.7 3.6-6.0 0.459 0.32

Ectomorphy 3.1+08 2.1-3.9 3.0+0.6 1.8-3.9 0.910 0.16

SD, standard deviation.

*p<0.05, ** p<0.01, *** p<0.001.

“Relaxed; "Flexed and tensed.
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Resumen

Objetivo: Conocer los habitos alimentarios de los inte-
grantes de la seleccion nacional de ciclismo en la disci-
plina de mountain bike (MTB) para mejorar su rendi-
miento.

Meétodo: Cuarenta ciclistas fueron distribuidos en dos
grupos atendiendo al nivel de dedicacion mostrado y cate-
goria (25 Cadetes/juniors (C/J) —16,68 + 0,99 afos—y 15
sub23/élites (S23/E) —25,33 + 4,25 afnos—. Todos los
sujetos completaron un cuestionario especifico acerca de
sus habitos alimentarios. Se realiz6 una estadistica des-
criptiva y de contraste (Mann-Whitney) entre los grupos
establecidos.

Resultados: E1 76% de los sujetos pertenecientes al
grupo de C/J muestran un incorrecto habito alimenticio,
siendo este porcentaje del 36 % en el grupo de S23/E (p =
0,003). E176% de los C/J y el 60% de los S23/E realizan 3
ingestas al dia (p = 0,348), mientras que el 20% de los C/J
y el 26,7 % de los S23/E afirman realizar 5 tomas al dia. El
64% delos C/J y el 26 % de los S23/E manifiestan “picar”
entre horas (p = 0,024). Por iltimo, el 56% de los C/J y el
20% de los S23/E manifiestan ingerir alimentos precoci-
nados (p = 0,028).

Conclusiones: Los habitos alimentarios de los ciclistas
C/J de la seleccion espanola de MTB no eran los adecua-
dos, considerandose mejores los de los S23/E, aunque con
importantes aspectos basicos a mejorar.

(Nutr Hosp. 2010;25:85-90)
DOI:10.3305/nh.2010.25.1.4216

Palabras clave: Nutricion. Ciclismo. Mountain bike.

Introduccion

Es sabido que la alimentacion tiene un papel deter-
minante en el deporte de alto rendimiento'. Una
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ANALYSIS OF THE FEEDING HABITS IN
CYCLISTS OF THE SPANISH NATIONAL
MOUNTAIN BIKE TEAM

Abstract

Objective: The aim of the study was to determine the
feeding habits of the cyclists of the Spanish mountain bike
(MTB) national team.

Method: Forty cyclists were distributed in two cate-
gories according to time spent in training and competing
category (25 Cadet/junior (C/J) —16.68 + 0.99 years—,
and 15 Under-23/elite (U23/E) —25.33 + 4.25 years—. All
the subjects completed a specific questionnaire about
their feeding habits. Descriptive and contrast (Mann-
Whitney) statistic was carried out in the 2 studied groups.

Results: Seventy Six per cent of the subjects of the C/J
group showed incorrect feeding habit, and significantly
less (36 %) than the U23/E showed also incorrect patterns
(p = 0.003). Seventy six per cent of the C/J and 60% of the
U23/E do 3 intakes/day (p = 0.348), while 20% of C/J and
26.7% of the U23/E do 5 intakes/day. Sixty four per cent
of the C/J and 26 % of the U23/E eat between meals (p =
0.024). Also, 56% of C/J group and 20% of the U23/E
group eat “fast food” (p = 0.028).

Conclusions: Feeding habits of the C/J cyclists of the
Spanish national team are considered inadequate, being
significantly better for the U23/E group, although also in
this older group there are basic aspects to improve.

(Nutr Hosp.2010;25:85-90)
DOI:10.3305/nh.2010.25.1.4216

Key words: Nutrition. Cycling. Mountain bike.

correcta ingesta de macronutrientes y micronutrientes
conlleva una adecuada recuperacion de los depésitos
celulares, preparando al organismo para esfuerzos pos-
teriores®. Es importante conocer el estado nutricional
del deportista para evitar un posible déficit de determi-
nadas sustancias en el organismo que puedan conllevar
a una disminucién de las reservas celulares a corto
plazo y a su vez perjuicios metabdlicos en el tiempo®.
Es necesario tener en cuenta las Ingestas Dietéticas
Recomendadas (IDR) para diagnosticar y evaluar el
estado nutricional de una persona‘. El American
College of Sports Medicine (ACSM)’ ha establecido
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una serie de directrices para adecuar las ingestas nutri-
cionales a deportistas de alto rendimiento, mostrando
ciertas limitaciones para las ingestas de agua y para
recomendaciones en deportes en los que se produce
gran desgaste fisico®. Por ello, las propuestas nutricio-
nales para deportistas de alto rendimiento se realizan
utilizando los resultados de investigaciones llevadas a
cabo en circunstancias similares a las de entrenamiento
y competicion de estos deportistas’. Se considera una
dieta correcta aquella que proporciona la suficiente
energia y el adecuado aporte de nutrientes para el
deportista en base a su edad, género, especialidad e
intensidad del esfuerzo®, siendo la ingesta energética y
la proporcién de ciertos macronutrientes las bases que
permiten mejorar la recuperacion y reparar los tejidos
musculares’. Las necesidades nutricionales y la ingesta
caldrica del deportista dependera del periodo de la tem-
porada en el que se encuentre', no siendo las mismas
por ejemplo en un periodo de competicién que en un
periodo de carga o en un periodo de transicién’.

Existen numerosos estudios que han tratado acerca
de diferentes intervenciones nutricionales o el efecto
de la ingesta de determinadas sustancias en la pobla-
cion de ciclistas con el fin de mejorar el rendimiento de
los mismos y observar el efecto en el rendimiento.
Kern y cols.!" observaron las ventajas de ingerir deter-
minados frutos secos como las pasas frente a determi-
nados alimentos en forma de gel, ademds de comprobar
el efecto de ciertos macronutrientes en el organismo y
observar la velocidad de recuperacién de la energia
gastada durante la competicién. Rowlands y cols."
estudiaron el efecto de la ingesta de proteinas y su
accion recuperadora. Hawemann y cols." por su parte
comprobaron el efecto producido por la ingesta de car-
bohidratos y Rowlands & Hopkins'* analizaron el
efecto de la ingesta de nutrientes de alto contenido en
grasas, de alto contenido en carbohidratos y de alto
contenido en proteinas sobre la recuperacion. Otros
estudios analizaron la ingesta de varios dias, como es el
caso del trabajo realizado por Hawley y cols.?, quienes
administraron una dieta rica en carbohidratos durante
tres dias, 6 el de Sanchez-Benito & Sanchez-Soriano's,
quienes analizaron la alimentacién de un grupo de
ciclistas durante siete dias. Por su parte, Lambert y
cols.!” propusieron una intervencion nutricional previa
a la competicion consistente en una dieta rica en grasas
durante diez dias y seguida de otra rica en carbohidra-
tos el dia antes de la prueba.

Diferentes estudios realizados con deportistas de
élite’™"” y con jovenes** ponen de manifiesto que es
necesario formar en conceptos especificos por la conti-
nua evolucion de los avances nutricionales, realizando
dicha formacién de una manera adecuada y que involu-
crara a padres y entrenadores en el proceso®. De esta
manera los deportistas adquiririan los habitos nutricio-
nales adecuados que por un lado les permitan rendir al
maximo nivel en sus competiciones y por otro lado favo-
recer que se recupere, lo antes posible y de la forma mds
adecuada, la energia gastada durante la competicion.

Tabla I
Caracteristicas antropométricas de los ciclistas
diferenciados por grupos

ClJ S23/E
Peso (kg) 62,94+7,0 60,24 +£7,0
Talla (cm) 172,48 7,0 168,05 +£7,0
IMC (kg/m?) 21,10+ 1,3 21,28%1,5
% Graso 11,49+1,4 11,49+1,4
% Muscular 49,89+1,5 543114

Media + DS. C/J = Cadete/Junior; S23/E = Sub-23/Elite.

Una vez analizada la bibliografia afin, el objetivo del
presente estudio es conocer los hdbitos alimentarios de
los ciclistas de la seleccién nacional de mountain bike
(MTB), diferenciando entre las categorias C/J y S23/E
en base a cuatro importantes bloques de contenidos a
tratar (tipo de alimentacién en cuanto al grado de ade-
cuacion de la misma, “picar” entre horas, ingesta de ali-
mentos precocinados y reposiciones alimentarias).

Material y método
Sujetos

En el estudio participaron un total de 40 ciclistas (26
hombres y 14 mujeres) de edades comprendidas entre
los 15y 34 afios, y pertenecientes a la seleccion espariola
de ciclismo en la especialidad de MTB. La muestra se
dividi6 en dos grupos atendiendo al nivel de dedicacién
mostrado y a la categoria (25 C/J —16,68 £ 0,9 aflos—y
15 S23/E —25,33 £ 4,2 afios—). En la tabla I se mues-
tran las principales caracteristicas de la muestra.

Diseiio y material

Se empled un disefo transversal descriptivo y de
contraste entre grupos para conocer los hdbitos nutri-
cionales de los ciclistas. Se utilizé un cuestionario
especifico para conocer los hdbitos alimentarios, pro-
fundizando sobre 4 contenidos: a) tipo de alimentacién
en cuanto al grado de adecuacién de la misma, b)
“picar” entre horas, c) ingesta de alimentos precocina-
dos y d) reposiciones alimentarias. El cuestionario
recoge en sus preguntas un periodo de tiempo de varias
semanas, obteniéndose de esta forma una vision mas
completa de la ingesta que otros métodos®.

La puntuacion del cuestionario se categorizé depen-
diendo de las cuestiones planteadas. Las referidas al con-
tenido tipo de alimentacion en cuanto al grado de ade-
cuaciéon de la misma, se categorizé en correcta,
mejorable y muy mejorable; mientras que el contenido
referido al nimero de reposiciones alimentarias que se
realizan al cabo del dia oscil6 entre 3 y 5 reposiciones,
siendo esta dltima el valor mds acertado. Para los dos

86 Nutr Hosp. 2010;25(1):85-90
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Fig. 1 —Principales para-
metros a considerar en la
alimentacion del ciclista.

contenidos siguientes (“picar” entre horas y alimentos
precocinados) las preguntas se categorizaron de forma
dicotémica en funcién de si lo realizaban de forma
correcta o por el contrario lo llevaban a cabo incorrecta-
mente. De las diferentes cuestiones planteadas al res-
pecto de estos 4 contenidos se obtuvo un valor resultante
sobre el habito alimenticio de los deportistas evaluados.

Procedimiento

Los cuestionarios se pasaron en las diversas concen-
traciones realizadas durante los afios 2006, 2007 y
2008 a los ciclistas de que formaron parte de la selec-
cién nacional de MTB. Se mantuvo un mismo proto-
colo de actuacion consistente en: una breve explicacion
del cuestionario, distribucién de los mismos, cumpli-
mentacion por parte de los sujetos sin preguntas al res-
pecto y recogida de los mismos. El cuestionario se pasé
el primer dia de la concentracién y de forma indepen-
diente.

Se realiz6 una estadistica descriptiva y el test de con-
traste para muestran independientes de Mann-Whit-
ney, estableciendo la diferencia estadistica al nivel p <
0,05. Para el analisis de los resultados se utilizo el
paquete estadistico SPSS 15.0.

Resultados

En la figura 1 se muestran los resultados globales
obtenidos en 3 de los contenidos trabajados sobre la ali-
mentacion de los ciclistas analizados. El 56% de los
C/J y el 20% de los S23/E consumen alimentos preco-
cinados, observandose diferencias estadisticamente
significativas (p = 0,028). Para el contenido “picar
entre horas, los valores ascienden hasta el 64% en los
C/Jy al 26% en los S23/E, existiendo diferencias signi-

ficativas entre ambos grupos (p = 0,024). En cuanto al
nimero de ingestas realizadas al dia, el 76% de los C/J
y el 60% de los S23/E realizan 3 tomas al dia; el 4% de
los C/J y el 13,3% de los S23/E realizan 4 ingestas al
dia; y el 20% de los C/J y el 26,7% de los S23/E reali-
zan 5 ingestas diarias. No existen diferencias significa-
tivas entre ambos grupos en ninguno de los tres casos
mencionados anteriormente, aunque si se observan
diferencias prdcticas en cuanto a una tendencia a un
mayor nimero de ingestas diarias en el grupo de S23/E.

En la tabla II se expone el tipo de alimentacion de los
ciclistas en cuanto al grado de adecuacion de la misma.
Para obtener los resultados globales que conforman
este concepto, se realizaron una serie de preguntas en el
cuestionario referidas a la ingesta de nutrientes y la
cantidad de los mismos. E14% de los C/J y el 0% de los
S23/E tienen un tipo de alimentacién muy mejorable;
el 68% de los C/J y el 33,3% de los S23/E muestran una
alimentaciéon mejorable; mientras que el 28% de los
C/J y el 66,7% de los S23/E realizan una alimentacién
correcta. Se observan diferencias muy significativas (p
=0,009) entre ambos grupos estudiados.

Por tltimo, de la ponderacién de los 4 contenidos
anteriores, se obtuvo una nueva variable referida a la
adecuacion de los habitos nutricionales de los ciclistas
de MTB. En este caso, se observa como el 76% de los
C/J y el 36% de los S23/E muestran un incorrecto
habito alimenticio, hallindose diferencias muy signifi-
cativas entre ambos grupos a este respecto (p = 0,003).

Tabla II
Grado de adecuacion de la alimentacion
para cada grupo

Habitos alimentarios en ciclistas
de mountain bike de élite

Correcta Mejorable Muy mejorable
" Cadetefjunior 28% 68% 4%
Sub23/élite 66,7% 33,3% 0%
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Discusion

Los resultados obtenidos en nuestro estudio ponen
de manifiesto que existe una disparidad entre ambos
grupos analizados (C/J vs S23/E), observando unos
habitos alimenticios mds adecuados para la mejora del
rendimiento en el grupo S23/E, posiblemente debido al
trabajo previo realizado consistente en concentracio-
nes de formacion especifica y al cardcter con el que este
grupo afronta la especialidad ciclista (profesiona-
lismo), encontrando una mayor dedicacién deportiva y
un mayor cuidado de las variables relacionadas con el
rendimiento*?*, aunque los resultados mostrados para
ambos grupos podrian mejorarse, pudiendo obtener
una mejora en el rendimiento de los deportistas.

En el estudio realizado por Saris y cols.?® a cinco
ciclistas masculinos durante un tour de Francia, se
observo que la ingesta caldrica fue la adecuada, man-
teniéndose unos niveles medios de consumo calérico
durante los 22 dias de competicion de 5.900 kcal/dia.
En el estudio de Gabel & Aldous?” sucede un caso
similar, observdndose un promedio adecuado en la
ingesta energética de 7.195 kcal/dia en dos ciclistas
durante una competicién de 10 dias. En otro estudio
realizado a mujeres ciclistas de la modalidad de carre-
tera durante una competicion de siete dias, se puso de
manifiesto que la cantidad de kcal/dia consumidas en
proporcion al gasto energético fue la adecuada y
correcta, obteniéndose una distribucion de macronu-
trientes en base a las necesidades nutricionales
correcta y un aporte de micronutrientes con ciertas
carencias que eran suplidas mediante aportes ergogé-
nicos®. En los estudios anteriores, se muestra una
correcta alimentacion por parte de los ciclistas, posi-
blemente a causa de que su andlisis tuviera lugar
durante las propias competiciones, donde se pone un
mayor énfasis tanto en los descansos y la alimenta-
cién® como en la hidrataciéon® con el fin de que los
deportistas recuperen lo antes posible. Garcia-Rovés
y cols.’" analizaron las ingestas nutricionales de
ciclistas profesionales de carretera durante el periodo
mds exigente de la temporada, que comprendia com-
peticiones y entrenamientos. Se concluy6 que los
ciclistas tenfan una alimentacién similar y correcta.
Resultados del presente estudio con ciclistas de MTB
de categoria sub23 y élites muestran un incorrecto
habito alimenticio en el 36% de los casos, siendo este
valor més negativo que los sugeridos por los estudios
anteriormente mencionados23!,

Por otro lado y en mayor consonancia con nuestro
estudio, Da Silva, Gongalves & De Abreu® tras com-
probar que la alimentacién del equipo brasilefio de fut-
bol para discapacitados durante la celebracion de un
campeonato del mundo era muy mejorable, concluye-
ron que era necesario desarrollar programas de inter-
vencién individualizados. Por otro lado y teniendo en
cuenta los consumos energéticos promedios de 1781
kcal/dia obtenidos por Keith, O’Keeffe, Alt & Young®
en ciclistas en iniciacion, se puede afirmar que

teniendo en cuenta las IDR para la poblacién estudiada,
la ingesta caldrica es insuficiente, debiendo rondar las
2.300 kcal/dia*.

En el trabajo realizado por Sanchez-Benito & San-
chez-Soriano'®, donde se analiz6 la ingesta nutricional
de 34 ciclistas de un equipo de categoria sub-23 y élite,
se pone de manifiesto que los ciclistas tienen un con-
sumo alto de lipidos y de prétidos (16,36% y 38,71%
respectivamente) y un consumo del 44% de carbohi-
dratos, siendo estos porcentajes diferentes a los reco-
mendados para esta poblacion. Esta observacién es
similar a la obtenida en nuestro estudio, donde se
muestra como los S23/E presentan un elevado indice
de habito nutricional incorrecto, el cual se duplica en el
caso de los C/J.

El nimero de ingestas al dia que realizan los ciclistas
de nuestro estudio se aleja de las IDR, puesto que tan
solo el 20% de los C/J y el 26.7% de los S23/E realizan
las 5 recomendadas; mientras que por el contrario, el
76% de los C/J y el 60% de los S23/E realizan 3 inges-
tas al dia. Rodriguez & Garcia* mostraron cémo los
jugadores de baloncestos estudiados realizan 3 ingestas
al dia. En el anterior estudio mencionado con mujeres
ciclistas de Grandjean y cols.”, las ingestas fueron de
4,3+0,9 con un rango promedio de 3 a7 al diay con un
mayor aporte caldrico en el desayuno y en la cena. En
el estudio de Garcia-Rovés y cols.*' se expone que la
dieta que siguen los ciclistas profesionales durante el
periodo competitivo y el entrenamiento es de 4 ingestas
al dia (desayuno, aperitivos sobre la bicicleta,
almuerzo a media tarde antes de 1 hora de acabar la
competicién o entrenamiento y cena). Este tipo de ali-
mentacion continuado durante los periodos competiti-
vos en pruebas por etapas incluso de 3 semanas, pue-
den conllevar cambios en los hdbitos de los ciclistas
profesionales. Este posible cambio no tiene porqué
darse en la disciplina de MTB debido a que las compe-
ticiones se realizan en la mayoria de los casos en dias
aislados.

La ingesta de alimentos precocinados en nuestro
estudio es del 56% para los C/J y del 20% para los
S23/E. En el estudio de Garcia-Rovés y cols.’ los
ciclistas no consumen alimentos de tipo precocinados,
al igual que se observa en el estudio de Saris y cols.?
con ciclistas durante las tres semanas del tour de Fran-
cia. Ambos estudios se realizaron en pruebas por eta-
pas, con lo que es muy probable que los hébitos alimen-
tarios de esos mismos ciclistas evaluados en periodos
no competitivos fueran diferentes y mds semejantes a
nuestros resultados. Por contra, en los estudios de
Keith y cols.*y Grandjean y cols.? con mujeres ciclis-
tas que no competian de forma profesional, se observé
en sus dietas un consumo de alimentos precocinados
semejante a nuestros resultados.

Por tltimo y al respecto del contenido “picar” entre
horas, no entendido como reposicion sincrénica, del
presente estudio, el 64% de los C/J consume alimentos
fuera de los horarios establecidos, por tan solo el 26%
de los S23/E. En los estudios de Saris y cols., Keith y
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cols.®, Gabel & Aldous” y Garcia-Rovés y cols.”, los
ciclistas no “picaban” entre horas, probablemente a
causa de que los andlisis realizados en esos estudios se
realizaron durante competiciones de varios dias y no en
sus contextos de entrenamiento individual fuera de la
dindmica de equipo.

Conclusiones

Los patrones alimenticios de los ciclistas de la selec-
cioén nacional de MTB son muy mejorables, especial-
mente en los mds jovenes. Se observa una diferencia
significativa en la alimentacién entre las dos categorias
estudiadas para los contenidos “picar entre horas”,
“ingestas de alimentos precocinados”, “grado de ade-
cuacién de alimentacién” y “correccion de los habitos
alimentarios”, siempre en perjuicio de los C/J.

Por todo lo anteriormente comentado, el rendi-
miento de los ciclistas, sobre todo en las categorias de
iniciacion, puede verse afectado, disminuyendo los
logros a causa de una mala alimentacién. De ahi que se
requiera un mayor trabajo de formacion nutricional
especialmente con los mds jovenes y un mayor segui-
miento, control e incentivacion con una adecuada ali-
mentacion de los deportistas a lo largo de la temporada
y especialmente en los periodos no competitivos. Se
debe implicar tanto a los ciclistas como a las familias
para el cuidado de la alimentacion.

Una posible via de continuacién de este trabajo
podria ir enfocada al desarrollo de programas de inter-
vencion especificos e individualizados basados en la
adquisicion de habitos nutricionales y su efecto en la
composicién corporal y el rendimiento a medio y largo
plazo de los ciclistas.
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Appropriate nutrition through adequate dietary intake of
total calories, macronutrients, and micronutrients is an
essential component of optimizing the performance of all
elite athletes. The aim of this study was to describe the
food intake, body composition, and biochemical profile of
professional cyclists during the Tour of Andalusia, a four-
stage race covering a total distance of 647.6 km. Nutri-
tional data were collected by trained investigators who
weighed all of the food and fluid ingested by the cyclists.
The nutritional intake of the cyclists was as follows:
CHO, 12.8 1.7 g/kg of body weight (BW; 62.3%); fat,
2.1+0.2 g/lkg BW (23.2%); proteins, 3.0 £ 0.3 g/kg BW
(14.5%); total kcal was 5644.3 +593.1. Intake of all

micronutrients, except for folate and potassium [which
were 93.7% and 91.3% of Recommended Dietary Allow-
ances (RDA)] exceeded the RDA/I. Percentage of body fat
and fat weight significantly decreased (P < 0.05) while
weight of muscle mass remained unchanged after the
Tour. Concentrations of urea, aspartate aminotransfer-
ase, alanine aminotransferase, creatine kinase, myoglo-
bin, and high-density lipoproteins significantly increased
(P <0.05) after the Tour. To our knowledge, this is the
first study to describe both nutritional intake and the
body and biochemical composition of a sample of profes-
sional road cyclists during a top-class cycling race.

Competitive road cyclists may participate in a variety of
stage races with professional cyclists spending around
100 days per year racing. Nutritional intake during these
events is an important consideration. Appropriate nutri-
tion through adequate dietary intake of total calories,
macronutrients, and micronutrients is an essential com-
ponent of optimizing the performance of all elite athletes
(Lun et al., 2009). The sport nutrition literature provides
only a limited amount of information on the dietary
intake of highly trained endurance cyclists (Burke,
2001). However, there is evidence that carbohydrate
(CHO) feeding provides an important fuel for the racing
performance of cyclists (Burke et al., 2001), helping to
maintain blood glucose levels during exercise and
replenishing muscle glycogen through synthesis, ulti-
mately leading to improved performance (Currell &
Jeukendrup, 2008). Adequate amounts of protein are also
important to build and regenerate tissues, and fat intake
must be adequate to supply essential fatty acids and
liposoluble vitamins (Rodriguez et al., 2009). Routine
exercise may also increase the turnover and loss of these
micronutrients from the body. As a result, greater intakes
of micronutrients may be required to cover increased
needs for building, repair, and maintenance of lean body
mass in athletes (Driskell, 2006).

During long-lasting endurance exercise, energy
derives mainly from subcutaneous adipose tissue
(Reynolds et al., 1999), although existing evidence is
equivocal. Another study has shown that more fat is
oxidized during running than during an equivalent
amount of cycling (Knechtle et al., 2004). Results relat-
ing to body mass are similarly inconclusive with evi-
dence of both increases (Dressendorfer & Wade, 1991)
and decreases (Knechtle et al., 2005).

The human physiological system is placed under
extreme stress during endurance sports competitions
such a bicycle racing. A long duration of exercise
might produce substantial changes in biochemical
parameters (Waskiewicz et al., 2012), which could be
associated with potential risk of hyponatremia, skeletal
muscle breakdown, hepatic damage, and the gastroin-
testinal complaints associated with ultra-endurance
sports.

The aim of this study was to describe the food intake,
body composition, and biochemical profile of profes-
sional cyclists during a four-stage race and to evaluate
the adequacy of nutrient intake in relation to the current
recommendations for endurance athletes. Bodily and
biochemical changes during this period were also
analyzed.
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Methods
Participants

Six professional road cyclists (24.8 £ 1.2 years) volunteered for
the study. All participants belonged to the Andalusia-Cajasur team,
a professional UCI continental team. All members of the team who
participated in this race also participated in the present study. No
specific criteria were set for training volume or years spent in
practice. All participants were highly trained and performed
regular exercise training, mostly cycling, on a daily basis. Cyclists
trained on average for 20-25 h per week accumulating 21 000—
25 000 km in a typical year. The aim of this training was to prepare
for and compete in a top-class road cycling race (Andalusia Tour,
Andalusia, Spain, 2009) covering a total distance of 647.6 km over
4 days, distributed as follows: day one, 123.4 km, highest altitude
600 m; day two, 176.2 km, highest altitude 1800 m; day three,
174.5 km, highest altitude 1250 m; and day four, 173.5 km,
highest altitude 800 m. Minimum and maximum temperatures
during the Tour of Andalusia were 6 °C and 20 °C, respectively.
The Tour of Andalusia requires endurance and resistance in com-
bination with sprint bouts. Load intensity usually reached both
submaximal and maximal strength and power. The average power
output during the Tour of Andalusia was 246 +21.59 watts
with a peak of 1061 +32.51 watts. The average heart rate was
134.25+5.19 beats per minute (bpm) with a maximum of
176.5 £ 3.21 bpm.

All the participants took part voluntarily in accordance with the
Declaration of Helsinki regarding ethical research. The bioethical
committee of the University of Granada for human research
approved the study.

Anthropometric data

Guidelines of the International Society for the Advancement of
Kinanthropometry (Marfell-Jones et al., 2006) were followed. All
anthropometric measurements were taken by the same investigator
(ISAK-certified level II anthropometrics researcher). Technical
error was less than 5% for skinfold measures and less than 1%
for the other measurements. The following instruments were
used: Stadiometer (GPM, Serites, Inc., Carlstandt, New Jersey,
USA; £ 1 mm accuracy); scale (model 707, Seca Corporation,
Columbia, Maryland, USA; 50 g accuracy); Holtain skinfold
compass (Holtain Ltd, Crymych, UK; £ I mm accuracy); Holtain
caliper (Holtain Ltd; = 1 mm accuracy); Holtain flexible metallic
metric belt (Holtain Ltd; £ 1 mm accuracy). The following mea-
surements were taken: height, weight, skinfolds (triceps, biceps,
subscapular, suprailiac, supraspinal, abdominal, thigh, and calf),
perimeters (waist, hip, relaxed biceps, flexed and contracted
biceps, thigh, and calf), and diameters (bicondylar humerus,
bistiloid, and bicondylar femur). Skinfolds were taken three times
and the mean of the three measurements was used in the analyses.
Body mass index (BMI) was calculated from height and weight.
We compared the results gathered from the sum of the three
skinfolds (triceps, subscapular, and supraspinal), six (triceps, sub-
scapular, suprailiac, supraspinal, abdominal, and thigh), and eight
skinfolds (triceps, biceps, subscapular, suprailiac, supraspinal,
abdominal, thigh, and calf). Five different equations (Sloan, 1967;
Wilmore & Behnke, 1969; Katch & McArdle, 1973; Durnin &
Womersley, 1974; Withers et al., 1987) were used to estimate body
density, and body fat percentage was determined by the Siri (1961)
equation. Muscle mass in kg was determined using the method of
Lee etal. (2000). Somatotype characteristics were determined
according to the Carter and Heath (1990) method.

Blood hiochemistry

Blood samples were collected from the antecubital vein at 6:00 h
the day before the race (rest group), and also at the end of the Tour
of Andalusia (24 h after the last stage). Plasma was separated by
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centrifugation of the blood samples at 1500 rpm for 20 min at
18-25 °C. The following parameters were measured: glucose,
urea, creatinine, uric acid, sodium, chloride, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), creatine kinase,
total cholesterol, high-density lipoprotein (HDL) cholesterol, low-
density lipoprotein cholesterol and triglycerides.

Dietary assessment

Nutritional data were collected by trained investigators who
weighed all of the food and fluid ingested by the cyclists. Nutri-
tional data were analyzed for nutrient composition using nutritional
software (DietSource 3.0, Healthcare Nutrition S. A., Esplugues de
Llobregat, Spain). Information about the nutritional content of
foods not available in the computer program was obtained from the
manufacturer. All the food was weighed on a digital scale (Soehnle
8020, Murrhardt, Germany) with a precision of 1 gincrements up to
1 kg and 2 g increments between 1 and 2 kg. Sport products such as
energy bars and gels ingested by the cyclists during the race were
described from the label of the products. Food consumed during
races was weighed and packaged into bags beforehand. The
investigators weighed each bag immediately after each stage to
determine the amount of food consumed during the race.

Statistical analysis

The statistics programme SPSS version 20.0 (SPSS, Inc., Chicago,
Tllinois, USA) was used to analyze the data. The qualitative vari-
ables are presented as average and percentage, while the quanti-
tative variables are presented with the average and the typical
deviation. The standardizing of the variables was carried out using
the Shapiro-Wilk test using Lillieforts correction and the
homoscedasticity through the Levene test. After verifying that the
variables were normal, the data were analyzed using the t-test
(before and after the competition). The level of significance was
established at 0.05.

Results

The demographic characteristics of the sample are rep-
resented in Table 1. The mean energy and macronutrient
intakes consumed during breakfast, during the race,
after the race, and dinner over the 4-day period, are
summarized in Table 2. The nutritional intake of the
cyclists was as follows: CHO, 12.8 £ 1.7 g/kg of body
weight (BW; 62.3%); fat, 2.1 £0.2 g’lkg BW (23.2%);
proteins, 3.0 +0.3 g/lkg BW (14.5%); total kcal was
5644.3 £ 593.1. Table 3 describes cyclist micronutrient
intake compared with applicable Recommended Dietary
Intakes (RDI) values. Intake of all micronutrients, except
for folate and potassium [which were 93.7% and 91.3%
of Recommended Dietary Allowances (RDA)] exceed
the RDA/AL

Table 4 compared the anthropometric characteristics
of the cyclists before and after the Tour of Andalusia.

Table 1. Demographic characteristics of participants

Age (years) 255+15
Weight (kg) 67.7+3.6
Height (cm) 176.2+£5.6
BMI (kg/m?) 21.8+1.0

BMI, body mass index.
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Table 3. Micronutrient intake during the Tour and comparison with
RDA/AI

Cyclist (n=6)  RDA/AI*  %RDA/AI*

Vitamins

Vit A (ug/day) 2699.3 £555.3 900 299.9

Vit B1' (mg/day) 3.7+0.80 12 3083
Vit B2 (mg/day) 3.3+0.64 13 2538
Vit B6 (mg/day) 40+0.77 13 3077
Folic acid total (ug/day) 3749+70.4 400 93.7
B12 (ug/day) 83+1.2 24 3458
Vit C (mg/day) 16794690 90  186.6
Vit D A (ug/day) 237437 15 158

Vit E (mg/day) 18.0£4.1 15 120

Minerals
Ca (mg/day)
Fe (mg/day)
Na (mg/day)
K (mg/day)
Zn (mg/day)
Mg (mg/day)
Se (ug/day)

15628.3+162.9 1000 152.8
26.7+2.8 8 333.8
3164.7£429.1 1500*  210.3*
4288.9£7411 4700* 91.3*
346+5.7 11 314.5
643.6 £106.7 400 160.9
243.0+30.6 55 441.8

An RDA is the average daily dietary intake level that is recommended as
being sufficient to meet the nutrient requirements of nearly all (97-98%)
healthy individuals in a group. The Al is believed to cover the needs of all
healthy individuals in the groups, but lack of data or uncertainty in the data
prevent specific conclusions on the proportion of the sample achieving Al
from being reported.

Al, adequate intakes in ordinary type followed by an asterisk. RDA; Rec-
ommended Dietary Allowances in ordinary type.

Table 4. Anthropometric characteristics of the cyclists before and after
the Tour

Before After P value

Measurement

Height (cm) 176.2 176.2 0.907

Weight (kg) 67.7 67.5 0.277

BMI (kg/m?) 21.84£1.01 21.77 £1.02 0.273
Skinfolds (mm)

Sum of 3 20.24 £3.00 19.24 £3.29 0.020*

Sum of 6 42.45 £ 6.94 40.02 £7.35 0.010*

Sum of 8 49.92£7.70 47.01£8.09 0.010*
Somatotype

Endomorphy 1.57 £0.266 1.45+0.288 0.013*

Mesomorphy 4.63 +£0.907 4.65+0.864 0.695

Ectomorphy 3.07+0.753 3.08 +0.763 0.611
*P<0.05.

BMI, body mass index.

Sum of skinfolds (3, 6, and 8) significantly decreased
(P =0.020,0.010, and 0.010, respectively) after the tour.
All cyclists had an ectomorphic mesomorph somatotype
(in which mesomorphy dominates but ectomorphy is
more apparent than endomorphy), apart from one cyclist
who is mesomorphic ectomorph (ectomorphy is domi-
nant but mesomorphy is more apparent endomorphy).
The endomorph component significantly decreased
(P =0.013) after the Tour, with the other components
remaining unchanged. Percentage of body fat and fat
weight significantly decreased (P < 0.05) after the Tour
of Andalusia independent of the equation method used
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Table 5. Differences between fat and muscle mass during the Tour

Before After Pvalue
Durning & Womersley
% fat 10.41+£2.01 9.58+2.29 0.020*
kg fat 7.05+1.35 6.46+1.53  0.022*
kg muscle mass 60.67+3.58 61.04+3.79 0.125

Katch & McArdle

% fat 7.20+1.08 6.83+1.01  0.026*

kg fat 4.87+0.68 460+0.66 0.016*

kg muscle mass 62.85+£365 6290+3.70 0.829
Sloan

% fat 6.42+1.41 590+1.44 0.012*

kg fat 4.32+0.81 3.96+0.84 0.010*

kg muscle mass 63.40+£406 63.54+410 0413
Willmore & Behnke

% fat 10.00 £1.08 9.65+0.88  0.047*

kg fat 6.75+0.62 6.50+0.54  0.025*

kg muscle mass 60.97 £3.69 61.00+3.66 0.881
Withers et al.

% fat 7.18+0.97 6.72+0.91  0.008**

kg fat 4.84 +0.53 452+054 0.006**

kg muscle mass 62.87+3.83 62.98+3.80 0.598

*P<0.05; **P<0.01.

Table 6. Comparisons between the biochemical profiles before and after
the Tour

Parameters Control Before After

Glucose 70-100 mg/dL ~ 83.0+6.2 85.0+55
Urea 10-50 mg/dL 475+23 61.8+3.5"
Creatinine 0.7-1.2 mg/dL 0.85+0.01 0.92+0.04
Uric acid 3.4-7.0 mg/dL 40+01 46+03
Sodium 135-142 mEq/L  126.0 £ 3.4 1433 +3.5**
Chloride 92-104 mEq/L  89.6+2.8 102.5+2.2**
AST 10-38 U/L 345+6.1 546 +4.6*
ALT 5-41 U/L 23.3+34 39.0+2.6"
LDH 240-480 U/L 395.6+27.9 458.3+314
CK 38-190 U/L 28251704 542.6+102.3
Myoglobin 28-72 ng/mL 63.5+145 107.5+11.9*
Total cholesterol 100-200 mg/dL  154.0+7.3 1611174
Cholesterol HDL > 40 mg/dL 58.0+2.6 73.9+2.0%**
Cholesterol LDL  50-125 mg/dL ~ 64.1+1.7 736+79
Triglycerides 50-150 mg/dL  159.3+359  99.0+6.8

*P<0.05; **P<0.01; ***P<0.001.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, cre-
atine kinase; HDL, high-density lipoprotein LDH, lactate dehydrogenase;
LDL, low-density lipoprotein.

for calculations. These results together with the decrease
in the sum of skinfolds confirm a lower level of adiposity
after the Tour. The weight of muscle mass remained
unchanged after the Tour (Table 5).

Table 6 compared biochemical profile before and after
the Tour. Concentrations of urea (47.5 2.3 mg/dL vs
61.8 £ 35 mg/dL), aspartate aminotransferase (34.5+
6.1 U/L vs 54.6 £4.6 U/L), alanine aminotransferase
(23.3+34U/L vs 39.0U/L), creatine Kkinase
(282.5+70.4 U/L vs 542.6+102.3 U/L), myoglobin
(63.5 ng/mL vs 107.5 £ 11.9 ng/mL), and high-density
lipoproteins  (58.0 £2.6 mg/dL vs 73.9 +2.0 mg/dL)
significantly increased (P < 0.05) after the Tour.



Discussion

The main findings of the present study were that these
elite cyclists maintained body weight over a 4-day com-
petition. However, they significantly reduced their fat
mass in response to racing. Micronutrient and macronu-
trient intake approximated the recommended daily
amounts, except for protein for which intake was slightly
higher than what is recommended for an extreme exer-
cise program (Rodriguez et al., 2009). The cyclists also
experienced a biochemical change in some parameters
after racing.

CHO intake recommended by the American College
of Sport Medicine (Rodriguez et al., 2009) for athletes
ranges from 6 to 10 g/kg of body mass (BM) per day,
these values have evolved into the recommended carbo-
hydrate intake for optimal muscle glycogen recovery.
However other studies have shown that well-trained
cyclists undertaking 2 h of training each day have higher
muscle glycogen stores when consuming 12 g/kg of BM
of CHO as opposed to consuming 10 g/kg of BM of
CHO over a week (Coyle et al., 2001). In this context,
Burke et al. (2004) revised guidelines for the intake of
CHO for average everyday intake, training intake, and to
sustain extreme exercise program (4-6+h per day):
10-12 + g/kg BM/day. Daily CHO intake during the
4-day competition of the cyclists in the present study was
12.8 + 1.7 g/lkg BM/day (62.3 = 2.3% of the total energy
intake), which is slightly higher than the current recom-
mendations. Similar CHO intakes have been observed in
the Tour of Southland (Rehrer etal., 2010), a 6-day
cycling stage race with a daily CHO intake of
12.9 + 1.4 g/kg BM/day. Another study in the Tour of
France (Saris et al., 1989) reported CHO consumptions
of 12-13 g/kg BM/day.

Protein intake was 3.0 +0.3 g/lkg BM/day, which
exceeds the protein recommendations for endurance-
and strength-trained athletes (Rodriguez et al., 2009),
range: 1.2 to 1.7 g/lkg BM/day. Previous reports indi-
cated that endurance athletes generally consume more
protein than thought to be required. A study (Carlsohn &
Miiller, 2014) with six German elite mountain runners
showed that mountain runners consumed relatively large
amounts of protein on the day before the race and
4.0 +3.2 g per hour (95% CI: 0.7-7.3 g/h) during com-
petition. A study with cyclists (Rehrer etal., 2010)
showed similar results to the present with a protein
intake of 2.9 £ 0.3 g/kg BM/day. Although protein intake
was higher than the recommendation, several studies
have suggested that a CHO/protein ratio of around 4:1
can enhance glycogen recovery, as well as protein
balance, tissue repair, and adaptations of new protein
(Kerksick et al., 2008). Taking this into account, further
studies are needed to analyse whether an increase in
protein recommendation could be beneficial in longer
sporting events and whether satiety and ad libitum
energy intake would be affected (Bowen et al., 2006).

Nutritional intake of professional cyclists

Fat intake should range from 20% to 35% of total
energy intake. Consuming <20% of energy from fat
does not benefit performance (Rodriguez et al., 2009)
and could harm the correct absorption of fat soluble
vitamins while failing to provide the correct quantity of
essential fatty acids. All cyclists participating in the
current study met recommendation with a mean of
23.2+%1.7% of energy from fats. Similar results were
reported in the Tour of France study (Saris et al., 1989)
with a 23% and Tour of Spain study (Garcia-Roves et al.,
1998) with a 25.5%. Lower percentages were reported in
cyclists during a 24-h team relay race (Bescods et al.,
2012) with a 17.4 + 5.6% or in a 6-day cycling stage race
(Rehrer et al., 2010) with a 17.3%.

The intake of all vitamins and minerals exceeded their
respective RDA or Al, except for folic acid and vitamin
K for which percentages were slightly lower (93.7,
91.3%, respectively). Exercise stresses many of the
metabolic pathways where micronutrients are required
and exercise training may result in muscle biochemical
adaptation that increases micronutrient needs (Driskell,
2006). The most common vitamins and minerals to be of
concern for athletes are calcium, vitamin D, C, E, and B
complex, as well as iron, zinc, magnesium, and selenium
(Driskell, 2006). Our study showed an excess of these
micronutrients relatively to the RDA or AL

Mean energy intake was 5,644.3 +593.1 kcal/day.
Similar results were reported by top-class cyclists in
the most important Tour races, for example, during the
Tour of France (Saris et al., 1989), energy intake was
5903 kcal/day, while during the Tour of Spain (Garcia-
Roves et al., 1998) energy intake was 5616 + 430 kcal/
day. Body weight did not have change significantly over
the race period, indicating that during the race, each
cyclist was not far from energy balance.

The somatotypes presented by the cyclists were 1.57,
4.63, and 3.07. These results are similar to those reported
by Foley et al. (1989) for road cyclists (2.1, 4.8, 3.5).
Male professional road cyclists show a wide range of
values in their physical characteristics. The average age
of members of a typical professional cycling team is 26
years, ranging from 20 to 33 years. There is also large
variability in the values for height (mean 180 cm, range
160 to 190 cm), body mass (mean 68.8 kg, range 53 to
80 kg), and percentage body fat (reported to be about
8%, ranging between 6.5% and 11.3%; Mujika &
Padilla, 2001). These values are similar to those obtained
in the present sample and similar to the data obtained
from an all terrain group of male road junior cyclists at
different performance levels for which a with a height
of 176 +5cm, weight of 64.5+4.2kg, BMI of
299+ 1.3 kg/m? and body fat of 6.4%1.6% was
reported (Menaspa et al., 2012).

No significant changes in body mass were observed in
cyclists during the race. However, they experienced a
significant reduction in fat mass (P <0.05) without
changes in muscle mass. Similar results were reported in
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a 6-day cycling stage race (Rehrer et al., 2010). A recent
study of an ultra-cycling race showed similar results with
reductions in fat alongside reductions in body mass and
without evidence of exercise-induced skeletal muscle
damage (Knechtle et al., 2009). Former findings sup-
ported the assumption that an ultra-endurance perfor-
mance lead to a decrease in body mass, mainly because
of a decrease in fat mass (Bischof et al., 2013). Reduc-
tions in muscle mass cannot be explained by ultra-
endurance cycling because cycling mainly requires
concentric strains with only negligible eccentric move-
ments which generally do not cause any significant
muscle damage (Williams, 1985).

Biochemical changes were also analyzed before and
after the Tour of Andalusia. Significantly higher values
were observed for HDL cholesterol (HDL-c) after the
Tour. It has been reported that both aerobic and anaero-
bic exercise increase circulating HDL-c (Kontush et al.,
2003). Serum urea concentration has also been shown
to increase after the Tour. These findings have been
reported in previous studies after marathon races (Reid
et al., 2004). Increases in these parameters after exercise
are very well described (Clarkson et al., 2006). They are
thought to reflect increases in secondary degradation of
amino acids after muscle cell damage. Other changes
detected in plasma after racing include change to cre-
atine kinase and myoglobin, which can suggest minor
damage to skeletal muscle.
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CONCLUSIONES

Especificas:

e Se han utilizado una variedad de técnicas antropométricas en la identificacion de
talentos en diferentes tipos deportes (individuales, de campo, de equipo y
contacto, de sala, clasificados por el peso), teniendo en cuenta el crecimiento
fisico y la maduracion, el tamafio absoluto y la proporcionalidad, el somatotipo y la
composicion corporal. Los datos sugieren que los atletas se caracterizan por una
combinacién de rasgos de composicién/tamafio corporal que se cree que influyen
en la probabilidad de éxito en un deporte dado. La medicién cineantropométrica es
una herramienta fundamental en la busqueda de informacién para ayudar a los
entrenadores y atletas en la busqueda del éxito al mas alto nivel en el deporte

(Aportacion I).

e Se han descrito las caracteristicas antropométricas, la composicién corporal y el
somatotipo de los jugadores junior de tenis de elite (Aportacion IlI). Esta
informacion proporciona un marco de referencia para los entrenadores para
controlar el proceso de entrenamiento con el fin de ayudar a mejorar el
rendimiento de los atletas, y para mejorar la deteccion e identificacion de talentos

en el tenis.

e No se observaron diferencias significativas en ningun item medido entre los 12
primeros jugadores de tenis junior del ranking y los ranqueados mas bajos. Por el
contrario, se observaron diferencias significativas en la talla y en los diametros de
hamero y de fémur entre las 12 primeras tenistas ranqueadas y el resto, donde las
12 primeras fueron mas altas y tuvieron mayores diametros de humero y de fémur
que las jugadoras mas bajas en el ranking. Estas diferencias podrian influir en el

estilo de juego de las jugadoras junior (Aportacion II).

e Se han establecido tablas de perfil antropométrico para los jugadores de tenis de

elite (Aportacion Il).

e Se ha descrito el perfil antropométrico de los ciclistas de bicicleta de montafia

olimpica de diferentes niveles competitivos (Aportacion Iil).
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Los ciclistas de bicicleta de montafia elites y los campeones del mundo u
olimpicos mostraron diferencias fisicas con respecto a los sub-elites y los no
campeones del mundo u olimpicos, respectivamente. Los elites tuvieron valores
significativamente méas bajos de BMI, porcentaje de grasa y area total del muslo y
mas altos de area muscular del muslo que los sub-elites, presentando valores
significativamente mas bajos del componente endomorfico y valores mas altos del
componente ectomorfico. Las comparaciones entre los que fueron campeones del
mundo u olimpicos y los que no lo fueron mostraron que los primeros tuvieron
unos valores significativamente mayores de masa corporal, envergadura,
perimetro de brazo relajado, perimetro de brazo flexionado y tensionado,
perimetro de pantorrilla, area total del brazo, y area muscular del brazo que los
segundos. Una baja masa corporal y una alta masa muscular del brazo parecen
ser buenos predictores del éxito en la bicicleta de montafia de especialidad
olimpica (Aportacion lil).

Los habitos alimentarios de los ciclistas de categorias cadete/junior de la
seleccion espafola de bicicleta de montafia no son los adecuados,
considerandose mejores los de los sub-23/elites, aunque con importantes
aspectos basicos a mejorar. Se requiere un mayor trabajo de formacion
nutricional, especialmente en los mas jévenes, asi como un control y orientacién a
una adecuada alimentacion de los deportistas a lo largo de la temporada vy
especialmente en los periodos no competitivos. Se debe implicar tanto a los

ciclistas como a las familias (Aportacion V).

Se ha descrito la ingesta nutricional, la composicién corporal y el perfil bioquimico

de ciclistas profesionales durante una carrera de cuatro etapas (Aportacion V).

La ingesta de todos los micronutrientes excedieron las recomendaciones

dietéticas, excepto en el caso del folato y del potasio (Aportacion V).

El porcentaje de grasa corporal y el peso de grasa disminuyeron
significativamente, mientras que el peso de la masa muscular se mantuvo sin
cambios después de la vuelta. ElI componente endomorfo disminuyd
significativamente después del Tour, mientras los otros componentes
permanecieron inalterados. Las concentraciones de wurea, aspartato,

aminotransferasa, alanina aminotransferasa, la creatina kinasa, mioglobina y
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lipoproteinas de alta densidad aumentaron significativamente después de la vuelta
(Aportacion V).

General:

Los resultados de la presente memoria de Tesis ponen de manifiesto la
importancia, la utilidad y la necesidad de la determinaciéon y la evaluacion de los
perfiles antropométricos y nutricionales para el rendimiento y la salud en el deporte.
Para ello, a) se han determinado las caracteristicas antropométricas, composicion
corporal y somatotipo de deportistas de elite de tenis y bicicleta de montafia de la
especialidad olimpica de diferentes niveles competitivos, proveyendo un marco de
referencia para los entrenadores para el control del proceso de entrenamiento con el
fin de ayudar a mejorar el rendimiento de los atletas, y para mejorar la deteccion e
identificacion de talentos en estos deportes; y b) se ha realizado una evaluacién
precisa de los habitos alimentarios y de la ingesta dietética de los atletas de diferentes
deportes durante el entrenamiento y la competicién para comparar la energia ingerida,
los nutrientes y la hidratacion con las recomendaciones para el deporte en cuestion y
proporcionar un asesoramiento nutricional adecuado para la mejora del rendimiento y

el mantenimiento de la salud del deportista de elite.
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CONCLUSIONS

Specific:

¢ A variety of anthropometric techniques were used in talent identification in different
sports types (individual sports, field sports, contact team sports, court sports,
weight classified sports), taking into consideration physical growth and maturation,
absolute size and proportionality, somatotyping and body composition. The data
suggest that athletes are characterized by a combination of body composition/body
size traits which are believed to influence the chance of success in any given
sport. The measurement of kinanthropometry is a crucial tool in the search for
information to assist coaches and athletes in the quest for success at the highest

level in sport (Contribution I).

e The anthropometric characteristics, body composition and somatotype of elite
male and female junior tennis players according to performance are presented
(Contribution Il). This information provides a reference frame for coaches to
control the training process in order to help improve athletes’ performance, and to

improve talent detection and identification in tennis.

¢ No significant differences were observed in any measured item for the males
between the first 12 and the lower ranked elite male junior tennis players. By
contrast, significant different were observed in height and humeral and femoral
breadths between the first 12 and the lower ranked females, whereby the first 12
were taller and had wider humeral and femoral breadths than the lower ranked
players. These differences could influence the playing style of junior female

players (Contribution II).

e Anthropometric profile charts for elite junior tennis players are established
(Contribution II).

o The anthropometric profiles of male Olympic cross country mountain bikers at

different competitive levels are presented (Contribution IlI).

o Elite and world or Olympic champion riders showed physical differences from sub-
elite and not world nor Olympic mountain bikers, respectively. Elite riders had

significantly lower BMI, lower percentage of fat, total thigh area and larger thigh
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muscle area than the sub-elite riders, and presented significantly lower values for
the endomorphic component and higher values for the ectomorphic component.
Comparisons between of world or Olympic champion mountain bikers and not
world nor Olympic champion riders, showed that the world or Olympic champion
mountain bikers had a significantly higher values, body mass, arm span, upper
arm girth relaxed and upper arm girth flexed and tensed, calf girth, total upper arm
area, and upper arm muscle area than the not world nor Olympic champion riders
group. A low body mass and a high upper arm muscle mass appear to be good

predictors of success in XCO mountain biking (Contribution IlI).

Feeding habits of the cadet/junior cyclists of Spanish national mountain bike team
are considered inadequate, being significantly better for the Under-23/elite group,
although also in this older group there are basic aspects to improve. Formation on
nutrition, especially with the youngest, is required; also better control and
orientation for adequate feeding habits of the athletes during the sport season and
especially in the non-competing periods. Families and athletes should be involved

on this matter (Contribution IV).

The nutritional intake, body composition, and biochemical profile of the

professional cyclists in a four-stage race are presented (Contribution V).

Intake of all micronutrients, except for folate and potassium, exceeded the

recommended dietary allowances (Contribution V).

Percentage of body fat and fat weight significantly decreased while weight of
muscle mass remained unchanged after the Tour. The endomorph component
significantly decreased after the Tour, with the other components remaining
unchanged. Concentrations of urea, aspartate aminotransferase, alanine
aminotransferase, creatine kinase, myoglobin, and high-density lipoproteins

significantly increased after the Tour (Contribution V).

Overall:

The results of the present Doctoral Thesis highlight the importance, usefulness

and necessity of the determination and evaluation of anthropometric and nutritional

profiles for performance and health in sport. So, a) the anthropometric characteristics,

body composition and somatotype of elite athletes of tennis and cross country Olympic
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mountain biking at different competitive levels are determined, providing a reference
frame for coaches to control the training process in order to help improve athletes’
performance, and to improve talent detection and identification in these sports; and b) a
precise evaluation of the feeding patterns and dietary intake of athletes in different
sports during training and competition was performed, to compare energy intake,
nutrients, and hydration recommendations for sport in question and provide advice and
adequate nutritional approach for performance improvement and maintenance of

health in elite athletes.
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FORTALEZAS, DEBILIDADES Y FUTURAS LINEAS DE TRABAJO

Fortalezas:

e Aportacion ll: El tamafio grande de muestra (123 elite tenistas junior, de los
mejores equipos) es un activo de este estudio en comparacién con los otros
encontrados en la literatura. Ademas, el importante origen de la muestra, al
tratarse de los mejores jugadores junior del mundo en el momento de la
evaluacion. Ademas, en el momento del estudio, los jugadores estaban
participando en la competicién mas importante del mundo (la “Junior Davis Cup”

y la “Fed Cup”), estando por lo tanto en un estado 6ptimo de forma.

e Aportacion lll: Los principales puntos fuertes de este estudio son: a) es la
primera vez en la que se han medido las variables antropométricas, el
somatotipo, y la composicion corporal en el ciclismo de montafia olimpico; b) la
calidad de los sujetos estudiados (los mejores ciclistas de montafia del mundo en
el momento del estudio); c) se compararon a los mejores ciclistas con los mas
bajos en el ranking para determinar si podria ser encontrada alguna diferencia
con lo que respecta a las variables antropométricas; d) el estudio se llevo a cabo
durante una de las competiciones mas importantes en el mundo para ciclistas de
bicicleta de montafia, por lo que todos los ciclistas deberian estar al maximo

estado de forma.

e Aportacion V: Los principales puntos fuertes de este estudio son: a) la calidad
de los sujetos estudiados (ciclistas profesionales en el momento del estudio); b)
el estudio se llevd a cabo durante una importante competicion del UCI World

Tour.

Debilidades:

e Aportacion I: El estudio so6lo se ha hecho con jovenes deportistas y no con una

muestra de adultos, lo cual hubiera ampliado la informacién disponible.

e Aportacion Il: Se podria haber evaluado el estado de maduracion biolégica de
los sujetos, ya que esta informacion nos permitiria discriminar el estado de

maduracion biologica de la edad cronoldgica.
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o Aportaciones Il y lll: Los resultados tienen que ser tenidos en cuenta como un
punto de referencia, pero no como un modelo obligatorio para un mejor
rendimiento. De esta manera, los resultados presentados se pueden utilizar
como una referencia estandar, pero deben ser interpretados con precauciéon de

acuerdo con las caracteristicas y necesidades individuales

Futuras lineas de trabajo:

e Realizar una investigacion con la evolucibn de las caracteristicas
antropométricas, composicion corporal y somatotipo de tenistas a nivel

longitudinal.

e Realizar una evaluacién del perfil nutricional, composicion corporal y bioquimica
en una prueba ciclista de 3 semanas, realizando un analisis objetivo y directo de

los minerales, evitando las tablas de estimacion (actualmente en desarrollo).

e Realizar la fase de escritura con los datos ya tomados para la determinacién del
perfil antropométrico, composicion corporal y somatotipo de ciclistas de pista de
elite: 116 sujetos evaluados durante el Campeonato del Mundo Pista 2013 y
diferenciados por género, especialidad y nivel de rendimiento (actualmente en

desarrollo).

e Realizar la fase de escritura con los datos ya tomados para la determinacién del
perfil antropométrico, composicién corporal y somatotipo de ciclistas de trial bici
de elite: 32 sujetos evaluados durante el Campeonato del Mundo Trial Bici 2009
y diferenciados por especialidad y nivel de rendimiento (actualmente en

desarrollo).

e Realizar la fase de escritura con los datos ya tomados para la determinacién del
perfil fisico y antropométrico de jugadores de padel de elite: 47 sujetos
evaluados durante el “Padel World Tour” 2012 y diferenciados por nivel de

rendimiento (actualmente en desarrollo).
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STRENGHTS, WEAKNESSES AND FUTURE DIRECTIONS

Strenghts:

e Contribution Il: The large sample size (123 elite junior tennis players of the best
teams) is an asset of this study compared to the other studies found in the
literature. In addition, the sample source was important as the subjects were the
best junior players in the world at the time of testing. Furthermore, at the time of
the study, the players were competing in the most important junior competitions
in the world (the junior Davis Cup and Fed Cup), and were therefore in optimal

shape.

e Contribution lll: The main strengths of this study are that a) it is the first time
that anthropometrical, somatotype, and body composition variables are
measured in XCO mountain biking; b) the quality of the subjects studied (they
were the best riders in the world at the time of study); c) the best riders were
compared with lower ranked to ascertain if any difference could be found with
regard to anthropometric variables; d) the study was carried out during one of the
most important competitions in the world for elite riders, so all the cyclists should

be in top physical shape.

e Contribution V: The main strengths of this study are that a) the quality of the
subjects studied (they were professional cyclists at the time of study); b) the

study was carried out during one important competition of the UCI World Tour.

Weaknesses:

e Contribution I: The study has been carried out just with young athletes and not
with adults, and this could provide valuable added information.

e Contribution II: Maturity status should have been assessed, because this could
allow us to determine biological maturity and chronological age.

e Contributions Il y lll: The results have to be taken into account as a point of
reference, but should not be taken as an obligatory model for better performance.
In this way, the results presented can be used as a standard reference, but
should be interpreted with caution according to individual characteristics and
necessities.
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Future directions:

e To investigate in a longitudinal way the anthropometry, body composition, and

somatotype of tennis players of different competitive levels.

e To develop an assessment of the nutritional profile, body composition and
biochemical values in a 3 week grand tour, using objective and direct analysis of

minerals, avoiding estimation tables (in progress).

e To write a manuscript with the data already taken for the determination of the
anthropometrical profile, body composition, and somatotype of track cycling elite
cyclists: 116 subjects assessed during the 2013 track cycling world
championships, according to gender, specialty, and competitive level (in

progress).

e To write a manuscript with the data already taken for the determination of the
anthropometrical profile, body composition, and somatotype of Trials cycling elite
cyclists: 32 subjects assessed during the 2009 world championships, according

to specialty, and competitive level (in progress).

e To write a manuscript with the data already taken for the determination of the
anthropometrical profile, body composition, and somatotype of elite padel
players: 47 subjects assessed during the 2012 “Padel World Tour”, according to

competitive level (in progress).
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Abstract

v

The aim of the study was to describe anthro-
pometric and physical characteristics of elite
young road-race motorcyclists (MC). 27 riders
(15.6+£1.1 years, 54.6+6.9kg, 166.9+6.7cm)
competing at international elite level partici-
pated in this study. Anthropometric variables,
hand grip and lumbar isometric strength, and
lower-body muscular strength were measured.
Comparisons of the MC and a reference group of
Spanish physically active adolescents (16.0+0.6
years) showed that the riders were significantly
lighter (-12.5kg), and smaller (-4.7 cm). Riders
also had significantly lower values for almost all
skinfolds, and for all the measured girths (except

forearm) than the reference group. Motorcyclists
showed significantly less percent body fat (%BF)
and higher muscle mass, and differences were
observed for somatotype components compared
to the reference group, except for the ectomor-
phy. Somatotype could be defined as meso-
morphic-ectomorph (2.5-4.4-3.7). Mean (£SD)
values of all riders were 34.8 5.0 cm for vertical
jump height, 402.1+74.5 N for the right hand
and 370.7+77.5 N for the left hand strengths, and
120.6+19.3kg for lumbar isometric strength,
respectively. Results demonstrate that MC are
small and light, with lower body mass index, skin-
folds, girth and breadth dimensions, and %BF than
areference group and other athletes, with high val-
ues of hand grip and lumbar isometric strength.

Introduction

v

Road-race motorcycling is the most popular
modality of motorcycling characterized as a high-
speed event. Road Racing World Championship
Grand Prix is the premier championship of
motorcycle road racing currently divided into 3
classes: 125-cc, Moto2 (600-cc) and MotoGP
(800-cc). The 125-cc class uses a 2-stroke engine
while Moto2 and MotoGP use 4-stroke engines.
Although road-race motorcycling performance
depends on the characteristics of the motorcycle
as well as on the capabilities of the riders,
research has focused mainly on the technology
advances of the motorbikes and riding equip-
ment [8,23], pattern of injuries [16,28,29], and
safety [20,21]. At the present, there are few sci-
entific data on the physical and physiological
load in training and competition [2,6,7,10,13],
and there is no information on the anthropomet-
ric and physical characteristics of road-race
motorcyclists.

Therefore, the purposes of this study were 1) to
describe the anthropometric and physical char-
acteristics of elite young road-race motorcyclists,
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and 2) to establish an anthropometric and physi-
cal profiles chart for elite young road-race motor-
cyclists, in order to be used for the detection and
identification of talents or to plan training pro-
grams.

Materials and Methods

v

Subjects

27 elite young road-race motorcyclists (MC) with
a mean (+SD) age of 15.6+1.1 years took part in
this study. They were all the participants of the
Red Bull MotoGP Rookies Programme, an inter-
national talent scout initiative, created jointly by
Red Bull and Moto GP (DORNA). All riders took
part in Red Bull MotoGP Rookies Cup, a competi-
tion open to young road-race motorcyclists from
all over the world that constitutes the most
important step to enter Grand Prix motorcycle
racing. A control group of Spanish physically
active male adolescents (16.0+0.6 years) was also
studied in order to make comparisons between
the riders and a normal population of similar age.
All subjects received a clear explanation of the
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study, including the risks and benefits of participation, and writ-
ten consent was obtained for those responsible for the program.
The study was approved by the Ethics Committee of the Univer-
sity of Granada and was carried out in accordance with the ethi-
cal standards proposed by Harriss and Atkinson [15].

Experimental design

All testing were carried out during a competition of the Red Bull
MotoGP Rookies Cup, coinciding with a race of the FIM Road
Racing World Championship Grand Prix (MotoGP) which took
place in Brno (Czech Republic) in 2009. Standard anthropometry
(height, weight, BMI, 8 skinfolds, 5 girths, and 2 breadths), lower-
body muscular strength, hand grip strength, and lumbar isomet-
ric strength were the tests selected. All subjects were assessed
on the same day, and the tests were performed in the same
order.

Anthropometric variables and body composition
Anthropometric variables were performed following the proto-
col developed by the International Society for Advancement of
Kinanthropometry (ISAK) [22]. All anthropometric measure-
ments were conducted by the same experienced evaluator, a
Level 2 ISAK anthropometrist. The technical error of measure-
ments was less than 5% for skinfolds and less than 1% for the
other measurements. Anthropometric variables included weight,
height, 8 skinfolds (biceps, triceps, subscapular, suprailiac,
supraspinal, abdominal, thigh and medial calf), 5 girths (upper
arm relaxed, upper arm flexed and tensed, forearm, thigh and
medial calf), and 2 breadths (humeral and femoral). Height was
measured to the nearest 0.1cm using a stadiometer (GPM, Seri-
tex, Inc., Carlstadt, New Jersey), and weight was measured to the
nearest 0.1kg using a portable scale (model 707, Seca Corpora-
tion, Columbia, Maryland). Skinfold thickness were obtained
using a Holtain skinfold caliper (Holtain Ltd., Crymych, UK) and
recorded to the nearest 0.2 mm, and the girths were performed
using a flexible anthropometric steel tape (Holtain Ltd., Crymych,
UK) to the nearest 0.1 cm. Skinfolds were taken 3 times and the
mean of 3 measurements was used in the analyses. The sum of 3
skinfolds (triceps, subscapular, and supraspinal), 6 skinfolds
(sum of 3 and suprailiac, abdominal, and thigh), and 8 skinfolds
(sum of 6 and biceps, and medial calf) were also calculated. Body
mass index (BMI) was calculated as weight/height? where weight
was expressed in kilograms (kg) and height in metres (m). 5 dif-
ferent equations [9,18,27,31,32] were used to estimate body
density, and body fat percentage (%BF) was determined by the
Siri’s equation [25]. Muscle mass (MM) was determined in kg
using the methods of Lee and colleagues [19]. Somatotype char-
acteristics were determinate according to the Carter and Heath
method [5].

Lower-body muscular strength

After determining the anthropometric variables subjects per-
formed a warm-up consisting in the implementation of several
submaximal jumps. Lower-body muscular strength was assessed
using the Infrared Platform Ergo Jump Plus-Bosco System (Byo-
medic, S.C.P,, Barcelona, Spain). Each rider completed 3 maximal
countermovement jumps (CM]Js) with 3min rest allowed
between trials, recording the better value. All CMJs were com-
pleted keeping the hands on the iliac crest to avoid the influence
of the upper limbs on jump performance, and the starting posi-
tion was standing straight. Then subjects flexed their knees to
the squat position (90°) and performed a maximal vertical
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jump. Measured height was expressed in centimeters and was
converted to power (w) using the Gonzalez-Badillo and Goros-
tiaga equation [14]: Power (w)=Weight (kg)x9.81xV [2x9.81x
jump height (m)].

Hand grip strength

A Digimax electronic dynamometer (Mechatronic GmbH, Darm-
stadt, Germany) was used to determine hand grip strength in
both right and left hands. The dynamometer was adjusted for
each subject’s hand size and the riders were kept in stand posi-
tion with the arms parallel to the ground and with the elbow
joint maintained at 90° flexion. The subjects were instructed to
perform a maximal isometric contraction. Each subject was
allowed 3 trials with a 1 min rest between trials, and the highest
value was recorded.

Lumbar isometric strength

A lumbar extension dynamometer (Takei Kiki Kogyo, Tokyo,
Japan) was used to determine lumbar isometric strength. The
subject stood on the platform with the knees extended and the
trunk flexed to an angle of 150°. Holding the bar with a pro-
nated grip, the subject pulled it slowly but vigorously, extending
the lower back. The best score of 3 trials with 1min recovery
between each was recorded and used in the analyses. The values
obtained by the Takei were converted from kg to N.

Statistical methods

Standard descriptive statistics (means, SD, range) were used to
present the characteristics of the subjects for all variables,
including the values for MC in relation to the reference group. All
variables were checked for normality using the Shapiro-Wilk
test. Differences in the physical and anthropometric variables
between the group of MC and the reference group (Spanish boys
aged 15.0-17.0 years) were compared using an independent
t-test. For all analyses, 5% was adopted as the significance level.
A profile chart with norms, using percentiles (values of 5, 10, 25,
50, 75, 90, 95) was constructed for the group of MC. All statisti-
cal analyses were carried out with the SPSS statistical package
(version 18.0; SPSS, Inc, Chicago, Illinois, USA).

Results

v

© Table 1 gives the means (+SD) and ranges for the anthropo-
metric and physical characteristics for the MC and the reference
groups, as well as the percentiles (P) of the MC in relation to the
reference group. Comparisons of the MC and the normative ref-
erence group showed that the riders were significantly lighter
(-12.5kg), and smaller (-4.7cm). The riders also had signi-
ficantly lower values for the triceps (-3.9 mm), biceps (-1.8 mm),
subscapular (-3.7mm), suprailiac (-6.9mm), supraspinale
(-4.6mm), abdominal (-7.6mm), thigh (-4.6mm), and calf
(-3.6mm) skinfolds. Motorcyclists also had significantly lower
values for the upper arm relaxed girth (-2.6cm), upper arm
flexed and tensed girth (-2.2 cm), thigh girth (-5.2 cm), medial
calf (-5.3cm), and femur breadth (-0.7 mm) than the norma-
tive reference group. The forearm girth was significantly lower
for the elite young road-race motorcyclists (-2.3 cm). Motorcy-
clists showed significantly lower %BF and higher MM, and also
significant differences were observed for somatotype compared
to the reference group (lower in MC, except for the ectomorphic
component of the somatotype which was higher). Only non-
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Table 1 Mean, standard deviation, range, and percentiles in comparison to a reference group, for the anthropometric and physical characteristics of elite
young road-race motorcyclists.

Road-race riders Group (n=27) Reference Group (n=27)

Variable Mean+SD Range Mean+SD Range Percentile®
age (yr) 15.6+1.1 13.7-17.8 16.0+£0.6 15.0-17.0
height (cm) 166.9£6.7" 153.3-178.4 171.6+6.1 161.1-183.5 P24
weight (kg) 54.646.9** 39.4-73.7 67.1%15.4 44.9-102.5 P18
BMI (kg/m?) 19.5+1.5* 16.8-23.3 22.7+4.4 15.5-32.8 P29
triceps skinfold (mm) 8.0+2.4* 4.4-13.4 11.9+6.4 5.0-29.2 P32
biceps skinfold (mm) 3.6+1.0" 2.6-6.2 5.4+3.3 2.8-15.6 P36
subscapular skinfold (mm) 7.0£1.3" 5.0-10.0 10.7+5.6 5.0-29.4 P24
suprailiac skinfold (mm) 10.1+3.7* 5.2-20.4 17.0£9.9 6.2-40.0 P33
supraspinale skinfold (mm) 6.5+2.5* 4.2-13.8 11.1+6.8 4.2-29.0 P34
abdominal skinfold (mm) 8.9+3.8%* 4.2-20.4 16.5+9.5 6.4-39.4 P28
thigh skinfold (mm) 9.9+2.3* 5.4-16.2 14.5+7.6 7.0-37.0 P27
calf skinfold (mm) 8.0+1.8" 4.6-12.0 11.6+8.4 4.2-41.0 P36
upper arm girth (cm)f 26.1£1.8" 21.7-30.1 28.7+4.3 21.7-37.9 P39
upper arm girth (cm)ff 28.4+1.9* 23.3-33.1 30.6£3.9 23.6-38.9 P31
forearm girth (cm) 25.0£1.3" 22.4-28.9 27.3£3.2 22.6-26.1 P30
thigh girth (cm) 45.9+3.0* 39.3-53.5 51.1+7.4 38.7-70.1 P29
calf girth (maximum) (cm) 32.0£2.0** 27.4-36.7 37.3t4.4 31.3-49.9 P5
humerus breadth (cm) 6.8+0.3 6.0-7.5 6.8£0.4 6.0-8.0 P50
femur breadth (cm) 9.5+0.4* 8.3-10.3 10.2+1.0 8.8-13.4 P22
sum of 3 skinfolds (mm) 25.0£6.7" 16.4-42.2 33.8+18.4 15.8-85.8 P38
sum of 6 skinfolds (mm) 53.9+15.4* 34.0-99.2 81.7+£43.9 36.0-194.0 P36
sum of 8 skinfolds (mm) 65.5+17.3* 41.2-117.4 98.8+£54.6 44.2-233.0 P36
% body fat
Durnin and Womersley [9] 13.1£3.5" 7.8-20.9 18.3£7.0 8.9-33.3 P32
Katch and McArdle [17] 8.5+2.1% 5.9-13.8 13.0+6.4 6.4-31.3 P32
Sloan [25] 7.5+1.8* 4.2-12.2 123+7.4 5.7-32.9 P20
Wilmore and Behnke [29] 11.1£1.7%* 9.1-16.6 14.8+4.8 9.6-26.7 P27
Whiters and colleagues [30] 9.2+£2.2* 6.0-15.8 14.5+8.0 6.7-34.8 P28
muscle mass (kg) [18] 47.9+3.1* 43.1-57.7 445+6.4 31.7-57.2 P69
somatotype
endomorphy 2.5+0.8" 1.6-4.4 3.2x1.6 1.4-7.4 P39
mesomorphy 4.4%0.7" 3.0-5.7 54+1.9 2.2-9.4 P33
ectomorphy 3.7£0.8* 1.9-5.0 2.6£1.9 -1.0-6.5 P66
hand grip strength
right hand (N) 402.1+74.5 237.3-547.2
left hand (N) 370.7+£77.5 231.4-503.1
lumbar isometric strength (N) 1182.7+£189.3 764.9-1163.2
lower-body muscular strength
CM] height (cm) 34.8+5.0 26.8-44.1
CM] power (W) 1399.4+232.8 956.3-1932.1
*p<0.05; **p<0.001
TRelaxed; 1 Flexed and tensed. # Values for elite young motorcyclist in relation to the reference group
significant differences between groups (p>0.05) were observed  Discussion

for humeral breadth. v
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The mean somatotype for the MC (2.5-4.4-3.7) demonstrates
that these athletes were predominantly mesomorphic, being
characterised as ecto-mesomorphic according to Carter and
Heath [5]. © Fig. 1 shows the somatoplots for all the individual
riders as well as mean for this athletes group.

The mean (+SD) vertical jump height, hand grip strength and
lumbar isometric strength of all MC were 34.8+5.0cm,
402.1+£74.5 N for the right hand and 370.7+77.5 N for the left
hand, and 1182.7+189.3 N, respectively. An anthropometric and
physical profile is given in © Table 2. The scores for 18 anthropo-
metric dimensions and 3 performance tests are located on the
chart together with the corresponding percentile values.

Most of the studies on road-race motorcycling in the scientific
literature are focused on the technological advances of motor-
bikes and riding equipment 8, 23], pattern of injuries [ 16,28,29],
and safety [20,21]. A few recent studies have examined physical
and physiological load in training and competition [2,6,7,10,13],
and to our knowledge this is the first study that attempts to
describe anthropometric and physical characteristics on MC.

A comparison with previously published results for adult motor-
cycle riders of different events is given in © Table 3. Ascensdo
and colleagues [3] analyzed physiological and functional changes
induced by a simulated off-road motocross heat in a sample of
15 male off-road motocross riders. The elite off-road motocross
riders were taller and heavier than the elite young road-race
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motorcyclists of the present study (mean+SD) 169.8 +4.0cm vs.
166.9+6.7cm, 71.1£7.0kg vs. 54.6+6.9kg, respectively). Simi-
larly, the 7 off-road male motorcyclists with international race

Training & Testing Al

experience evaluated in the study of Gobbi and colleagues [13]
were taller and heavier than the Red Bull Rookies Cup riders
(177.0£9.0cm vs. 166.9+6.7cm, 74.7+8.1kg vs. 54.6+6.9kg,
respectively), and alike pattern when MC were compared to
enduro riders (176.0+7.0cm vs. 166.9+6.7cm, 75.4+9.0kg vs.

Mesomorphy Fig. 1 Somatotype
TS distribution of elite 54.6+6.9kg, respectively), or desert rally riders (176.0+3.0cm
s men young road-race vs. 166.9+6.7cm, 79.2+3.4kg vs. 54.6+6.9kg, respectively).

lists.
- motorcyclists.

Also, the riders of the present study were smaller and thinner

" o ..o ©O:mean somatotype = than road-race riders participating in the French Motorcycle
."33,; BE=BAHT Trophy [10] (166.9+6.7cm vs. 178.4+8.4cm, 54.6+6.9kg vs.
.f_'. 74.6+7.1kg, respectively). BMI presented by MC of our study

was lower than those reported by motorcycle riders from other
studies [3,10,13]. ¢ Table 3 also shows the %BF of motorcycle
riders from different events reported in the scientific literature.
Most of the previous studies did not indicate the equation used

Endomorphy\.' ~— = Ectomorphy

o}

Table 2 Percentiles for the anthropometric and physical variables for elite young road-race motorcyclists. %
£

Percentiles B

Variable 5 10 25 50 75 90 95 5
height (cm) 154.3 156.0 161.8 167.2 1723 175.2 178.1 %
weight (kg) 41.0 44.4 50.0 55.9 58.9 60.7 68.7 38
BMI (kg-m~2) 17.1 17.8 18.5 19.6 20.2 21.6 23.0 g
triceps skinfold (mm) 4.7 5.2 6.0 74 9.4 12,5 13.2 o
biceps skinfold (mm) 2.6 2.6 2.8 3.4 4.2 5.3 6.0 g
subscapular skinfold (mm) 5.2 5.4 6.2 6.6 8.0 9.0 9.7 o
suprailiac skinfold (mm) 5.3 5.9 7.2 9.2 122 15.1 19.8 3
supraespinale skinfold (mm) 4.4 4.6 4.8 5.7 7.4 11.2 12.8 ﬁ
abdominal skinfold (mm) 4.5 5.6 6.4 8.2 9.6 15.8 18.8 %
thigh skinfold (mm) 6.2 7.4 8.4 9.4 11.2 13.4 15.3 =
calf skinfold (mm) 5.2 6.0 6.4 7.2 9.8 10.6 11.5 =
upper arm girth (cm)t 222 23.9 24.8 26.1 273 283 29.7 §
upper arm girth (cm)ff 23.9 26.0 27.4 28.4 29.7 30.3 32.1 S
forearm girth (cm) 225 23.0 24.2 253 25.6 26.0 28.0 1G]
thigh girth (cm) 39.9 422 44.6 457 48.2 49.9 52.1 8
calf girth (maximum) (cm) 28.1 29.6 31.2 31.9 33.2 35.3 36.2 B
humerus breadth (cm) 6.2 6.5 6.6 6.8 7.1 7.2 7.5 g
femur breadth (cm) 8.5 9.1 9.3 9.5 9.7 9.8 10.1 §
hand grip strength 5
right hand (N) 255.0 297.1 351.1 398.1 457.0 508.0 534.5 >
left hand (N) 241.2 256.0 306.0 375.6 437.4 465.8 492.3 [
lumbar isometric strength (N) 800.2 888.5 1073.8 1181.7 1274.9 1451.4 1572.0 E
lower-body muscular strength ;
CM] height (cm) 27.2 28.4 30.7 339 39.0 426 439 2
CM| power (W) 991.7 1086.0 1216.8 1377.5 1575.6 1715.5 1851.4 .‘10’
TRelaxed; ffFlexed and tensed 5
s

a

Table 3 Summary table of studies examining age, height, weight, BMI, body fat percentage and hand grip strength of motorcyclists of different events
(mean*SD).

Study N Gender Age Height Weight BMI body fat Right hand Left hand Event
(yr) (cm) (kg) (kg-m~2) (%) grip (N) grip (N)

Ascensao and 15  Male 28.3+7.9 169.8+4.0 71.1£7.0 -~ 14.9+3.3 467.5+61.7 393.0%65.7  Motocross
colleagues [3]
Filaire and 12 Male 222+1.3 178.4+84  76.4%7.1 24.0£0.8  12.3%2.1 - — Road-race
colleagues [10]
Gobbi and 7 Male 23.0+4.0 177.0+9.0 74.7+8.1 23.7+0.6 13.3£3.1 511.0+£51.0 545.0+61.0 Motocross
colleagues [13]

10 Male 29.0+6.0 176.0+7.0 75.4+9.0 24.5+0.3 12.6+3.7 506.0+£52.0 506.0+£47.0 Enduro

10 Male 32.0£3.0 176.0+3.0 79.2+3.4 25.7+0.1 15.1+3.4 500.0£50.0 499.0+53.0  Desertrally
D’Artibale and 26 Female 30.8£6.1 164.0+4.0 56.5+6.7 20.9+2.3 21.6+4.4} 307.0£32.0 281.0+47.0  Motocross
colleagues [6]
present study 27  Male 15.6+1.1 166.9+6.7  54.66.9 19.5£1.5  13.1£3.5{f  402.1£74.5 370.7+77.5 Road-race

tJackson and Pollock equation [16]; {T Durnin and Womersley equation [9]
~*Data not available
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to determine %BF or the one used was different from that used
in the current study. This made it difficult to compare values and
this is why we present 5 different equations. Finally, MC of the
present study showed lower values of hand grip strength in both
the right and the left hand (65.4-108.9 N; 22.3-174.3 N, respec-
tively) than the motorcycle riders of the various events of previ-
ous studies [3,10,13]. The possible explanation for the lower
values of the subjects measured in this study could be due to the
differences in age (younger MC).

To our knowledge, contrary to what happens in other sports,
there is no previous data in the scientific literature on the
anthropometric characteristics of young motorcycle riders with
which to compare those obtained in this study. With respect to
the anthropometric data observed in elite junior tennis players
[24] who participated in the 2005 and 2006 Davis Junior Cup,
the elite young road-race motorcyclists of our study were smaller
and thinner (166.9+6.7cm vs. 176.8+6.4cm, 54.6+6.9kg vs.
69.9+6.8 kg, respectively), with lower BMI (19.5+1.5kg-m™2 vs.
22.3+1.4kg-m~2), skinfold thickness, girths, breadths, and %BF
(13.1£3.5%vs. 15.8+£3.6%, by Durnin and Womersley’s equation
[9]), and higher MM (47.9+3.1kg vs. 44.5+6.4kg, by Lee and col-
leagues [19]), than the elite tennis players. Similar findings were
observed in weight when comparing the athletes of our study
with elite men junior weightlifters [12], experienced men junior
competitive climbers [30], and elite male junior rowers [4].
According to the results obtained in this study, when compared
with previous published results for the Spanish adolescent pop-
ulation [1], road-race riders are smaller (166.9+6.7cm vs.
170.9+8.6cm) and lighter (54.6+6.9kg vs. 63.8+12.9kg), and
have a lower BMI (19.5+1.5kg-m™2 vs. 21.7+3.6kg-m~2), and
lower %BF when comparing both with Slaughter’s equation [26]
(14.2£3.2% vs. 19.7£10.0%). The lower %BF and the higher MM
in these subjects in comparison with the normal population of
the same age can be related to training and nutrition more than
to genetics. We know that these subjects normally are much
more active than the normal population of the same age, as well
as they take care about their feeding and body weight to take
more advantage in competitions. Nevertheless, we cannot know
the relative importance of genetics as we did not make any spe-
cific analyses, although in this category it seems to be important
to be thin and small. For safety, in road-race motorcycling the
minimum weight of the motorbike is restricted according to the
rules of the FIM (International Motorcycling Federation) depend-
ing on the number of cylinders. For MotoGP or 800-cc class the
minimum weight is between 135kg and 165kg, for Moto 2 or
600-cc class the minimum weight is 135kg, and for 125cc class
the minimum weight checked is the total of the rider with full
protective clothing plus the weight of the motorcycle (136kg).
Overweight is a handicap in regard to performance in motorcy-
cling [6,13] and optimal weight distribution on the motorbike is
very important [11]. Less weight is a determining factor to get
maximum acceleration out of each curve and more rapid decel-
eration in the breaking upon entering the curve, and normally
the maximum speed for a given circuit is achieved by the lighter
riders. Therefore, according to Gobbi and colleagues [13] the
heavier rider requires more muscular force for optimal control
of his motorcycle. On the other hand, although a low weight may
compromise the grip on the exit of the curves, the low power of
the motorcycles in this category (125-cc) makes the influence of
the weight on the grip minimal. In this study it is important to
point out that the weight of all the motorcycles was the same
and the difference was just in the riders’ weight.

The height of the road-race rider also has an influence on per-
formance, but less than the weight. An excessive height increases
the front area of the pilot-motorcycle combination and therefore
the drag force increases, resulting in a decrease in speed. Then
maximum height of the road-race rider should be the one that
allows him to adapt behind the motorcycle fairing. On the other
hand, when the rider is too small it is necessary to adapt the
motorcycle’s controls to allow optimum riding.

Technical and psychological variables clearly mediate sport per-
formance and success, but physical condition and anthropomet-
rical characteristics must be in the appropriate range. We argue
that being light and small helps in this category (125-cc) in
which the power of the motorcycle is limited, and these anthro-
pometric characteristics can be a prerequisite rather than a dis-
advantage. In other categories such as Moto 2 and MotoGP to be
small and light does not highly influence performance. So, we
sustain that weight and height are predictor variables of per-
formance in road motorcycling, especially in 125-cc category
and less predictor variables in higher categories, although it has
been argued that MotoGP motorcycles of some very light riders
should be over weighted not to have a clear advantage (as for
example is attributed to famous world champion pilots as Dani
Pedrosa, Andrea Dovicioso, or Toni Elias). In fact, the success of
the Red Bull Rookies Cup program working with these very
young riders has become a reality because, from the subjects
studied, 2 seasons later at least 10 riders are competing in the
125-cc elite class and some of them in the top 5 of the world.

In relation to strength values, higher scores were observed in the
riders for hand grip strength (772.8 N vs. 687.4 N; sum of the
average of both hands), in comparison to the values observed in
a group of Spanish adolescents (n=1196) of similar age meas-
ured by Artero and colleagues [1]. So, the results of the present
study suggest strongly that the sample of MC measured is differ-
ent from of the above mentioned adolescents of the same age
group.

Upper limb strength is an important factor in motorcycling [13].
Gobbi and colleagues [13] reported that in motocross riders
there is a significant difference in hand grip strength between
the left and right limb. The left arm was significantly stronger
than the right arm (6%, p<0.05). According to their explanation,
this difference may be due to the more frequent use in moto-
cross of the clutch lever by the left hand. In the road-race riders
of the present study, also significant differences were found in
hand grip strength between the left and right limb, but contrary
to motocross riders the right arm was significantly stronger than
the left arm (8.5%, p<0.00). This difference may be due to less
use of the clutch lever with respect to motocross and greater use
of the front brake lever by the right hand in the habitual braking
in road-race motorcycle competition.

For future research it would be very interesting to include an
aerobic capacity test as for example the 20m Shuttle run test.
Also, it is necessary to measure further bike categories to deter-
mine if there is a different physical and/or anthropometric pro-
file depending on the motorbike used.

In conclusion, these data appear to be the first of their kind
obtained from elite road-race motorcyclists and provide infor-
mation about anthropometric and physical characteristics of
elite young road-race motorcyclists. These riders are small and
light, with lower BMI, skinfold thickness, girth and breadth
dimensions, and %BF than a reference group and other sports
athletes of the same chronological age. The riders show high val-
ues of hand grip strength and lumbar isometric strength.
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This study provides reference values of anthropometric and
physical characteristics of elite young road-race motorcyclists.
This information provides a reference frame for coaches to con-
trol the training process in order to improve athletes’ perform-
ance, and to facilitate talent detection and identification in
road-race motorcycling. Other complementary variables should
be studied to obtain further knowledge about this sport in the
area of physical training and performance such as psychological
factors, physiological demands, muscular patterns in forearms
and hands, as well as the effect of different training programs
that could be compared in relation to balance, physical perform-
ance and competing result. In fact, up to now this sport has not
been studied extensively and the opportunities to investigate
are evident for researchers.
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- Curso 2008/2009

- Fundamentos y ensefianza del ciclismo (Libre configuracion especifica y
reconocimientos): 2 créditos P.

- Actividad fisica y salud (Lic. en CCAFD): 4 créditos P.

- Curso 2009/2010

- Fundamentos y ensefianza del ciclismo (Libre configuracion especifica y
reconocimientos): 2 créditos P.

- Actividad fisica y salud (Lic. en CCAFD): 4 créditos P.
- Curso 2011/2012

- Fundamentos deportes |l: balonmano, baloncesto y gimnasia ritmica (Lic.
en CCAFD): 2 créditos T.

- Control y aprendizaje motor (Lic. en CCAFD): 2.5 créditos T.
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- Curso 2012/2013

- Fundamentos deportes |: voleibol, atletismo y natacion (Grado en CCAFD):
6 créditos P.

- Actividad fisica y salud (Lic. en CCAFD): 6 créditos P.
- Curso 2013/2014

- Fundamentos deportes I: voleibol, atletismo y nataciéon (Grado en CCAFD):
6 creditos P.

- Fundamentos deportes IV: esqui o vela/ciclismo (Grado en CCAFD): 2
créditos T., 7 créditos P.

- Curso 2014/2015

- Anatomia funcional del aparato locomotor (Grado en CCAFD y Ed.
Primaria): 1.34 créditos T., 0.67 créditos P.

- Fundamentos deportes I: voleibol, atletismo y natacion (Grado en CCAFD):
7.97 créditos P.

- Fundamentos deportes lll: fubol, judo y gimnasia deportiva (Grado en
CCAFD): 6 créditos P.

- Juegos, danza y deportes tradicionales y alternativos (Grado en CCAFD):
1.99 créditos P.

- Mdsica, ritmo y expresividad no verbal en la educacion infantil (Grado en
Ed. Infantil): 0.5 créditos T., 0.25 créditos P.

- Expresion corporal y juegos (Grado en Ed. Primaria): 1 créditos T., 0.5
creditos P.

PROYECTOS Y CONTRATOS DE INVESTIGACION [RESEARCH PROJECTS Y
CONTRACTS]

1.

TITULO: Aceleracién de la maduracion docente de los profesores principiantes
universitarios y fomento de la autonomia del alumnado a través de diarios
personales. ENTIDAD FINANCIADORA: Unidad para la Calidad de las
Universidades Andaluzas (UCUA). ENTIDADES PARTICIPANTES: UCUA/
Universidad de Granada. DURACION: 12 meses (20/01/2005-20/01/20086).
INVESTIGADOR PRINCIPAL: Jests Viciana Ramirezz.  NUMERO DE
INVESTIGADORES PARTICIPANTES: 7. GRADO DE RESPONSABILIDAD DEL
SOLICITANTE: Colaborador.

TITULO: Formacién del profesorado principiante en la Facultad de Ciencias de la
Actividad Fisica y del Deporte. ENTIDAD FINANCIADORA: Universidad de
Granada. ENTIDADES PARTICIPANTES: Servicio de Evaluacién, Calidad y
Planes de Estudio-Vicerrectorado para la Garantia de la Calidad. Universidad de
Granada. DURACION: 12 meses (15/09/2010-15/09/2011). INVESTIGADOR
PRINCIPAL: Gracia Loépez Contreras. NUMERO DE INVESTIGADORES
PARTICIPANTES: 10. GRADO DE RESPONSABILIDAD DEL SOLICITANTE:
Colaborador.

TITULO: Soluciones Ergonémicas Integrales. Ref. 4PP0150472. ENTIDAD
FINANCIADORA: Incentivo “CAMPUS” para el fomento de la innovacion y el
desarrollo empresarial en Andalucia. Agencia de Innovaciéon y Desarrollo de
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10.

1.

Andalucia (IDEA). Consejeria de Innovacion, Ciencia y Empresa. Junta de
Andalucia. Linea de incentivo: Creacion de empresas. Categoria: Proyectos de
Empresa de Base Tecnolégica (EBT). PERIODO: 13-04-2010 a 13-04-2012 (24
meses). INVESTIGADOR PRINCIPAL: Victor Manuel Soto Hermoso. TIPO DE
PARTICIPACION DEL SOLICITANTE: Investigador colaborador. FINANCIACION:
134000 €.

TITULO: Control, valoracién y prescripcion de entrenamiento para jugadores de
tenis de competicion. ENTIDAD FINANCIADORA: Real Federaciéon Espafiola de
Tenis. PERIODO: 01-12-2011 a 31-11-2012. INVESTIGADOR PRINCIPAL: David
Sanz Rivas. TIPO DE PARTICIPACION DEL SOLICITANTE: Investigador
Colaborador. FINANCIACION: 7000 €. 3

TITULO: Levantamento antropométrico das criangas das escolas do ensino basico
do Barreiro. ENTIDAD FINANCIADORA: Departamento de Ciéncias da
Motricidade (Universidade Técnica de Lisboa). PERIODO: 20-05-2009 a 22-12-
2009 (7 meses). INVESTIGADOR PRINCIPAL: Maria Isabel Caldas Januario
Fragoso. TIPO DE PARTICIPACION DEL SOLICITANTE: Investigador
colaborador. FINANCIACION: ND.

TITULO: Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA).
ENTIDAD FINANCIADORA: European Comision: Research Directorate-General.
PERIODO: 01-01-2004 a 31-12-2007 (48 meses). INVESTIGADOR PRINCIPAL:
Manuel J. Castilo y Luis A. Moreno. TIPO DE PARTICIPACION DEL
SOLICITANTE: Investigador colaborador. FINANCIACION: 5.000.000 €.

TITULO: Physiological Benefits of Tennis. ENTIDAD FINANCIADORA:
International Tennis Federation. PERIODO: 01-07-2006 a 31-07-2006 (1 mes).
INVESTIGADOR PRINCIPAL: David Sanz Rivas y Jaime Fernandez. TIPO DE
PARTICIPACION DEL SOLICITANTE: Investigador colaborador. FINANCIACION:
ND.

TITULO: Estudio del perfil antropométrico de los jugadores de tenis: determinacion
del perfil en la categoria sub-16 y evolucion del perfil en la categoria sub-14.
ENTIDAD FINANCIADORA: Real Federacion Espafiola de Tenis (RFET).
PERIODO: 01-01-2005 a 31-12-2005 (12 meses). INVESTIGADOR PRINCIPAL:
David Sanz Rivas. TIPO DE PARTICIPACION DEL SOLICITANTE: Investigador
colaborador. FINANCIACION: 6.000 €.

TITULO: Analisis del perfil antropométrico de los jugadores sub-16 de nivel
internacional. ENTIDAD FINANCIADORA: Real Federacion Espafiola de Tenis
(RFET). PERIODO: 27-09-2005 a 02-10-2005 (1 mes). INVESTIGADOR
PRINCIPAL: David Sanz Rivas. TIPO DE PARTICIPACION DEL SOLICITANTE:
Investigador colaborador. FINANCIACION: ND.

TITULO: Determinacion del perfil antropométrico de los jugadores sub-16.
ENTIDAD FINANCIADORA: Real Federacion Espafiola de Tenis (RFET) e
International Tennis Federation (ITF). PERIODO: 27-09-2004 a 03-10-2004 (1
mes). INVESTIGADOR PRINCIPAL: David Sanz Rivas. TIPO DE
PARTICIPACION DEL SOLICITANTE: Investigador colaborador. FINANCIACION:
ND.

TITULO: Determinacién del perfil antropométrico de los jugadores de categoria

infantil en Espafia. ENTIDAD FINANCIADORA: Real Federacion Espafiola de
Tenis (RFET). PERIODO: 01-10-2004 a 30-11-2004 (2 meses). INVESTIGADOR

155



PRINCIPAL: David Sanz Rivas. TIPO DE PARTICIPACION DEL SOLICITANTE:
Investigador colaborador. FINANCIACION: 6.000 €.

Nota: la actividad profesional del doctorando desarrollada en la Real Federacion
Espafiola de Ciclismo ha estado ligada a la Universidad de Granada mediante 6
contratos de investigacion a través de la Fundacion Empresa Universidad de Granada.

ARTICULOS PUBLICADOS [PAPERS/ORIGINAL MANUSCRIPTS]

Revistas internacionales contempladas en el JCR (Journal Citation Report)

Sanchez-Muioz C, Sanz D, Zabala M. Anthropometric characteristics, body
composition and somatotype of elite junior tennis players. Brit J Sports Med 2007;
41(11): 793-799. (JCR: 2.463)

Ruiz JR, Ramirez-Lechuga J, Ortega FB, Castro-Pifiero J, Benitez JM, Arauzo-
Azofra A, Sanchez C, Sjostrdm M, Castillo MJ, Gutiérrez A, Zabala M. Artificial
neural network-based equation for estimating VO2max from the 20 m shuttle run
test in adolescents. Artif Intell Med 2008; 44(3): 233-245. (JCR: 1.825)

Zabala M, Requena B, Sanchez-Mufoz C, Gonzalez-Badillo JJ, Garcia I, O6pik
V, Paasuke M. Effects of Sodium Bicarbonate Ingestion on Performance and
Perceptual Responses in a Laboratory Simulated BMX Cycling Qualification
Series. J Strength Cond Res 2008; 22(5): 1645-1653. (JCR: 1.393)

Fernandez-Fernandez J, Sanz-Rivas D, Sanchez-Munoz C, Pluim BM,
Tiemessen |, Méndez-Villanueva A. A Comparison of the Activity Profile and
Physiological Demands Between Advance and Recreational Veteran Tennis
Players. J Strength Cond Res 2009; 23(2): 604-610. (JCR: 1.393)

Zabala M, Sanchez-Munoz C, Mateo M. Effects of the administration of feedback
on performance of the BMX cycling gate start. J Sports Sci Med 2009; 8(3): 393-
400. (JCR: 0.290)

Som A, Sanchez-Munoz C, Ramirez-Lechuga J, Zabala M. Estudio de los habitos
alimentarios de los ciclistas de la seleccion espafiola de Mountain Bike. Nutr Hosp
2010; 25(1): 85-90. (JCR: 1.096)

Serrano E, Venegas C, Escames G, Sanchez-Muioz C, Zabala M, Puertas A, De
Haro T, Gutiérrez A, Castillo M, Acufia-Castroviejo D. Antioxidant defence and
inflammatory response in professional road cyclists during a 4-day competition. J
Sports Sci 2010; 28(10): 1047-1056. (JCR: 1.619)

Fernandez-Fernandez J, Sanz-Rivas D, Sanchez-Muinoz C, Gonzalez de la Aleja
J, Buchheit M, Méndez-Villanueva A. Physiological responses to on-court vs
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10.

11.

12.

13.

14.

15.

running interval training in competitive tennis players. J Sports Sci Med 2011; 10:
540-545. (JCR: 0.676)

Sanchez-Muioz C, Rodriguez MA, Casimiro-Andujar AJ, Ortega FB, Mateo-
March M, Zabala M. Physical profile of elite young motorcyclists. Int J Sports Med
2011; 32: 788-793. (JCR: 2.381)

Rodriguez-Pérez MA, Casimiro-Andujar AJ, Sanchez Muioz C, Muros JJ, Zabala
M. Habitos alimentarios de los jovenes pilotos de motociclismo de élite
internacional. Rev Int Med Cienc Act Fis Deporte 2012; 12(46): 195-207. (JCR:
0.380)

Ramirez-Lechuga J, Muros JJ, Morente-Sanchez J, Sanchez-Muioz C, Femia P,
Zabala M. Efecto de un programa de entrenamiento aerdbico de 8 semanas
durante las clases de educacién fisica en adolescentes. Nutr Hosp 2012;
27(3):747-754 (JCR: 0.926)

Mateo-March M, Rodriguez-Pérez MA, Costa R, Sanchez-Muiioz C, Casimiro-
Andujar AJ, Zabala M. Efecto de un programa de intervencién sobre el estrés
percibido, autoestima y rendimiento en jovenes pilotos de motociclismo de elite.
Revista de Psicologia del Deporte 2013; 22(1): 1-9. (JCR: 0.897)

Rodriguez-Pérez MA, Casimiro-Andujar AJ, Sanchez-Mufioz C, Mateo-March M,
Zabala M. Habitos de entrenamiento en jévenes pilotos de motociclismo de elite
internacional. Rev Int Med Cien Act Fis Deporte 2013; 13(51): 615-625. (JCR:
0.380)

Morente-Sanchez J, Zandonai T, Mateo-March M, Sanabria D, Sanchez-Munoz
C, Chiamulera C, Zabala M. Acute effect of Snus on physical performance and
perceived cognitive load on amateur footballers. Scand J Med Sci Sports 2015;
25(4): e423-31. doi: 10.1111/sms.12321. (JCR: 3.174)

Sanchez-Muioz C, Zabala M, Muros JJ. Nutritional intake and anthropometric
changes of professional road cyclists during a 4-day competition. Scand J Med Sci
Sports 2015; doi: 10.1111/sms.12513. [Epub ahead of print] (JCR: 3.174)

Revistas nacionales e internacionales no contempladas en el JCR: 12

PUBLICACIONES EN CONGRESOS [CONGRESS ABSTRACTS]: 46

CAPIiTULOS DE LIBRO [BOOK CHAPTERS]: 6 (se destaca la aportacion elaborada
para la realizacion de la presente Tesis Doctoral: Sanchez-Muiioz C, Zabala M,
Williams K. Anthropometric variables and its usage to characterise elite youth athletes.
En: Preedy VR, editor. Handbook of anthropometry. Physical measures of human form
in health and disease. Vol 3. New York: Springer; 2012. p. 1865-1888).
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PREMIOS Y RECONOCIMIENTOS [AWARDS AND RECOGNITIONS]

1. Tercer Premio Nacional Fin de Carrera de Educacion Universitaria 2003-2004 en
los estudios de Ciencias de la Actividad Fisica y el Deporte, otorgado por el
Ministerio de Educacion y Ciencia.

2. Premio especial a la mejor comunicacion titulada "Propuesta de tests especificos
para la evaluacién del piloto de BMX”, otorgado por el comité organizador del Il
Congreso Nacional de Ciencias del Deporte: Nutricién, medicina y rendimiento en el
joven deportista. Universidad de Vigo. Pontevedra, 21-31 de Marzo de 2007.

BECAS DISFRUTADAS [GRANTS]

1. Tipo de beca o ayuda: PREDOCTORAL. Finalidad de la beca o ayuda: INICIACION
A LA INVESTIGACION. Entidad financiadora: UNIVERSIDAD DE GRANADA.
Fecha de inicio y finalizacion: 14-05-2003 a 31-12-2003. Centro e institucion donde
disfrutd la beca: FACULTAD DE CIENCIAS DE LA ACTIVIDAD FISICA Y EL
DEPORTE. UNIVERSIDAD DE GRANADA.

2. Tipo de beca o ayuda: PREDOCTORAL. Finalidad de la beca o ayuda:
REALIZACION DEL MASTER UNIVERSITARIO EN ALTO RENDIMIENTO
DEPORTIVO. Entidad financiadora: COMITE OLIMPICO ESPANOL. Fecha de
inicio y finalizacion: 19-11-2003 a 31-12-2005. Centro e institucién donde disfruté la
beca: COMITE OLIMPICO ESPANOL.

3. Tipo de beca o ayuda: PREDOCTORAL. Finalidad de la beca o ayuda:
FORMACION DEL PROFESORADO UNIVERSITARIO. Entidad financiadora:
MINISTERIO DE EDUCACION Y CIENCIA. Fecha de inicio y finalizacién: 01-04-
2006 a 01-04-2010. Centro e institucién donde disfrutdé la beca: FACULTAD DE
CIENCIAS DE LA ACTIVIDAD FISICA Y EL DEPORTE. UNIVERSIDAD DE
GRANADA.

4. Tipo de beca o ayuda: PREDOCTORAL. Finalidad de la beca o ayuda:
REALIZACION DE LABORES DE DOCENCIA-INVESTIGACION. Entidad
financiadora: ORGANISMO AUTONOMO DE PROGRAMAS EDUCATIVOS
EUROPEOQOS. Fecha de inicio y finalizacion: 18-05-2009 a 26-06-2009. Centro
e instituciéon donde disfrutdé la beca: UNIVERSIDADE TECNICA DE LISBOA
(LISBOA, PORTUGAL).

5. Tipo de beca o ayuda: PREDOCTORAL. Finalidad de la beca o ayuda: ESTANCIAS
BREVES DE BECARIOS DEL PROGRAMA NACIONAL DE FORMACION DE
PROFESORADO UNIVERSITARIO DEL MINISTERIO DE EDUCACION CON
OBJETIVOS DE INVESTIGACION. Entidad financiadora: MINISTERIO DE
EDUCACION. Fecha de inicio y finalizacion: 09-09-2009 a 22-12-2009. Centro
e institucion donde disfruté la beca: RESEACH INSTITUTE FOR SPORT AND
EXERCISE SCIENCE, LIVERPOOL JOHN MOORES UNIVERSITY (LIVERPOOL,
REINO UNIDO).
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ACTIVIDAD PROFESIONAL [PROFESSIONAL ACTIVITY]

1.

Actividad desarrollada: PREPARADOR FISICO DEL EQUIPO NACIONAL DE BMX.
Empresa o institucion: REAL FEDERACION ESPANOLA DE CICLISMO. Fecha de
inicio y finalizacion: 01-01-2005 A 01-03-2007.

. Actividad desarrollada: PREPARADOR FISICO DEL EQUIPO NACIONAL DE

MOUNTAIN BIKE. Empresa o institucion: REAL FEDERACION ESPANOLA DE
CICLISMO. Fecha de inicio y finalizacion: 01-01-2005 A 01-03-2007.

. Actividad  desarrollada: SELECCIONADOR NACIONAL ABSOLUTO DE

MOUNTAIN BIKE. Empresa o institucion: REAL FEDERACION ESPANOLA DE
CICLISMO. Fecha de inicio y finalizacion: 02-03-2007 A 31-12-2008 y 01-01-2010 —
Actualidad.

. Actividad desarrollada: COORDINADOR RESPONSABLE DEL PROGRAMA

NACIONAL DE TECNIFICACION DEPORTIVA DE LA REAL FEDERACION
ESPANOLA DE CICLISMO. Empresa o institucion: REAL FEDERACION
ESPANOLA DE CICLISMO. Fecha de inicio y finalizacion: 01-01-2009 - Actualidad.

. Actividad desarrollada: DIRECTOR TECNICO NACIONAL. Empresa o institucion:

REAL FEDERACION ESPANOLA DE CICLISMO. Fecha de inicio y finalizacion: 01-
01-2013 —Actualidad.
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