UNIVERSIDAD DE MURCIA

Departamento de Fisiologia

PERIODIZACION DEL ENTRENAMIENTO DE FUERZA
Y RESISTENCIA EN PIRAGUISTAS DE ALTO NIVEL

JESUS GARCIA PALLARES

Tesis Doctoral

DICIEMBRE DE 2009






UNIVERSIDAD DE MURCIA
AREA DE GESTION ACADEMICA
SECCION DE POSTGRADO
Fecha: 23-1I —zeoj UNIVERSIDAD DE
SALIDANS FY0 . MURCIA

D. JESUS GARCIA PALLARES

Vista la solicitud presentada por D. JESUS GARCIA PALLARES, con DNI
numero 77705726, sobre autorizaciéon para presentacion de tesis doctoral como
compendio de publicaciones con caracter previo a la tramitacion de la misma en la
Universidad de Murcia, le comunico que la Comision de General de Doctorado, vistos;

- El informe previo del Departamento de Fisiologia, responsable de Ia
autorizacién de la tesis doctoral en fase de elaboracién, de esta Universidad, y

- El visto bueno de la Comisibn de Ramas de Conocimiento de
Ciencias de la Salud,

resolvio, en su sesion de 20 de noviembre de 2009, ACCEDER a lo solicitado
por el interesado pudiendo, por lo tanto, presentar su tesis doctoral en la modalidad de
compendio de publicaciones.

Lo que en cumplimiento del articulo 58 de la vigente Ley 30/1992, de Régimen
Juridico de las Administraciones Publicas y del Procedimiento Administrativo Comdin,
de 26 de noviembre, se notifica a D. JESUS GARCIA PALLARES, significandole que
contra esta resolucion, que pone fin a la via administrativa, se podra interponer
potestativamente ante el mismo érgano que la ha dictado, recurso de reposicién, en el
plazo de un mes a contar desde el dia siguiente a su notificacion, de acuerdo con lo
dispuesto en el art. 116 de la citada Ley.

Si no hiciera uso del recurso de reposicién podra interponer recurso contencioso-
administrativo, en el plazo de dos meses desde |a notificacion de este acuerdo, en la
forma establecida en la Ley 29/1998, de 13 de julio, reguladora de dicha Jurisdiccion.

Murcia, 23 de noviembre de 2009
Vicerrectora de Estudios y
Presidenta de la Comision General de Doctorado

Area de Gestion Académica
Seccién de Postgrado






La tesis que aqui se presenta es un compendio de las tres publicaciones mas
relevantes del doctorando:

* Garcia-Pallarés J, Sanchez-Medina L, Carrasco L, Diaz A, I1zquierdo M (2009)
Endurance and neuromuscular changes in world-class level kayakers during a
periodized training cycle. European Journal of Applied Physiology 106, 629-
638

» Garcia-Pallarés J, Carrasco L, Diaz A, Sanchez-Medina L (2009) Post-season
detraining effects on physiological and performance parameters in top-level
kayakers: comparison of two recovery strategies. J Sports Sci and Med. In

Press

» Garcia-Pallarés J, Sanchez-Medina L, Pérez CE, lzquierdo-Gabarren M,
Izquierdo M (2010) Physiological effects of tapering and detraining in world-
class kayakers. Med Sci Sports Exerc. In Press

Con animo de conseguir una apariencia homogénea, las tres publicaciones se
presentan en el mismo formato en la version original en inglés asi como su
traduccién al castellano. En el apartado de anexos se han incluido las publicaciones

tal y como fueron editadas en la revista.






D. Mikel Izquierdo Redin, Jefe de la Unidad Técnica de Investigacion del
Centro de Estudios, Investigacion y Medicina del Deporte del Gobierno de Navarra,
AUTORIZA:

La presentacion de la Tesis Doctoral titulada “Periodizacién del entrenamiento
de fuerza y resistencia en piraglistas de alto nivel”, realizada por D. Jesus Garcia
Pallarés, bajo mi inmediata direccién y supervision, y que presenta en la modalidad
de compendio de publicaciones para la obtencion del grado de Doctor por la

Universidad de Murcia.

En Murcia, a 23 de noviembre de 2009.

Fdo. Mikel I1zquierdo Redin







D. Arturo Diaz Suéarez, Profesor Titular del Departamento de Actividad Fisica
y Deporte de la Universidad de Murcia, AUTORIZA:

La presentacion de la Tesis Doctoral titulada “Periodizacién del entrenamiento
de fuerza y resistencia en piraguistas de alto nivel”, realizada por D. Jesus Garcia
Pallarés, bajo mi inmediata direccidn y supervision, y que presenta en la modalidad
de compendio de publicaciones para la obtencion del grado de Doctor por la

Universidad de Murcia.

En Murcia, a 23 de noviembre de 2009.

Fdo. Arturo Diaz Suarez







A mis Padres, gracias por todo a lo que habéis renunciado por mi

Espero poder llegar a merecer algtn dia tanto esfuerzo, sacrificio y dedicacion






AGRADECIMIENTOS

El resultado deportivo suele ser lo Unico que queda en el recuerdo de la
mayoria, pero para los que hemos estado involucrados en este proyecto, este
documento creo que refleja la relevancia del proceso, la importancia del trabajo en
equipo, los grandes sacrificios que requiere el deporte de alto nivel, y lo mas

importante, la necesidad de crecerse ante la adversidad.

Muchas son las personas que han hecho posible alcanzar los éxitos
deportivos de este equipo, y muchas otras han colaborado enérgicamente para dejar
documentada esta experiencia; por ello quisiera citarlos a todos, ya que todos han

sido imprescindibles.

Miguel Garcia es sin duda el principal artifice de los triunfos de este grupo
humano. No se puede describir en estas lineas la inmensa calidad de su trabajo, la
completa dedicacion que ha tenido al proyecto y la fuerza de superacién que
demostré en las situaciones méas adversas. No creo que el Piraglismo espafiol
pueda nunca reconocer como se merece el enorme sacrificio que €l y su familia han

hecho por este deporte.

Igualmente es necesario reconocer la labor indispensable de otros
excepcionales profesionales que pelearon dia a dia por nuestra meta comun como

Ignacio Lopez Moranchel, Rodrigo Tiebo, Raquel Ortelano y José Seguin.

Asi mismo, destacar la labor y la dedicacion de mis dos directores de tesis
Mikel Izquierdo y Arturo Diaz, asi como la de mis amigos y estrechos colaboradores
Luis Carrasco Paez, Luis Sanchez Medina y Carlos Pérez Caballero. Todos ellos
han hecho posible publicar estos documentos y difundir como creo que se merece

esta experiencia.

Agradecer al Departamento de Fisiologia de la Universidad de Murcia, asi
como al tutor de esta tesis y decano de la Facultad de Medicina Dr. Joaquin Garcia-

Estafl Lopez su inestimable apoyo en la elaboracion de esta tesis por compendio.

Finalmente hacer una mencién especial a todos los palistas que han integrado

este equipo en los ultimos cuatro afos, ya que ellos han sido los verdaderos artistas:



Jaime Acufa, Pablo Bafios, Omar Calzén, Miguel F. Castafién, Diego Cosgaya,
Jovino G. Comesafia, Saul Craviotto, Alvaro F. Fiuza, Javier Hernanz, Emilio
Llamedo, Francisco Llera, Alvaro M. Pacheco, Manuel Mufioz, Julio Moreno, Carlos

Pérez Rial, Borja Prieto, Ekaitz Saies y Damian Vindel.



indice

INDICE

Abreviaturas

1. Justificacion del estudio

2. Resumen

2.1. Antecedentes

2.2. Hipdétesis

2.3.0Objetivos

2.4. Material y Métodos

2.5. Resultados

2.6. Conclusiones

2.7. Referencias

Anexo 1 — Publicaciones en version original | - 1l

Manuscript .- “Endurance and neuromuscular changes in world-

class level kayakers during a periodized training cycle”

Manuscript 1l.- “Post-season detraining effects on physiological
and performance parameters in top-level kayakers: comparison

of two recovery strategies”

15

Pag.

Pag.

Pag.

Pag.

Pag.

Pag.

Pag.

Pag.

Pag.

Pag.

Pag.

Pag.

19

23

25

27

27

29

33

35

39

43

45

71



Jesus Garcia Pallarés

Manuscript 111.- “Physiological effects of tapering and detraining
in world-class kayakers”

Anexo 2 - Publicaciones traducidas al castellano | - IlI

Articulo I.- “Cambios neuromusculares y de resistencia en
kayakistas de elite mundial durante un ciclo de entrenamiento

periodizado”

Articulo Il.- “Efectos del desentrenamiento sobre las variables
fisiologicas y de rendimiento en kayakistas de élite mundial:

comparacion entre dos estrategias de recuperacion”

Articulo lll.- “Efectos fisiol6gicos de la puesta a punto y el

desentrenamiento en kayakistas de elite mundial”

Anexo 3. Publicaciones originales.

European Journal of Applied Physiology

Journal of Sports Science and Medicine

Anexo 4. Informacion de las revistas

Anexo 5. Autorizaciones

16

Pag.

Pag.

Pag.

Pag.

Pag.

Pag.

Pag.

Pag.

Pag.

Pag.

113

115

143

165

187

189

203

209

217



Abreviaturas

ABREVIATURAS

[La]pico: Concentracion de acido lactico pico tras concluir el test incremental
maximo en kayak ergébmetro

1RM: Una repeticion maxima

CE: Parada del entrenamiento

DR: Dorsal en remo

DTR: Desentrenamiento

F1: 12 fase del ciclo de 12 semanas de entrenamiento periodizado
F2: 22 fase del ciclo de 12 semanas de entrenamiento periodizado
F3: 32 fase del ciclo de 12 semanas de entrenamiento periodizado
FC: Frecuencia cardiaca

FCmax: Frecuencia cardiaca en el consumo maximo de oxigeno
FCyr2: Frecuencia cardiaca en el segundo umbral ventilatorio

FP: Frecuencia de paleo

FPmax: Frecuencia de paleo en el consumo maximo de oxigeno
FPyT2: Frecuencia de paleo en el segundo umbral ventilatorio

ISAK: International Society for the Advancement of Kineanthropometry
PB: Ejercicio de pectoral en banca

Pw: Potencia mecéanica

PWmax: Potencia mecanica en el consumo maximo de oxigeno

Pwyrz: Potencia mecéanica en el segundo umbral ventilatorio

RE: Reduccién de entrenamiento

Sum: Sumatorio

TO-T6: Enumeracion de cada uno de las baterias de test llevados a cabo

durante el estudio
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TAP:
V59
Vimax:
VOomax:
VO,VT2:
VT2:

VT2(%VOmay):

Vyr2:

Z1:

Z2:

Z3:

Fase de puesta a punto o afinamiento.

Velocidad media de la fase concéntrica con el 45% del 1RM
Velocidad aerdbica maxima

Consumo méximo de oxigeno

Consumo de oxigeno en el segundo umbral ventilatorio
Segundo umbral ventilatorio

Porcentaje de consumo de oxigeno en el segundo umbral

ventilatorio
Velocidad de desplazamiento en el segundo umbral ventilatorio

Zona de entrenamiento de la resistencia de baja intensidad, por debajo del
VT2.

Zona de entrenamiento de la resistencia de media intensidad, entre VT2 y

Zona de entrenamiento de la resistencia de alta intensidad, por encima del
VOZmax-
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Justificacion del estudio

1. JUSTIFICACION DEL ESTUDIO

Numerosas investigaciones se han centrado en las Ultimas cuatro décadas en
incrementar el conocimiento sobre todos los procesos biologicos que tienen lugar de
forma aislada en la practica deportiva de alto nivel. No obstante, muy pocas
investigaciones llevadas a cabo con el rigor cientifico adecuado han estudiado los
efectos que la interconexion de los diferentes estimulos de entrenamiento, su
periodizacion y su organizacion tienen sobre el rendimiento fisico de deportistas de
élite.

Concretamente, en la especialidad del piragliismo, diferentes lineas de trabajo
han centrado sus esfuerzos en el estudio descriptivo y trasversal en palistas de
medio y alto nivel, aportando de esta forma conocimiento cientifico de base, pero
realmente con poca aplicabilidad para los técnicos responsables de los diferentes
equipos Yy clubes. Muy pocos investigadores han podido tener acceso a piraguistas
de élite para realizar estudios longitudinales, conocer la respuesta del organismo y la
evolucion del rendimiento de forma descriptiva, pero también con intervencion y

manipulacion de los procesos de entrenamiento.

Una tesis por compendio, no solo es valida para alcanzar el grado de doctor,
sino que simultaneamente, la publicacion de estos articulos en revistas de
reconocido prestigio y especializadas en la fisiologia del esfuerzo, garantizan una
adecuada difusion de los resultados y conclusiones mas importantes de esta

investigacion.
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Resumen

2.- RESUMEN

2.1.- Antecedentes

La manipulacion de las variables que definen el programa de entrenamiento
(intensidad, orientacién, frecuencia y volumen de entrenamiento), con objeto de
maximizar las adaptaciones fisiologicas del deportista es una estrategia
comunmente aceptada por los entrenadores y cientificos del deporte. Esta
periodizacion del entrenamiento se hace especialmente importante en aquellos
deportes donde es necesario el desarrollo simultaneo de fuerza y resistencia para
optimizar el rendimiento deportivo. Debido a que el entrenamiento de fuerza y
resistencia produce distintos, e incluso a menudo opuestos, mecanismos adaptativos
(Nader 2006; Sale y cols. 1990), el desarrollo combinado de ambos componentes en
el mismo régimen de entrenamiento puede desencadenar en un conflicto de
adaptaciones neuromusculares. Este fendmeno de interferencia fue descrito en un
primer momento por Hickson (1980), quién observé conflictos en las adaptaciones
de la fuerza cuando la resistencia y la fuerza se desarrollaban de forma combinada.
Sin embargo, los resultados de investigaciones posteriores han sido dispares, con
estudios cuyos resultados concuerdan con las aportaciones de Hickson (Bell y cols.
2000; Craig y cols. 1991; Dudley y Djamil 1985; Hennessy y Watson 1994; Kraemer
y cols. 1995) y otros que los cuestionan (Hakkinen y cols. 2003; Hunter y cols. 1987;
McCarthy y cols. 1995, 2002; Sale y cols. 1990). Otras investigaciones han
propuesto diferentes mecanismos y estrategias de entrenamiento que parecen
minimizar los conflictos en las adaptaciones de fuerza y resistencia cuando ambas
capacidades se desarrollan simultaneamente, como son la periodizacion del
entrenamiento (Fleck 1999; Willoughby 1993) y el control de la frecuencia de
entrenamiento (Hunter y cols. 1987; Kraemer y cols. 1995).

Igualmente, llevar a cabo una fase de puesta a punto para optimizar el
rendimiento de los deportistas antes de los objetivos prioritarios de competicion es
una estrategia generalmente aceptada por entrenadores e investigadores. Esta fase
se caracteriza por una marcada reduccion del volumen de entrenamiento mientras
gue la intensidad se mantiene elevada (Gibala y cols. 1994; Izquierdo y cols. 2007,
Mujika y Padilla 2000a; Mujika y Padilla 2003; Mujika y cols. 2004). La mayoria de

estas investigaciones han relacionado los aumentos del rendimiento de los
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deportistas con una mejora de los procesos de recuperacion durante estas fases
(Gibala y cols. 1994; Mujika y Padilla 2003; Mujika y col. 2004).

Una vez concluidas estas fases de optimizacion del rendimiento, la
periodizacion del entrenamiento en el deporte de alto nivel hace hincapié en la
necesidad de incorporar en el programa periodos de regeneracion tras la conclusion
de los eventos principales de la temporada. El objetivo de estas fases es permitir
una completa recuperacion fisica y mental del deportista antes de comenzar un
nuevo ciclo de entrenamiento. Histéricamente la cesion completa de entrenamiento
ha sido la estrategia escogida por los entrenadores para llevar a cabo esos periodos
de transicidbn entre temporadas. No obstante, numerosas investigaciones han
registrado graves descensos del rendimiento en deportistas bien entrenados tras
estos periodos de ausencia de estimulos de entrenamiento (Hakkinen y cols. 1981;
Hakkinen y cols. 1985; Hortobagyi y cols. 1993; Houmard y cols. 1993; Izquierdo y
cols. 2007; Mujika y Padilla 2001). Con animo de reducir los efectos negativos que la
ausencia de estimulos de entrenamiento parecen tener sobre el rendmiento
deportivo, se han propuesto estrategias de reduccion de entrenamiento; periodos
durante los cuales el volumen y/o la intensidad se reducen significativamente, como
alternativa a la cesién completa del entrenamiento especialmente en deportistas de
alto nivel (Mujika y Padilla 2000a, 2000b; Neufer 1989; Neufer y cols. 1987). No
obstante, existe escasez de informacion sobre los efectos que tienen estas fases de
cesion y reduccion de entrenamiento sobre los parametros fisioldégicos y de
rendimiento deportivo en deportistas de alto nivel.

Por todo ello, esta investigacion se llevo a cabo para analizar los cambios en
las variables cardiorrespiratorias, neuromusculares, hormonales, de composicion
corporal y especificas de rendimiento de un grupo de kayakistas de élite mundial,
durante una temporada completa de entrenamiento periodizado. Se estudiaron las
adaptaciones producidas por el entrenamiento concurrente de fuerza y resistencia,
los efectos que las fases de puesta a punto tienen sobre el éxito en competicion, asi
como Yy los consecuencias que las estrategias de cesion total o reduccion parcial del

entrenamiento producen en el rendimiento de estos deportistas de alto nivel.
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2.2.- Hipdtesis

El entrenamiento concurrente de fuerza y resistencia en deportistas de alto

nivel produce conflictos en las adaptaciones de ambas capacidades.

Las fases de puesta a punto permiten a los deportistas de alto nivel aumentar
el rendimiento de las capacidades fisicas relacionadas con el éxito en

competicion.

Durante las fases de transicion entre temporadas, la cesion total de
entrenamiento produce importantes descensos del rendimiento fisico en

deportistas de alto nivel.

La estrategia de reduccion de entrenamiento permite amortiguar parte de los
descensos del rendimiento que se producen con la cesion total de

entrenamiento durante las fases de transicion entre temporadas.

2.3.- Objetivos

Objetivo general

Estudiar la evolucibn de los diferentes parametros condicionantes del

rendimiento en piraglistas de élite durante una temporada completa de

entrenamiento periodizado.

Objetivos especificos

Determinar la evolucion del consumo maximo de oxigeno (VOzmax), Umbral
Ventilatorio 2 (VT2), porcentaje del consumo de oxigeno en VT2 respecto al
VOomax (VT2(%VO2max)), frecuencia cardiaca en VOzmax (FCmax) Y €n VT2
(FCvt2), como principales parametros cardiorrespiratorios determinantes del
rendimiento en piraguistas de alto nivel a lo largo de las diferentes fases de

entrenamiento, competicién y recuperacion.
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» Establecer, tras las diferentes fases de entrenamiento, puesta a punto y
desentrenamiento, el grado de variacion experimentado por los parametros
técnicos y de rendimiento especificos en piragiismo, como son la velocidad
aerébica maxima (Vmax), la velocidad correspondiente al VT2 (Vy12), la
frecuencia de paleo en VOzmax (FPmax) Y €n VT2 (FPyt2), asi como la potencia

mecanica de paleo en VOomax (PWmax) Y €n VT2 (Pwyto).

* Analizar la incidencia de las diferentes fases de entrenamiento sobre la fuerza
dindmica maxima y la potencia mecanica en los ejercicios de entrenamiento

de fuerza més especificos para el piraguista.

* Determinar el volumen, intensidad, orientacion y acumulacion de carga
requeridos para la mejora de las variables cardiorrespiratorias (VOzmax Y VT2)
y neuromusculares (fuerza dinamica maxima y potencia) condicionantes del

éxito en competicion en palistas de élite mundial.

» Detectar las interferencias que se generan el entrenamiento concurrente de
fuerza y resistencia en piraguistas de alto nivel, asi como establecer posibles
mecanismos de intervencion para disminuir estos conflictos en las

adaptaciones.

» Definir los efectos que, sobre la composicidn corporal de piraguistas de alto
nivel, y mas en concreto, en parametros como la masa corporal, el sumatorio
de pliegues y la masa libre de grasa, conlleva la realizacién de una temporada

completa de entrenamientos, competicion y recuperacion.

» Conocer las diferencias producidas en el rendimiento de palistas de alto nivel
en funcidn de la estrategia de recuperacion escogida para el periodo de
transicion entre temporadas (cesion total o reduccion parcial de

entrenamiento).
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2.4.- Material y Métodos
Muestra

Dieciocho kayakistas varones de alto nivel (incluidos 16 finalistas en Campeonatos
del Mundo y dos Campeones Olimpicos) tomaron parte de forma voluntaria en este
estudio. Las caracteristicas de los sujetos fueron (media + desviacion estandar o
DE): edad 24.4 £ 2.0 afios; talla 1.81 = 0.05 m; masa corporal 83.5 + 5.1 Kg;
experiencia en el entrenamiento 10.3 + 2.0 afios, una repeticion maxima (1RM) en
press banca 136.8 £ 8.6 kg; 1RM en dorsal remo 130.9 + 7.0 kg, VO2max 64.8 = 3.3
mL-kg™® - min™, volumen de paleo anual 4385 + 369 km. Este estudio, que cumpli6
con la Declaracién de Helsinki, fue aprobado por el Comité de Bioética de la
Universidad de Sevilla, y para el cual se obtuvo un consentimiento informado de los

deportistas antes de comenzar la investigacion.

Disefio general del estudio

Se realizé un seguimiento exhaustivo de la evolucion de las diferentes
variables que condicionan el éxito en piraglismo de alto nivel durante una
temporada completa (43 semanas) de entrenamiento concurrente de fuerza y
resistencia, a lo largo de una fase de 4 semanas de puesta a punto (TAP), asi como
durante una fase de desentrenamiento (DTR) de 5 semanas en la que mitad de los
palistas cesaron totalmente los estimulos de entrenamiento (CE) y la otra mitad
realizaron Unicamente una sesién de entrenamiento de fuerza y dos de resistencia

semanales (RE).

A lo largo de esas 53 semanas los palistas repitieron periddicamente una
bateria de test, distribuidos de forma estratégica en el programa de entrenamiento
(Figura 1), que permitié conocer la evolucion de los parametros condicionantes del
rendimiento (variables independientes). Igualmente se registr6 en todo momento la
cuantificacion de todos los estimulos de entrenamiento (variable dependiente),
diferenciando volumen, intensidad y orientacion de cada estimulo propuesto de

forma individual a cada sujeto experimental.
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43 semanas de entrenamiento concurrente de fuerza y resistencia 4 semanas 5 semanas
. - Puesta a Desentrenamiento
o
1° Ciclo Periodizado 12 semanas Punto (DTR)
Fase 1 Fase 2 Fase 3 (TAP) CEOoRE
TO T1 T2 T3 T4 T5

Figura 1. Disefio general del estudio.

Programa de entrenamiento

Desde la semana 1 hasta la semana 43 los palistas tomaron parte en un programa
de entrenamiento concurrente de fuerza y resistencia, bajo la supervision de
entrenadores profesionales con varios afios de experiencia en el entrenamiento de
piraguistas. El entrenamiento de fuerza se estructuré en cuatro ciclos periodizados
de 10-12 semanas, durante los cuales se completaron secuencialmente tres fases
diferentes de entrenamiento de fuerza: hipertrofia (8-10 repeticiones, 4-5 series, 70-
75% del 1RM, 2 minutos de recuperacién entre series); fuerza maxima (3-4
repeticiones, 3-4 series, 85-90% del 1RM, 4 minutos de recuperacion entre series); y
potencia maxima (5-8 repeticiones, 4-5 series, 45-60% del 1RM, 4 minutos de
recuperacion entre series). Se emplearon 5 ejercicios principales: press banca (PB),
dorsal remo (DR), press de hombros, dominadas y sentadilla. Se evitd alcanzar la
repeticion del fallo en todas las series de entrenamiento de hipertrofia y fuerza
maxima, y se motivd constantemente a los palistas para que realizasen la fase
conceéntrica de cada repeticion a la maxima velocidad voluntaria. En las sesiones de
entrenamiento de potencia maxima, cada serie se dio por concluida cuando la
velocidad media descendia por debajo del 10% de la mejor repeticion (la repeticién
con la fase concéntrica mas rapida). El volumen total de entrenamiento durante las
primeras 43 semanas ascendié a: 37.8 + 2.6 h, 42 + 3 sesiones, 840 + 60 series y
7,560 £ 540 repeticiones de entrenamiento de hipertrofia; 41.8 £ 3.3 h, 38 £ 3
sesiones, 608 * 48 series y 2,492 + 197 repeticiones de entrenamiento de fuerza
maxima; y 30.0 £ 1.1 h, 30 £ 2 sesiones, 450 + 30 series y 2,475 + 165 repeticiones
de entrenamiento de maxima potencia. El entrenamiento de resistencia se estructuré
en 3 ciclos de 11-22 semanas de duracion. El volumen total de entrenamiento de

resistencia que realizaron los palistas ascendié6 a 249.2+ 13.2 h de paleo a la
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velocidad correspondiente al 75-90% del VOzmax, 35.7 £ 2.2 h entre el 90-105% del
VOzmax, ¥ 7.1 £ 0.6 h por encima del 105% VOnax. LOS atletas completaron entre 60-

130 km (10-15 sesiones) a la semana.

La fase de TAP consistié en 4 semanas caracterizadas por un aumento de la
intensidad de entrenamiento y un descenso progresivo del volumen. Durante esta
fase los palistas completaron dos sesiones de entrenamiento de fuerza semanales:
a) una sesion de fuerza maxima 90-95% 1RM (3-4RM), 2-4 repeticiones por serie, y
2-3 series por ejercicio; b) una sesion de potencia maxima con el 45% (PB, DR) o el
60% 1RM (sentadilla), 5-8 repeticiones y 3-4 series. Durante esta fase de TAP, los
palistas realizaron Unicamente los ejercicios de PB, DR y sentadilla. El tiempo total
de entrenamiento de fuerza fue 2.6 £ 0.3 h, 34 £ 2 series y 108 + 4 repeticiones de
fuerza maxima; y 2.4 £ 0.2 h, 38 + 5 series y 198 = 34 repeticiones de potencia
maxima. Ademas, los palistas completaron 5-10 sesiones de paleo semanales,
durante las cuales se priorizd el entrenamiento de alta intensidad, mientras el
volumen de entrenamiento se reducia progresivamente hasta un 50% del volumen
habitual de entrenamiento. El volumen total de entrenamiento durante la fase de
TAP ascendi6 a 14.3 £ 0.6 h de paleo a la velocidad correspondiente al 75-90%
VOomax, 4.2 £ 0.1 h entre el 90-105% VOomax ¥ 1.5 £ 0.3 horas por encima 105%

VO2max. Ademas los palistas realizaron tres dias de competicion al final de esta fase.

Finalmente, durante la fase de DTR, el grupo de CE detuvo completamente
cualquier tipo de entrenamiento fisico durante las siguientes 5 semanas, mientras
que el grupo de RE realizdé Unicamente una sesion de entrenamiento de fuerza y dos
sesiones de entrenamiento de resistencia a la semana. Durante este periodo no
hubo control sobre la dieta de los deportistas. Las sesiones de entrenamiento de
fuerza llevadas a cabo por el grupo de RE estaban compuestas por 3 series de 10
repeticiones con el 70-75% del 1RM de cada palista (10-12RM) en los ejercicios de
PB, DR y sentadilla, respetando 3-min de recuperacion entre series. El volumen de
entrenamiento de resistencia consistido en 40 minutos de paleo y carrera a intensidad
moderada (~80% VO2max). En los cuatro dias restantes no se realizé ningun tipo de

entrenamiento fisico.
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Programa de valoraciones

Cada bateria de test estuvo compuesta por un conjunto de valoraciones de la
condicion fisica, que permitieron conocer la evolucién del proceso de entrenamiento

de forma individual. Los test mas representativos fueron:

Test incremental maximal en kayak ergbmetro

Tras 5 minutos de calentamiento a una velocidad de 9 km-h?, los sujetos
completaron un test incremental de paleo hasta el agotamiento en un kayak-
ergometro (Dansprint ApS, Denmark). El primer escalon del test se completo a 11.5
km-h?, y la velocidad se incrementé 0.5 km-h™* cada minuto. Cada sujeto adapté
libremente la frecuencia de paleo a sus necesidades. Se alenté a los palistas a
realizar el maximo esfuerzo voluntario y completar el mayor niumero posible de
escalones del test. Se realizO un analisis de gases respiracion a respiracion
empleando para ello un analizador de gases Jaeger Oxycon Pro system (Erich
Jaeger, Germany). Una vez concluido el test se establecieron las principales
variables cardiorrespiratorias (VOzmax, VO2 en VT2, VT2(%VO2max), FCmax, FCv2),
metabdlicas ([Lalpco) asi como las principales variables relacionadas con el

rendimiento en piraglismo (Vmax, Vvt2, PWmax Y PWyT2, asi como la FPnax Y FPyT2).

Composicion corporal

Las medidas antropométricas practicadas fueron: talla, masa corporal, pliegues
cutaneos (triceps, subescapular, suprailiaco, abdominal, muslo anterior, pierna
medial, supraespinal y biceps braquial). Todas ellas fueron tomadas por el mismo
investigador experimentado, de acuerdo con las directrices de la International
Society for the Advancement of Kineanthropometry (ISAK). El porcentaje graso y la

masa libre de grasa se estimaron empleando la formula de Carter y Yuhasz de 1984.

Valoraciéon de la fuerza dindmica méxima y la velocidad ante cargas de

maxima potencia

Se determind el valor de una repeticion maxima (1RM) en los ejercicios de press
banca y dorsal remo en peso libre. Estos ejercicios fueron elegidos ya que son los
mas empleados en los entrenamientos de fuerza de piraguistas, a la vez que son
Utiles para valorar la fuerza y potencia de acciones musculares opuestas del tren
superior (empuje y traccion). La carga mas pesada que cada sujeto pudo levantar,

sin ningun tipo de ayuda externa, fue considerada su 1RM. El dia siguiente se
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evalué en ambos ejercicios la velocidad media de la fase concéntrica con el 45% del
1RM (V4s9) establecido previamente. Esta carga fue escogida deliberadamente ya
que coincide con la resistencia que maximiza la potencia mecanica media para
ejercicios del tren superior. Lo palistas realizaron 2 series de 3 repeticiones con el
45% del 1RM, respetando 5 minutos de pausa entre series. La velocidad media de la
fase concéntrica fue medida por un trasductor lineal de posicion (MuscleLab,
Ergotest Technology, Oslo, Norway). La V450, Se definio como la velocidad media de

las tres mejores repeticiones de cada sujeto.

Analisis de sangre

Se tomaron muestras de sangre venosa (10 mL) de la vena antecubital empleando
para ello vacutainers y agujas estériles. Todas las muestras fueron obtenidas a la
misma hora del dia en todos los sujetos (8-9 h) tras 12 horas de ayuno nocturno y un
dia completo de recuperacién previo. La muestras de sangre se recogieron en tubos
con EDTA, centrifugadas a 800 g durante 10 min a 4°C, y el plasma se almaceno a -
80°C hasta que se analizaron por duplicado la testosterona total (T) y el cortisol (C)
por radioinmunoanalisis (1251 RIA kits, DiaSorin, MN, USA).

2.5.- Resultados
Cambios en las variables cardiorrespiratorias y especificas del rendimiento

El VO,max aumento significativamente (P < 0.05) un 9.5% y un 10.5% durante las
primeras 12 y 43 semanas de entrenamiento periodizado respectivamente. Tras la
fase DTR, se observaron descensos significativamente mayores para el grupo de CE
(-11.3%, de 69.1 a 61.3 mL-kg*-min™, P < 0.05) comparado con el grupo de RE (-
5.6%, de 68.5 a 64.6 mL-kg'-min®, n.s.). Por su parte los niveles de VO,VT2 se
incrementaron significativamente (P < 0.05) un 8.4% y un 11.5% durante las
primeras 12 y 43 semanas de entrenamiento periodizado respectivamente. Tras la
fase de DTR el VO,VT2 descendi6 en el grupo de CE (-8,8%, P < 0.01) y en el de
RE (-5.7%, P < 0.05). La FCyt2 aument6 en el grupo de CE durante la fase de DTR
(3.5%, P < 0.05), alcanzando valores significativamente mayores (P < 0.05) de esta
variable que el grupo RE al final del periodo de desentrenamiento. No se obervaron

cambios significativos en el FCnay, Ni en [Lalpico @ l0 largo del estudio.
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La Vmax aumento significativamente durante las primeras 12 y 43 semanas de
entrenamiento un 6.2% y un 8.4% respectivamente. Por su parte, la Vyt2, aumento un
4.0% durante las primeras 12 semanas, hasta alcanzar un aumento de 6.1% al
finalizar las 43 semanas de entrenamiento periodizado. Durante la fase de DTR, la
Vyt2 descencid tanto en el grupo de CE (-5.0%) como en el de RE (-4.2%) (P <
0.05), mientras que la Vmax descendié de forma significativa Unicamente en el grupo
de CE (-3.3%, P < 0.05). La frecuencia de paleo en VOzmax Y VT2 se mostro estable
durante las 43 semanas del programa de entrenamiento, aunque experimenté
incrementos significativos en el grupo de CE (5.2% y 4.9%, P < 0.05,
respectivamente) durante la fase de DTR. Tras las 5 semanas de desentreamiento,
la Pwnax descendio significativamente en ambos grupos (-7.9% y -3.9%, P < 0.05, en
los grupos de CE y RE respectivamente), registrando valores significativamente
superiores en el grupo de RE al finalizar esta fase DTR. La magnitud de los
descensos en la Pwyrt, (-11%, P < 0.05) fue idéntica en ambos grupos durante la
fase de DTR.

Cambios de fuerza y potencia

Durante el primer ciclo de entrenamiento de 12 semanas los valores de 1RM
experimentaron aumentos de un 4.8 y 5.5% en PB y DR respectivamente. Por su
parte la Vs registré aumentos de mayor magnitud, alcanzando incrementos del
14,4% y 10% en PB y DR respectivamente durante este mismo periodo de tiempo.
Hacia el final de las primeras 43 semanas de entrenamiento periodizado se
detectaron aumentos significativos (P < 0.05) en el 1RM (8.5% y 11.0%) y en la V4sy
(13.7% y 9%) en los ejercicios de PB y DR respectivamente. No hubo cambios en
ninguna de las dos variables neuromusculares estudiadas (1RM y Vs¢,) durante la
fase de puesta a punto (TAP). Tras la fase de DTR, se observaron descensos
significativamente mayores en el 1RM del grupo de CE (-8.9% y -7.8%, P < 0.05,
para el PB y DR respectivamente) que el grupo de RE (-3.9% y -3.4%, n.s.). Los
descensos en el V450, €n los ejercicios de PB y DR fueron mayores en el grupo de
CE (-12.6% vy -10.0%, respectivamente) que los observados par el grupo de RE (-
9.0% y -6.7%). No se detectaron diferencias significativas entre grupos (CE y RE) en

la magnitud de los cambios en la Vsg.
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Composicion corporal

No se observaron cambios en el sumatorio de 8 pliegues tras el primer ciclo de
entrenamiento de 12 semanas, aunque el sumatorio de 8 pliegues experimentd una
caida del -18.4% tras las 43 semanas de entrenamiento periodizado. Al finalizar la
fase de TAP se detectaron descensos no significativos en el sumatorio de 8 pliegues
en el grupo de CE (-4.9%) y de RE (-5.3%). Finalmente, durante la fase de DTR se
detectaron incrementos significativos (P < 0.05) en el sumatorio de 8 pliegues para el
grupo de CE (22.8%) y de RE (23.2%). Durante la fase de DTR, la masa libre de
grasa registrd descensos significativamente mayores para el grupo de CE (-3%, P <
0.05) comparado con el de RT (-0.1%, n.s). La masa corporal no mostré cambios

significativos en ningin momento de la investigacion.

Concentracion hormonal basal

Durante la fase de DTR se detectaron descensos similares (-30%, P < 0.01) en los
niveles de cortisol en ambos grupos (CE y RE). Los niveles de testosterona
incremenaron de forma similar en los dos grupos (CE y RE), aunque no fueron
cambios significativos. El ratio T:C aumentd (P < 0.01) en el grupo de CE (62.5%) y
en el de RE (67.6%), hallandose valores significativamente mayores en el grupo de

RE que el grupo de CE al finalizar la fase de desentrenamiento (P < 0.05).

2.6.- Conclusiones

Los principales hallazgos de esta investigacion pueden resumirse de forma

esquematica en:

e Un ciclo de 12 semanas de entrenamiento periodizado fue efectivo para
producir adaptaciones positivas tanto en las variables de fuerza como en las de
resistencia, mostrando que es posible llevar a cabo un desarrollo simultaneo de
estas capacidades en relativamente cortos periodos de tiempo y en sujetos
altamente entrenados. Las principales decisiones estratégicas aplicadas al programa
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de entrenamiento concurrente que parecen haber tenido incidencia positiva en el

rendimiento de los deportistas fueron:

o Priorizar el desarrollo de unos componentes especificos del rendimiento fisico
en fases independientes (hipertrofia muscular y VT2 en Fase A; fuerza
méxima y potencia aerObica en Fase B). Esta secuenciacion selectiva
parece optimizar la efectividad del programa y maximizar las mejoras de

rendimiento en las variables cardiorrespiratorias y neuromusculares.

o Evitar deliberadamente la combinacion del entrenamiento de hipertrofia
muscular y el de potencia aerodbica, ya que se ha comprobado que ambos
métodos de entrenamiento producen prioritariamente adaptaciones
fisioloégicas opuestas a nivel periférico, e impiden al organismo un desarrollo

optimo y simultdneo de ambos componentes del rendimiento.

o Evitar alcanzar la repeticion del fallo en cada serie de entrenamiento y
focalizar la atencion para realizar cada repeticion a la maxima velocidad
concéntrica posible. Ambas estrategias permitiran maximizar las
adaptaciones en el componente neural de la fuerza, asi como evitar inducir
excesiva fatiga o estrés metabdlico y mecanico en el deportista que pudiera
tener una influencia negativa en la calidad de las sesiones posteriores de

entrenamiento.

o Detener el numero de repeticiones por serie en el entrenamiento de potencia
cuando la velocidad media de la repeticibn descienda un 10% de la
velocidad registrada para la repeticion mas rapida en cada serie. Esto
garantiza alcanzar altos valores de potencia en unas pocas repeticiones por
serie, asi como facilitar que cada una de ellas se realice en ausencia o con

minima fatiga neuromuscular.

o Limitar la frecuencia de entrenamiento de fuerza (3 sesiones semanales) ya
gue una recuperacion insuficiente entre sesiones de entrenamiento pueden
limitar las adaptaciones simultaneas de fuerza y resistencia. La fatiga
residual de una sesidn de resistencia aerdbica previa produciria una
disminucién de la calidad del entrenamiento en la sesién posterior de fuerza,

comprometiendo la capacidad del sistema neuromuscular para producir
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fuerza y/o forzando a reducir el volumen absoluto de entrenamiento de

fuerza que pueda ser realizado en tales condiciones.

o Programar las sesiones de fuerza antes de las sesiones de resistencia o,
cuando no fuese posible, separar ambas sesiones de entrenamiento al
menos 6-8 horas para permitir una adecuada reposicién del glucégeno

muscular.

» Alcanzar mejoras significativas del VT2 y el VO,max €n deportistas de élite en
cortos periodos de entrenamiento (5 semanas), requiri6 una acumulaciéon de carga
sobre la zona especifica de entrenamiento superior al 50%. Igualmente parece
necesario realizar una acumulacion de carga superior al 35% para garantizar el
mantenimiento de los niveles de VT2 en aquellas fases donde no se desarrolle como
objetivo prioritario. Los niveles de fuerza dindamica maxima y la velocidad ante
cargas de maxima potencia registraron aumentos de su rendimiento con una
concentracion de carga de entrenamiento de fuerza sobre estos objetivos superior al
80%, mientras que una acumulacion de carga del 20% no permiti6 mantener las
adaptaciones de fuerza dindmica maxima cuando no se estableci6 como objetivo

prioritario de la fase.

* Los resultados obtenidos en la fuerza dindmica maxima, unidos a los
elevados valores de VOomax ¥ VO,VT2 hallados en este estudio confirman los
grandes requerimientos de potencia aerObica y de fuerza en las pruebas de

piraglismo incluidas en el programa olimpico.

e Cortos periodos de cesion de entrenamiento produjeron mayores descensos
de la fuerza y potencia muscular en sujetos de alto nivel con gran experiencia en el
entrenamiento de fuerza y resistencia, comparado con la estrategia de reduccion de
entrenamiento (una sesion de entrenamiento de fuerza y dos de resistencia
semanales). Ademas, la potencia muscular parece ser especialmente susceptible a
los periodos de desentrenamiento en deportistas de alto nivel, produciendo pérdidas
con mayor celeridad que sobre la fuerza maxima. Estos resultados pueden sugerir la
necesidad de incorporar programas de reduccién de entrenamiento para evitar
excesivas peérdidas en el rendimiento neuromuscular en las fases de recuperacion

mayores de 2-3 semanas.
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* lgualmente, estas fases de reduccidbn de entrenamiento paraecen ser
efectivas para atenuar los adversos efectos del desentrenamiento obervados tras la
cesién completa de entrenamiento en las variables fisiolégicas y especificas de
rendmiento en piraguismo como el VOzmax, FCv12, FPmaxs FPvT2, Vimax, PWmax, ¥ 12

PwyT2 en palistas de élite mundial.

e Ambas estrategias de recuperacién, especialmente la reduccién de
entrenamiento, parecen facilitar los procesos anabdlicos y regenerativos del
organismo de cara al comienzo de una nueva temporada de entrenamiento y

competicion.

® La composicién corporal de los piraglistas de élite presenta fluctuaciones
importantes durante las diferentes fases de entrenamiento, competicion vy
recuperacion. Resulta destacable que la masa corporal no parece sufrir cambios
significativos a lo largo de la temporada, y que son los componentes de masa grasa
y masa libre de grasa las que presentan importantes variaciones en funcion de la

carga global y la orientacion del entrenamiento.
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Abstract

This study was undertaken to analyze changes in selected cardiovascular and
neuromuscular variables in a group of elite kayakers across a 12-week periodized
cycle of combined strength and endurance training. Eleven world-class level paddlers
underwent a battery of tests, and were assessed four times during the training cycle
(TO, T1, T2, T3). On each occasion subjects completed an incremental test to
exhaustion on the kayak ergometer to determine maximal oxygen uptake (VO2max),
second ventilatory threshold (VT2), peak blood lactate, paddling speed at VOgmax
(PSmax) and at VT2 (PSyr2), stroke rate at VOzmax and at VT2, heart rate at VOomax
and at VT2. One-repetition maximum (1RM) and mean velocity with 45% 1RM load
(Vas9) Were assessed in the bench press (BP) and prone bench pull (PBP) exercises.
Anthropometric measurements (skinfold thicknesses and muscle girths) were also
obtained. Training volume and exercise intensity were quantified for each of three
training phases (P1, P2, P3). Significant improvements in VO2max (9.5%), VO, at VT2
(9.4%), PSmax (6.2%), PSyr2 (4.4%), 1RM in BP (4.2%) and PBP (5.3%), Vasy in BP
(14.4%) and PBP (10.0%) were observed from TO to T3. A 12-week periodized
strength and endurance programme with special emphasis on prioritizing the
sequential development of specific physical fithess components in each training
phase (i.e. muscle hypertrophy and VT2 in P1, and maximal strength and aerobic
power in P2) seems effective for improving both cardiovascular and neuromuscular

markers of highly trained top-level athletes.

Keywords Concurrent training; resistance training; endurance performance;

canoeing; exercise testing; periodization.
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Introduction

It is generally accepted by coaches and sport scientists that to maximize
physiological adaptations and to avoid overtraining, proper handling of training
programme variables, including the intensity, frequency and volume of exercise, is
required. This is especially important in sports where both endurance and strength
need to be simultaneously enhanced to optimize performance (e.g. kayaking).
Because strength and endurance training elicit distinct and often divergent adaptive
mechanisms (Nader 2006; Sale et al. 1990a), the concurrent development of both
fithess components in the same training regime can lead to conflicting neuromuscular

adaptations.

This potential conflict has been referred to as an ‘interference phenomenon’
and it was first described by Hickson (1980), who observed compromised strength
development when strength and endurance training were applied concurrently.
However, results of subsequent research have been equivocal, with studies both
supporting (Bell et al. 2000; Craig et al. 1991; Dudley and Djamil 1985; Hennesy and
Watson 1994; Kraemer et al. 1995) and questioning (Hakkinen et al. 2003; Hunter et
al. 1987; McCarthy et al. 1995, 2002; Sale et al. 1990a) the universal nature of such
interference. Several factors such as initial training status of the subjects, exercise
mode, volume, intensity and frequency of training, scheduling of sessions, and
dependent variable selection may influence the level of interference and explain the
contradictory results of these studies (Docherty and Sporer 2000; Leveritt et al. 1999;
Sale et al. 1990a). A detailed examination of the existing research on this topic
seems to indicate that the volume, especially the frequency of training, may play a
critical role in the adaptations consequent to concurrent training (Hakkinen et al.
2003; Izquierdo et al. 2005; McCarthy et al. 2002).

For example, most of the studies have reported concurrent training to be
detrimental for strength gains only when training frequency was higher than three
days per week (Dudley and Djamil 1985; Hennesy and Watson 1994; Hickson 1980;
Hunter et al. 1987; Kraemer et al. 1995). The neuromuscular mechanisms related to
power production and explosive strength development seem to be the most affected
by the simultaneous training of strength and endurance (Dudley and Djamil 1985;
Hakkinen et al. 2003; Hennesy and Watson 1994; Kraemer et al. 1995). By
comparison, the majority of current research supports the contention that concurrent
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training does not alter the ability to adapt to endurance training (Docherty and Sporer
2000; Hickson et al. 1988). Indeed, a number of studies have concluded that the
addition of resistance training to ongoing exercise regimens of well-trained
endurance athletes is beneficial and results in improved endurance performance
(Hickson et al. 1988; Mikkola et al. 2007; Millet et al. 2002). Nevertheless, the
question of which is the best way of sequencing sessions targeted at different goals,
for the simultaneous development of strength and endurance, remains complex and

not satisfactorily solved.

There exists some evidence to support that periodized resistance training
programmes can result in greater strength gains than non-periodized programmes
(Fleck 1999; Willoughby 1993). Non-linear or undulating models in which short
periods of high volume are alternated with short periods of high intensity training are
thought to optimize strength gains (Baker et al. 1994). Unfortunately, there are very
few studies in the scientific literature that have explored the effects of periodized
training on sports with great demands of both strength and endurance, and even
fewer that have done so using elite athletes as subjects. Based on evidence from
existing research (Docherty and Sporer, 2000; Leveritt et al. 1999, 2000; Sale et al.
1990b; Sporer and Wenger 2003), we chose to structure a periodized programme
aimed at minimizing the possible interference effects in the simultaneous training of
the strength and endurance components of physical fithess. Therefore, it was the
purpose of the present study to examine the effects brought about by a 12-week
periodized programme of combined strength and endurance training on selected
neuromuscular and cardiovascular parameters in a group of world-class level

kayakers.

Methods
Subjects

Eleven male world-class, flat-water kayak paddlers (all of whom were finalists at the
World Championships, including two Olympic gold-medallists) volunteered to take
part in this study. Mean (SD) characteristics of participants were as follows: age 26.2
(2.8) years; height 1.83 (0.07) m; body mass 86.2 (5.2) kg; training experience 12.4
(2.1) years, annual paddling volume 4,220 (354) km. Subjects had at least three
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years of familiarization with the testing procedures used in this investigation, and they
followed their respective training routines under strict supervision from coaches and
sport scientists from the Royal Spanish Canoeing Federation. No physical limitations
or musculoskeletal injuries that could affect training were reported. Kayakers
underwent a complete medical examination (including ECG) that showed all were in
good health condition. The study, which was conducted according to the declaration
of Helsinki, was approved by the Bioethics Commission of the University of Seville,

and written informed consent was obtained from all subjects prior to participation.

Previous training

Prior to entering the experimental phase of this study, participants had completed a
5-wk transition period during which no specific paddling or resistance training was
undertaken. Only some recreational physical activities (sport games plus cycling or

swimming at low intensities) were performed.

Experimental design and testing sequencing

All subjects followed the same training programme during the 12-wk duration of the
study. Subjects reported to the laboratory on four separate occasions (T0, T1, T2 and
T3) throughout the intervention in order to assess the selected cardiovascular,
neuromuscular and anthropometric parameters. Testing was completed on three
consecutive days: anthropometry and maximal incremental exercise test on the
kayak ergometer (day 1), one repetition maximum (1RM) strength (day 2) and power
testing (day 3). No strenuous exercise was undertaken 24 h before reporting to the
laboratory for testing. The same warm-up procedures and protocol for each type of
test were repeated in subsequent occasions, and all testing sessions were performed
at the same time of day (10-12 h) and under similar environmental conditions (20-22
°C and 55-65% humidity. In a pilot study, the inter-test reliability for measuring
maximal oxygen uptake (VO:zmax), second ventilatory threshold (VT2), and HR at
VOomax (HRmax) was assessed by performing two incremental paddling tests to
volitional exhaustion, separated by three weeks, on a kayak ergometer on twelve
elite junior male kayakers, of international competitive level in the 500 m and 1000 m

sprint flat-water events. No significant differences were observed between the 3-
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week measurements in the endurance variables analysed. Paddling testing variables
showed reliability coefficients ranging from 0.92 to 0.98. The coefficients of variation
(CV) for VOzomax, VT2, and HRnax ranged between 3.2% and 5.1%. The test-retest
intraclass correlation coefficients for all strength/power variables used in this study
were greater than 0.93 and CV ranged from 0.9% to 2.9%. No control group was
used because including such a group while studying elite athletes could be
considered highly unethical since withholding important training stimuli would be

detrimental to the athletes’ progress (Kraemer 2005).

Anthropometry

Anthropometric measurements included: standing height, body mass, skinfold
thicknesses (triceps brachii, subscapular, suprailiac, abdominal, anterior thigh,
medial calf, supraspinale and biceps brachii), and muscle girths (chest, forearm,
thigh, calf), and were performed by the same experienced investigator in accordance
with guidelines from the International Society for the Advancement of
Kineanthropometry (ISAK). Height was measured to the nearest 0.1 cm during a
maximal inhalation, and body mass to the nearest 0.1 kg using a calibrated scale
(Seca 714, Hamburg, Germany); skinfold thicknesses and muscle girths were
assessed, respectively, by using a skinfold caliper (accurate to 0.2 mm) and flexible
measurement tape (1 mm), all from the Harpenden range of anthropometric
instruments (Holtain Ltd., UK).

Maximal incremental exercise test

After a 5-min warm-up at a speed of 9 km-h™, subjects completed an incremental
paddling test to volitional exhaustion on a kayak ergometer (Dansprint ApS,
Denmark). The first stage was set at a speed of 11.5 km-h?, and the speed
increment was 0.5 km-h™ each minute. Each kayaker freely adjusted his stroke rate
(SR) as needed, while this rate was continuously recorded by means of a stroke
counter (Interval 2000, Nielsen-Kellerman, USA). Heart Rate (HR) was monitored
using standard HR telemetry (S610i, Polar Electro Oy, Finland) and recorded every 5
s. Paddlers were encouraged to make a maximal effort and complete as many

stages as possible. The test concluded when: a) the subject voluntarily stopped
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paddling, or b) he was unable to maintain the imposed speed. Breath-by-breath gas
analysis was conducted throughout using an automated Jaeger Oxycon Pro system
(Erich Jaeger, Germany). The gas analyzers were calibrated using a 4.95% CO,-
95.05% N3 gas mixture (BOC Gases, Surrey, UK), and the volume sensor using a 3-
L calibration syringe. VT2 was determined from gas exchange measurements using
the criteria of an increase in both ventilatory equivalents (Ve-VO,™* and Vg-VCO,™
ratios) and a decrease in the end-tidal carbon dioxide tension (PetCO,). Two
independent and experienced observers made VT2 determinations. If there was
disagreement between the two, a third observer was brought in. VO,max Was defined
as the average of the two highest single consecutive 15-s VO, mean values attained
towards the end of the test. The following variables were determined for each
paddler: O, uptake at VT2 (VO, at VT2), VT2 as a percentage of VOzmax
(VT2(%VOomax), HRmax, HR at VT2 (HRvt2), SR at VOsmax (SRmax), SR at VT2
(SRvT2), paddling speed at VT2 (PSyt2) and paddling speed at VOzmax (PSmax)-
Capillary whole blood samples were taken from each kayaker’'s earlobe during test
recovery (minutes 1, 3, 5, 7 and 10) to determine peak lactate concentration ([La

Jpeak) Using a miniphotometer (LP20, Dr. Lange, France).

Maximal strength and muscle power assessment

1RM was determined in the bench press (BP) and prone bench pull (PBP) using free
weights. These were chosen because they are typical resistance training exercises
used in the sport of canoeing, and are useful to assess strength and power in the
opposing upper-body muscle actions of pushing and pulling. Warm-up consisted of 5-
min of stationary cycling at a self-selected easy pace, followed by 5-min of static
stretching and upper-body joint mobilization exercises. After a 3-min recovery, a set
of 6 repetitions with the estimated 60% 1RM load, and another set of 2-3 repetitions
with the estimated 80% 1RM load for each exercise were performed. Thereafter,
each subject performed 3-5 more one-repetition sets with 5-min recovery pauses
until his 1RM load could be determined with a precision of 2.5 kg. After two failed
attempts at the same load, the test was terminated. The heaviest load that each
subject could properly lift, without any external help, was considered to be his 1RM.
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On the following day, mean concentric velocity with 45% of the previously
determined 1RM load (V4s0) Was assessed for both exercises. This load was chosen
since it has been proved to be very close to the load that maximizes the average
mechanical power output for isoinertial upper-body resistance exercises (Cronin and
Sleivert 2005, Izquierdo et al. 2002). After an identical warm-up, subjects performed
2 sets of 3 repetitions with the 45% 1RM load, using a 5-min recovery pause
between sets. Mean velocity was recorded by means of a linear position transducer
(MuscleLab, Ergotest Technology, Oslo, Norway). The mean velocity of the three
best repetitions for each subject was registered as the Vuse. In the BP, subjects lay
supine on a flat bench, with their feet resting flat on the floor, and hands placed on
the barbell slightly wider (5-7 cm) than shoulder width. After lowering the barbell to
the chest, they pushed upwards, at maximum velocity, to the full extension of their
elbows. The subjects were not allowed to bounce the bar off their chests or raise the
shoulders or trunk off the bench. If this occurred, the trial was rejected and
subsequently repeated. In the PBP, paddlers were instructed to lie prone and place
their chin on the padded edge of a high bench. The pulling phase began with both
elbows in full extension while the barbell was grasped with hands shoulder-width
apart or slightly wider (4-5 cm). The participants were instructed to pull with maximum
effort until the barbell struck the underside of the bench, after which it was again
lowered to the starting position. In both exercises, subjects’ positions on the bench

and grip widths were measured so that they could be reproduced on every lift.

Periodized training programme

The training cycle was divided into three consecutive training phases. Phases one
(P1; from TO to T1) and two (P2; from T1 to T2) had a duration of 5 weeks, while the
final phase (P3; from T2 to T3) lasted only 2 weeks. Two prioritized targets per
fithess component (endurance and strength) were chosen to selectively work upon in
each phase: P1, VT2 and muscle hypertrophy; P2, maximal aerobic power and
maximal strength; and P3, specific kayaking racing pace and maximal power output.
Testing was undertaken in the first week of each phase (TO, T1, T2) and again at the
13" week, right after the completion of the training programme (T3). Athletes
exercised daily, except one full rest day per week. Strength training sessions were
preferentially arranged prior to endurance sessions; when this was not possible,
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sufficient recovery time (6-8 h) was allowed before undertaking resistance training.

Compliance with training requirements was excellent for all participants.

Endurance training

Three training zones were identified according to the exercise intensity: zone 1 (Z1),
light intensity, below VT2; zone 2 (Z2), moderate intensity, between VT2 and 90% of
VOomax; and zone 3 (Z3), high intensity, between 90% and 100% of VOzmax. NO
higher, supramaximal intensities were used in this study. A description of the
characteristics of endurance exercise modes used for training each intensity zone is
provided in Table 1. The relative contribution of each of these intensities to the total
training volume for each phase was markedly different (Fig. 1). Volume and intensity
were carefully controlled and quantified for each training session throughout the full
12-wk training cycle. The main variables used for endurance training monitoring
were: time spent (hours) and distance covered (km) for volume; and HR and paddling
speed for intensity. Distance and speed were registered by means of a GPS receiver
(Garmin 201, Garmin Ltd., USA). Total time devoted to endurance training was 52.7
+1.9hin P1, 49.5 £ 1.5h in P2 and 21.5 £ 0.8h in P3. Number of endurance training

sessions per week ranged from 10 to 15.

Table 1. Description of the endurance training modes used for each intensity zone.

Intensity Total Volume Sets Repetitions Work Rest Period Intensity
Zone (min) (min) (min) (%VO2max)
Z1 70 - 120 1 1-3 20-90 1-3 70% - 80%
Z2 40 - 90 1-4 1-10 5-20 1-4 80% - 90%
Z3 20 - 60 2-5 4-8 1-8 2-8 90% - 100%
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Fig. 1. Relative contribution of each exercise intensity zone to the total endurance training
time performed in each phase. Z1: light intensity, below VT2; Z2: moderate intensity,
between VT2 and 90% of VO,nax; Z3: high intensity, between 90% and 100% of VO, ax.

Resistance training

Exercise type, loading intensity, number of sets and repetitions, as well as rest
pauses were different for each training phase (Table 2), and subjects completed
three strength training sessions per week. Training to repetition failure was
deliberately avoided, and paddlers were constantly encouraged to perform each
repetition at maximal concentric velocity, regardless of the load being lifted. Eccentric
actions were always performed in a slow controlled manner, lowering the weights in
approximately 3 s. In maximal power training sessions (P3), each set was terminated
when mean velocity decreased by more than 10% of the best (fastest) repetition’s
mean concentric velocity. In all strength training sessions, volume was recorded
using total load lifted (kg) and number of repetitions completed. Intensity was
assessed as percentage of 1IRM and mean concentric velocity in each repetition as
measured by the linear position transducer. All training was supervised by
professional coaches with several years of experience in the training of kayakers and
canoeists. Total strength training volume was 15.6 £ 0.8 h and 2,430 + 42 repetitions
during P1, 13.2 £ 0.7 h and 660 * 13 repetitions during P2, and 8.4 £ 0.5 h and 520 +
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14 repetitions during P3. The relative contribution of each strength training type to the

total training volume in each phase is shown in Fig. 2.

Table 2. Types and characteristics of resistance training

Exercises Sets Repetitions

Load
(%1RM)

Bench Press, Prone Bench Pull,

Hypertrophy Squat, Shoulder press, Pull ups 4-5

Maximal Strength Bench Press, Prone Bench Pull, 3.4
Squat

Maximal Power Bench Press, Prone Bench Pull 4-5

8-10 70% - 75%

3-4 85% - 90%

5-8* 45%

* Each subject performed the maximum possible humber of repetitions until mean concentric

velocity dropped by more than 10% of the fastest repetition velocity within that set.
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Fig. 2. Relative contribution of each strength training type used in this study to the total

training volume in each phase.
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Statistical analysis

Standard statistical methods were used for the calculation of mean values and
standard deviations (SD). The Kolmogorov-Smirnov test was applied to determine
the nature of the data distribution. Because a normal distribution was confirmed,
repeated measures ANOVA was used to evaluate changes in selected variables over
the 12-wk training period (TO-T1-T2-T3). Tukey’s post-hoc test was used to identify
the source of any significant differences. Significance was accepted at the P < 0.05

level.
Results
Anthropometric changes

Changes in anthropometric measurements are reported in Table 3.

Table 3. Changes in anthropometric parameters.

TO T1 T2 T3
Body mass (kg) 86.0 + 4.4 88.1 + 48 859 + 45 856 * 46
Sum of 4 skinfolds (mm) 355 + 2.9 340 £+ 23 290 + 21" 343 + 23°
Sum of 8 skinfolds (mm) 67.4 + 5.1 635 + 43 535 + 39" 638 + 45
Thigh girth (cm) 56.4 + 1.8 58.2 + 1.6 576 + 1.6 57.3 =+ 1.8
Chest girth (cm) 105.2 + 3.8 109.2 + 3.9* 1075 + 3.4 107.1 = 3.9
Forearm girth (cm) 286 + 1.1 293 £ 1.1 289 + 1.3 287 = 1.1
Calf girth (cm) 36.0 + 0.7 372 £ 09 370 =+ 1.0 37.0 £ 0.9

Data is expressed as mean + SD

4 skinfolds: triceps brachii, subscapular, supraspinale, abdominal

8 skinfolds: 4 skinfolds + biceps brachii, suprailiac, anterior thigh, medial calf
* Significantly different (P < 0.05) when comparing TO to T1

# Significantly different (P < 0.05) when comparing T1 to T2

£ Significantly different (P < 0.05) when comparing T2 to T3
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Cardiovascular and endurance performance changes

VO2max increased by 3.5% from TO to T1 (P = 0.063) and by 5.3% from T1to T2 (P <
0.01), while no significant differences in VO2max Were observed from T2 to T3. VO, at
VT2 increased significantly between TO and T1 (12.4%, P < 0.01) but decreased by
4.3% from T1 to T2 (P < 0.05). VT2 (%VO2max) Significantly increased from TO to T1
(8.6%, P < 0.01), while it decreased 9.0% (P < 0.01) when comparing T1 to T2.
PSmax improved at T1 (2.1%, P < 0.05), T2 (2.0%, P = 0.068) and T3 (2.0%, P <
0.05). No significant differences were observed for the rest of the variables analyzed
(HRmax, HRvT2, SRmax, SRvT2, and [La']max) (Table 4 and Fig. 3).

Table 4. Changes in selected physiological and performance variables
12-wk training programme.

across the

TO T1 T2 T3
PSmax (km-h™) 145 + 0.3 14.8 + 0.2 151 + 0.3 15.4 + 0.2°7
PSyrz (km-h™) 13.6 = 0.2 13.9 + 0.2* 141 = 0.2 14.2 + 0.3
[LaTpeax (Mmol-L™") 125 + 3.3 11.8 + 25 128 + 2.2 13.0 = 2.8
HRmax (beats -min?) 194 + 8 188 + 8 189 + 10 189 + 7
HRyr, (beats -min™) 175 + 7 172 + 7 171 + 6 172 + 6
SRmax (Strokes-min®) 104 + 5 101 + 9 101 + 7 103 + 8
SRy, (strokes-min‘l) 88 + 4 84 + 6 8 + 5 85 + 7

Data is expressed as mean = SD
* Significantly different (P < 0.05) when comparing TO to T1
£ Significantly different (P < 0.05) when comparing T2 to T3
' Significantly different (P < 0.05) when comparing TO to T3
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Fig. 3. Changes in VO, and VT2 across the 12-wk training programme. Data is presented
as mean = SD. *Significantly different (P < 0.05) from TO to T1. *ldem (P < 0.05) from T1 to
T2. *Idem (P < 0.05) from T1 and T2. "ldem (P < 0.05) from TO to T3.

Strength and power changes

From TO to T1, 1RM improved significantly (9.7% and 7.7% for BP and PBP
respectively, P < 0.01), while V459 remained unchanged in both bench press and
prone bench pull exercises. Between T1 and T2, no significant changes were
observed in 1RM values, while Vs, improvement was close to statistical significance
(5.3%, P = 0.077 for BP and 4.6%, P = 0.082 for PBP). From T2 to T3, 1RM values
significantly decreased by 4.6% and 4.5 % (P < 0.05) respectively for BP and PBP.
Simultaneously, V4se significantly improved by 11.0% (P < 0.01) in BP and 7.1% (P <
0.01) in PBP. When comparing TO and T3 values for these variables, significant
improvements were found in 1RM values for BP (4.2%, P < 0.05) and PBP (5.3%, P
< 0.05). Significant increases were also observed in Vs for both bench press
(14.4%, P < 0.001) and prone bench pull exercises (10%, P < 0.001) (Fig. 4).
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Fig. 4. Changes throughout the 12-wk training programme in 1RM strength (a) and mean
concentric velocity attained with 45% 1RM load (b) in the bench press and prone bench pull
exercises. Data is presented as mean * SD. *Significantly different (P < 0.05) from TO to T1.
fldem (P < 0.05) from T2 to T3. "ldem (P < 0.05) from TO to T3.

Discussion

This study details the changes in selected endurance, anthropometric and strength-
related parameters of world-class level kayakers across a 12-wk periodized training
cycle. The results are important and unique, due to the internationally elite level of

the athletes, the very high demands of strength and endurance of their sport
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discipline, as well as the scarcity of this type of study in the literature. The main
finding of the present study was that 12-wk of periodized training was effective for
inducing significant gains in both strength and muscle power, as well as endurance
performance, showing that it is possible to simultaneously develop these different
physical fithess components in a relatively short period of time and at a world-class

level of performance.

It has been previously reported that a properly designed and implemented
periodization scheme could be the best approach to minimize the potential
interference effects in simultaneous strength and endurance training (Baker 2001,
Docherty and Sporer 2000). However, little is known about what would be the optimal
structure for such periodization during sports requiring both strength and aerobic
performance (e.g. Olympic kayaking). According to the model proposed by Docherty
and Sporer (2000), we chose to prioritize the fithess components to sequentially
develop in each training phase so that potential interferences in the simultaneous
training of strength and endurance could be minimized. In particular, the periodized
training programme used in this study deliberately avoided mixing the specific
training objectives of muscle hypertrophy (i.e. strength training objective at P1) and
maximal aerobic power (i.e. endurance training objective at P2) because these are
thought to be two modes of training that lead to opposite physiological adaptations at
the peripheral level that prevent the body from optimally and simultaneously adapting
to both of them (Leveritt 1999). Thus, while hypertrophy training would be attempting
to increase contractile protein synthesis in the muscle, causing considerable
metabolic and hormonal stress at the cellular level, training for aerobic power would
require the muscle to increase its oxidative capacity (Docherty and Sporer 2000; Sale
1990a). On the contrary, training at lower aerobic intensities (75-85% VOzmax), SUCh
as those usually employed to improve the VT2 would induce more centrally mediated
adaptations that would be expected to cause much less interference with the method
of strength development via muscle hypertrophy (P1). The cited model also predicts
less interference when concurrently training for maximal strength/power and aerobic
power (P3), because the training stimulus for increasing strength would be mainly
directed at the neural system (increased motor unit firing rate and changes in
synchronization, recruitment of higher threshold motor units, etc.), not placing high

metabolic demands on the muscle. Therefore, it appears that the manipulation of
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training intensity in each training phase is critical to avoid potential interferences in
concurrent training (Docherty and Sporer 2000).

Although the total volume of endurance training was very similar for the first 5-
wk training phases (52.7 h for P1 and 49.5 h for P2), training intensity was markedly
different. While in P1 most of the training volume was devoted to improving the VT2
(57% of total training time in Z2), aerobic power development was favoured in P2
(44% of total training time in Z3). The specificity of training appears to be reflected in
the observed cardiovascular changes observed within every training phase. Thus,
VO, at VT2 was the variable that improved the most in P1 (12.4%), whereas VO max
increased more than any other cardiovascular variable in P2 (5.3%) (Fig. 3). The
VO,max mean value of 68.1 mL-kg™* min™ reached after the 12-wk training intervention
is significantly higher than that obtained by other authors with high-level kayakers
using similar ergometry testing protocols (i.e. mostly in the 54-60 mL-kg™* -min*
range) (Bishop et al. 2002; Fry and Morton 1991; Tesch et al. 1983; Van Someren
and Oliver 2002). Although the endurance training performed in P1 was not directly
focused towards the development of aerobic power (Fig. 1), the almost significant
improvement in maximal aerobic power (3.5%) after this training phase (Fig. 3) is
probably due to subjects exhibiting a particularly low initial level because of the
previous 5-wk transition period. As mentioned above, a 5.3% mean improvement in
VO.max Was obtained in P2, after increasing training time devoted to aerobic power
(i.,e. from 5.3 h to 21.8 h of training in Z3) for these already highly trained athletes.
The observed changes in VO;max in only 12 weeks of training (9.5% increase from TO
to T3; Fig. 3) are of similar magnitude to those of 8.0% described in a previous study
(Tesch et al. 1976) with international-level kayakers and canoeists after a longer

training period (8 months).

Similarly, the specificity of endurance training around the VT2 during P1 (57%
of total training time in Z2, Fig. 1) brought about important increases in VO, at VT2
(12.4%). In P2, coinciding with an important reduction in training time spent at Z2
(only 32% in this intensity zone), VO, values at VT2 significantly decreased by 4.3%;
whereas no changes for this variable were observed in P3. After completing the 12-
wk training cycle, VT2 (%VO2max) Was identical to the starting value (80.5%), despite
the fact that VO, at VT2 was significantly higher (increasing from 50.1 to 54.8 mL-kg’
L. min™ from TO to T3) (Fig. 3).
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Variables closely related to actual kayaking performance, such as PSnax and
PSyt2 increased steadily and similarly throughout the training cycle until reaching an
improvement of 6.2% and 4.4% between TO and T3, respectively (Table 4). It is
noteworthy that PSmay improved from 15.1 to 15.5 km-h™ in the final two weeks (P3).
The peak blood lactate concentration found after the incremental test to exhaustion
on the kayak ergometer (13.0 + 2.8 mmol-L™) was comparable to the values reported
in the literature (Bishop et al. 2002, Tesch et al. 1976, 1983) for similar top-level
kayakers (i.e. 13-16 mmol-L™), and occurred at between 5 and 7 min of recovery in

all subjects.

The improvements in 1RM values for the bench press exercise (9.7%; Fig. 4),
after 5-wk of hypertrophy-oriented strength training performed in P1, are comparable
to those described for this exercise for moderately strength-trained athletes following
similar concurrent training routines in elite junior basketball and soccer players (from
5.2 to 9.6%) (Drinkwater et al. 2005, 2007), or handball players (16%) (Marques and
Gonzalez-Badillo 2006) after 6-wk training. This notable increase in maximal strength
was obtained even though only very modest levels of hypertrophy were detected in
such a short training phase; thus, chest girth was the only variable to significantly
increase during this period (Table 3). Unfortunately, MRI or other more sensitive
measurements to ascertain the extent of possible hypertrophic changes were not
performed in the present study. The greatest improvements in Vysy (11% in BP and
7% in PBP) clearly occurred after P3, where 80% of total resistance-training volume
was spent on specifically working with maximal power output loads for upper-body
exercises (Fig. 4). During this type of training, the number of repetitions performed in
each set was carefully controlled by monitoring the velocity of each repetition and
giving immediate feedback to the athlete. The set was stopped when velocity
dropped by more than 10% of the fastest repetition mean concentric velocity (Table
2). This made it possible to attain very high power output values in only a few
selected repetitions, such as has already been suggested by some authors (Baker
and Newton 2007; lzquierdo et al. 2006b; Tidow 1995) as an effective strategy for
improving maximal power in highly trained elite athletes. By contrast, maximal
dynamic strength decreased considerably in P3 (4.5% in both exercises; Fig. 4) even
though 20% of total training time during this phase was of maximal strength type (Fig.

2). This could be explained by the significantly reduced volume and intensity of
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training during this final tapering phase, perhaps suggesting that high-intensity stimuli
are needed in order to maintain maximal strength gains in these highly trained
athletes. The 1RM strength values, together with the high VO,n.x and VO, at VT2
found in this study confirm the huge requirements of aerobic power and strength of

Olympic sprint kayaking.

Despite the time devoted to endurance training being, on average, more than
triple that of resistance training, strength and power markers improved consistently
throughout the study. Together with the above-mentioned strategy of prioritizing the
development of two target fitness components (i.e. one for strength and another for
endurance) in each training phase, the simultaneous improvement in strength and
endurance markers observed in the present study may be explained by other factors
which we believe helped to reduce conflicting adaptations in the concurrent training
of strength and endurance. One important aspect was controlling for training volume
and, especially, limiting the frequency of resistance training to only three sessions
per week because, as already addressed in the introduction, higher frequencies have
proved to compromise strength gains in most concurrent training studies. Research
has also highlighted the importance of the order and timing of the aerobic and
strength training sessions in order to minimize possible interference effects (Leveritt
et al. 1999, 2000; Sale et al. 1990b; Sporer and Wenger 2003). Thus, insufficient
recovery between training sessions might limit simultaneous adaptations to strength
and endurance training. Residual fatigue from a previous aerobic session could
cause a reduction in the quality of subsequent strength training by compromising the
ability of the neuromuscular system to rapidly develop force (Leveritt et al. 1999)
and/or reducing the absolute volume of strength training that could be performed in
such condition (Sale et al. 1990b). Additionally, acute changes in metabolic activity
have been reported to be altered by a preceding bout of endurance exercise (Leveritt
et al. 2000). Consequently, and following the suggestions outlined by Sporer and
Wenger (2003) we decided to schedule strength sessions before endurance sessions
or, when not feasible, to separate both types of training sessions by at least 6-8 h to

allow for restoration and glycogen repletion.

Two other aspects that we purposely introduced in the design of the training
programme were the avoidance of strength training sessions leading to muscle

failure and the emphasis placed on performing each repetition explosively, with
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maximal intended concentric velocity. These measures are based on suggestions
from previous research (Cronin and Sleivert 2005; Folland et al. 2002; Izquierdo et al.
2006a), and are aimed at maximizing adaptations in the neural component of
strength, as well as trying to avoid excessive fatigue or mechanical and metabolic
strain which could negatively influence the quality of subsequent training sessions. In
the study of Sale et al. (1990b) although same day concurrent resistance and aerobic
training induced very similar levels of muscle hypertrophy to those obtained when
training strength and endurance on different days, strength gains were significantly
higher in the latter case. Therefore, it seems likely that neural adaptations are
impaired when combining strength and endurance in the same training session, so
that to improve neuromuscular performance and make the most of strength training,
sessions must be undertaken in a well-rested, unfatigued state.One may also
speculate that similarly to the concurrent strength and endurance programme
performed in the present study, the shortest events of kayaking, canoeing and rowing
could benefit from periodized programmes where emphasis is placed on developing

maximal strength and maximal muscle power in certain phases of the training cycle.

A final aspect worth noting has to do with the specific modality of exercise
used in strength and endurance training. In the few studies that have used upper-
body exercise modalities of resistance and endurance training there appeared to be
no interference in strength development when concurrent training was compared with
strength training alone (Leveritt et al. 1999), whereas the ‘interference phenomenon’
described by Hickson (1980) was relative to lower body exercise, in which muscle
strength is not a limiting factor. It remains to be determined whether there exist

differences in concurrent training when training upper or lower-body musculature.

In summary, a 12-wk periodized strength and endurance training programme
with special emphasis on prioritizing the development of specific physical fithess
components in each training phase (i.e. muscle hypertrophy and VT2 in P1, and
maximal strength and aerobic power in P2) seems effective in improving both

cardiovascular and neuromuscular markers of highly trained top-level athletes.
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Abstract

This study analyzed changes in physiological parameters, hormonal markers and
kayaking performance following 5-wk of reduced training (RT) or complete training
cessation (TC). Fourteen top-level male kayakers were randomly assigned to either a
TC (n =7) or RT group (n = 7) at the end of their competitive season (T1). Subjects
undertook blood sampling and an incremental test to exhaustion on a kayak
ergometer at T1 and again following 5 weeks of RT or TC (T2). Maximal oxygen
uptake (VO2max) and oxygen uptake at second ventilatory threshold (VT2)
significantly decreased following TC (-10.1% and -8.8%, respectively). Significant
decreases were also observed in RT group but to a lesser extent (-4.8% and -5.7%
respectively). Heart rate at VT2 showed significant increases following TC (3.5%).
However, no changes, were detected in heart rate at VOznax In any group. Peak
blood lactate remained unchanged in both groups at T2. Paddling speed at VO max
declined significantly at T2 in the TC group (-3.3%), while paddling speed at VT2
declined significantly in both groups (-5% and -4.2% for TC and RT, respectively).
Stroke rate at VO,max and at VT2 increased significantly only following TC by 5.2%
and 4.9%, respectively. Paddling power at VO,nax and at VT2 decreased significantly
in both groups although the values observed following RT were higher than those
observed following TC. A significant decline in cortisol levels (-30%) was observed in
both groups, while a higher increase in testerone to cortisol ratio was detected in the
RT group. These results indicate that a RT strategy may be more effective than
complete TC in order to avoid excessive declines in cardiovascular function and

kayaking performance in top-level paddlers.

Keywords : Detraining; aerobic power; kayaking; paddling parameters; hormonal

profile.
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Introduction

Training periodization for competitive athletes emphasizes the need to incorporate a
period of regeneration following the conclusion of the main event of the season in
order to allow physical and mental recovery before the beginning of a new training
cycle (Bompa 1999; Issurin 2008). However, the consequences that typical post-
season breaks of 4-6 wk could have on physiological and performance markers of
top-level athletes are not completely understood. The magnitude of the performance
decline observed following a period of detraining appears to be related to the chosen
recovery strategy (reduced training or complete training cessation), initial fitness
level, and total time under reduced or absence of training stimuli (Mujika and Padilla
2000a; 2000b).

These recovery periods are initially characterized by marked alterations in the
cardiorespiratory, neuromuscular and metabolic systems that may induce a
detraining state (Mujika and Padilla 2001). Numerous studies have reported VOzmax
declines between 6-14% in well-trained athletes who refrained from training for 3-6
wk (Coyle et al. 1984; Martin et al. 1986; Petibois and Déléris 2003), while less
pronounced declines in VO,nax have been detected following shorter TC periods
(Houmard et al. 1992; Houston et al. 1979). By contrast, in recreationally-trained
individuals residual training effects seem more readily retained. Thus, no significant
changes in VOzmax following 3-wk of TC (Moore et al. 1987) or a small decrease
(~7%) following 4-6 wk of TC (Hansen et al. 2004; Marles et al. 2007) have been
reported for these population groups, respectively. The declines observed in maximal
aerobic power following periods of complete training cessation appear to be related
to decreases in basic cardiorrespiratory parameters such as blood volume, cardiac
output, stroke volume, and maximal voluntary ventilation (Cullinane et al. 1986;
Martin et al. 1986).

Skeletal muscle tissue is not an exception to these detraining effects.
Reductions in capillary density (Houston et al. 1979), oxidative capacity (Mujika and
Padilla 2001), mean fiber cross-sectional area (Bangsbo and Mizuno 1988), EMG
activity (Hakkinen et al. 1981), maximal arterio-venous VO, difference (Coyle et al.
1984), and fiber type changes (Larsson and Ansved 1985) have all been

documented in athletes following periods of TC.
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In an attempt to reduce the negative impact that the absence of training stimuli
may have on athletic performance, training reduction strategies (periods during which
volume and/or training intensity are significantly reduced) have been proposed as an
alternative to complete training cessation, especially for elite level athletes (Mujika
and Padilla 2000a; 2000b; Neufer et al. 1987). However, there is a relative lack of
information on the effects of RT on physiological parameters and athletic
performance. Few investigations (Hickson et al. 1982; Neufer et al. 1987) have been
carried out in order to determine the detraining effects caused by a RT approach.
These studies show that it is possible to drastically reduce total volume and/or
frequency of training during 4-wk and still maintain VO,nax levels. However, although
a single high-intensity 35-min weekly session was effective to maintain VO,nax in @
group of well-trained endurance athletes, endurance capacity (defined as maximal
time to exhaustion at 75% of VO,nax) decreased by 20% following 4-wk of this type of
training (Madsen et al. 1993).

On the other hand, it is generally recognized that training and competing at the
elite level induces considerable stress on the neuroendocrine system. The interplay
between anabolic and catabolic processes, that takes place as a consequence of
exercise and recovery, plays a vital role in mediating the physiological adaptations to
physical training (Kraemer and Ratamess 2005). Short-term TC or RT periods have
shown increased resting concentrations of anabolic (e.g. testosterone, growth
hormone) and declines in catabolic (e.g. cortisol) hormones, possibly related to the
body’s improved ability to combat the catabolic processes and enhanced tissue
remodelling and repair (Hortobagyi et al. 1993). However, the hormonal response of
elite athletes from sports with great demands of both strength and endurance (e.g.

Olympic kayaking) following periods of TC or RT remains unclear.

To our knowledge, there are no studies that have compared the effects of a
TC versus a RT strategy on physiological and performance variables in athletes of a
truly high-calibre during a post-season recovery period. Therefore, the aim of this
study was to examine changes in physiological parameters, hormonal markers and
kayaking performance following 5-wk of either RT or complete TC in a group of
world-class kayakers.
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Methods
Participants

Fourteen top-level flat-water male kayak paddlers (including ten World Championship
finalists, and two olympic gold-medallists) volunteered to take part in this study.
Characteristics of participants (mean £ SD) were as follows: age 25.2 + 2.5 yr, body
mass 84.0 £ 5.5 kg, height 1.81 + 0.04 m; training experience 11.1 + 2.7 yr, annual
paddling volume 4,415 + 374 km. Paddlers had at least two years of familiarization
with the testing procedures used in this investigation, and all were part of the same
squad (i.e. Spanish Canoeing National Team). The study, which complied with the
Declaration of Helsinki, was approved by the Bioethics Commission of the University
of Seville, and written informed consent was obtained from athletes prior to

participation.

Previous training

The training season comprised a total of 47-wk that ended with the Flatwater Racing
World Championship. During this period, paddlers undertook a periodized training
program of combined strength and endurance training, under the guidance and
supervision of professional canoeing coaches. Strength training volume during these
47-wk amounted to: 37.8 + 2.6 h, 42 + 3 sessions, 840 + 60 sets and 7,560 + 540
repetitions for hypertrophy; 44.4 + 3.2 h, 42 + 3 sessions, 642 + 46 sets and 2,600 +
199 repetitions for maximal strength; and 32.4 £ 1.1 h, 34 + 2 sessions, 488 * 29 sets
and 2,673 + 158 repetitions for maximal power. Endurance training was structured
into 3 cycles of 11-22 wk duration. Total endurance training volume was 264.1 + 12.7
h at paddling speeds corresponding to 75-90% VOzmax, 39.9 = 2.0 h between 90-
105% VO2zmax, and 8.6 £ 0.6 h above 105% VO,max and required athletes to paddle
60-130 km, distributed in 10-15 kayaking sessions per week.

Experimental design

All subjects underwent a maximal incremental exercise test 25-d before the start of
the World Championship (T1) in order to avoid any interference with the paddlers’
preparation for this competition, the most important event of the season. Blood tests
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were performed 5-d before the event. The same assessments were held again 5-wk
following the conclusion of the World Championship (T2). Following this competition,
each participant was randomly assigned to a reduced training (RT; n = 7) or training
cessation (TC; n = 7) group. The TC group fully discontinued any physical training
during the following 5 weeks, whereas the RT group performed only one resistance
training and two endurance training sessions per week. The resistance training
session (Wednesday) comprised 3 sets of 10 repetitions with each athlete’s 12RM
load in the bench press, prone bench pull and squat exercises, using pauses of 3 min
between sets. Endurance training consisted of only two 40-min moderate-intensity
(~80% VO2max) running (Monday) and paddling sessions (Friday), respectively. On
the four remaining week days no physical training of any kind was performed. During
each of these 5-wk of RT, paddlers completed approximately 20% of the mean

weekly training volume completed during the 47 preceding weeks.

Maximal incremental exercise test

Following a 5 min warm-up at a speed of 9 km-h™, subjects completed an
incremental paddling test to volitional exhaustion on a kayak ergometer (Dansprint
ApS, Denmark; drag resistance coefficent = 35). The first stage was set at a speed of
11.5 km-h* and the speed increments were 0.5 km-h* each minute. Each kayaker
was allowed to freely adjust his stroke rate (SR) as needed, while this rate was
continuously recorded by means of a stroke counter (Interval 2000, Nielsen-
Kellerman, USA). Heart rate (HR) was monitored using standard telemetry (S610i;
Polar Electro Oy, Finland) and recorded every 5 s. Paddlers were encouraged to give
a maximal effort and to complete as many stages as possible. The test concluded
when a subject voluntarily stopped paddling or he was unable to maintain the
imposed speed. Breath-by-breath gas analysis was conducted throughout using an
automated Jaeger Oxycon Pro system (Erich Jaeger, Germany). The gas analyzers
were calibrated using a 4.95% CO0,—95.05% N, gas mixture (BOC Gases, Surrey,

UK), and the volume sensor using a 3-L calibration syringe.

Physiological variables

VO2max Was defined as the average of the two highest single consecutive 15 s VO,

mean values attained during the last 90 seconds of the test. All subjects fulfilled the
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following two criteria for VO2nax achievement: a) respiratory exchange ratio greater
than 1.1; and b) peak HR at least equal to 90% of the age-predicted maximum.
Second ventilatory threshold (VT2) was determined from gas exchange
measurements using the criteria of an increase in both ventilatory equivalents
(Ve-VO, ! and VE-VCO,™) and a decrease in the end-tidal carbon dioxide tension
(PerCOy). Two independent and experienced observers made VT2 determinations. If
there was disagreement between the two, a third observer was brought in. HR at
VOzmax (HRmax), and HR at VT2 (HRyr2) were also determined for each paddler.
Capillary whole blood samples were taken from each kayaker’s earlobe during test
recovery (min 1, 3, 5, 7, 10 and 12) to determine peak lactate concentration ([La]peak)

using a miniphotometer (LP20; Dr. Lange, France).

Kayaking performance variables

Paddling variables that play a key role in kayaking performance were measured
during the maximal exercise test: paddling speed at VOzmax (PSmax), paddling speed
at VT2 (PSyrz), stroke rate at VOzmax (SRmax), Stroke rate at VT2 (SRyr2), paddling
power output at VOzomax (PWmax), and paddling power output at VT2 (Pwyty).

Blood collection and analyses

At T1 and T2, venous blood samples (10 mL) were obtained from an antecubital vein
using vacutainers and sterile needles. All samples were obtained at the same time of
day for each participant (8-9 h), following a 12 h overnight fast and a previous resting
day. Blood samples were collected in tubes containing EDTA, centrifuged at 800 g
for 10 min at 4C, and plasma stored at -80°C until assayed in duplicate for total
testosterone (T) and cortisol (C) by radioimmunoassay (125 RIA kits, DiaSorin, MN,
USA). The intra- and inter-assay variances for T were less than 3.5% and 7.0%,
respectively; whereas intra- and inter-assay variances for C were less than 4.6% and
5.8%, respectively.

Statistical analysis

Standard statistical methods were used for the calculation of means and standard
deviations (SD). A two-way ANOVA was performed in order to evaluate absolute
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changes in selected variables between time points (T1, T2) and between groups (TC,
RT). Significance was accepted at the P < 0.05 level.

Results
Physiological variables

No significant differences were found at T1 between groups for any physiological
variable. Following the 5-wk post-season break, VO;max declined by -11.3% (from
69.1 +3.9t0 61.3 +2.7 mL-kg-min™; P < 0.01) and -5.6% (from 68.5 + 3.0 to 64.6 +
3.1 mL-kg*-min™; P < 0.05) for the TC and RT groups, respectively. VOamax values at
T2 were significantly higher for the RT group compared to those of the TC group.
VO, at VT2 decreased both in the TC (-8,8%, P < 0.01) and RT groups (-5.7%, P <
0.05) (Fig. 1). HRyt2 increased in the TC group from T1 to T2 (3.5%, P < 0.05).
Significantly higher values (P < 0.05) for HRyr, at T2 were found for the TC when
compared with the RT group. No significant differences were observed in
VT2(%VO2max), HRmax, and [Lalpeak between T1 and T2 for the TC or RT groups
(Table 1 and Fig. 1).

Kayaking performance variables

From T1 to T2, PSyrz declined in both TC (-5.0%) and RT (-4.2%) groups (P < 0.05),
whereas PS .« decreased significantly only in the TC group (-3.3%, P < 0.05). SRmax
and SRy, demonstrated significant increases only in the TC group (5.2% and 4.9%,
P < 0.05, respectively). Pwmax showed no differences between groups at T1.
However, following the 5-wk detraining period, Pwnax decreased significantly in both
groups (-7.9% and -3.9%, P < 0.05, for TC and RT respectively). Additionally, the
final values attained at T2 were significantly higher (P < 0.05) for the RT compared to
the TC group. From T1 to T2, the magnitude of decrease in Pwyt, (-11%, P < 0.05)
was identical for both TC and RT groups. Values at T1 and T2 for this variable were
significantly higher (P < 0.05) for the RT compared to the TC group (Table 1).
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Table 1. Changes in cardiorespiratory and kayaking performance variables.

TC RT
T1 T2 T1 T2
HRmax (beats-min™) 193 + 6 195 + 6 189 + 7 192 + 5
HRyr, (beats-min™) 173 £ 5 179 + 4* 171 + 4 174 + 47
[LaTpeax (Mmol-L™") 14.0 + 3.3 156 = 4.6 13.1 = 3.1 14.0 = 3.4
PSmax (km-h?) 15.1 + 0.5 14.6 + 0.2* 15.2 + 0.3 149 + 0.3
PSyr, (km-h) 14.1 + 0.3 13.4 + 0.3* 142 + 0.3 13.6 + 0.2*
SRmax (strokes-min™) 96 + 3 101 + 3* 98 + 5 101 + 3
SRy (strokes-min‘l) 81 + 4 85 + 4* 83 + 5 85 + 4
PWinax (W) 238.4 + 6.9 219.6 + 4.0% 2409 + 6.6 231.4 + 4.4*"
Pwyr, (W) 204.1 + 5.8 182.1 + 5.3** 211.4 + 4.4' 187.9 + 6.7** "

Data are mean = SD. TC: Training Cessation (n = 7); RT: Reduced Training (n = 7).
Significant differences: * P < 0.05 compared to T1; ** P < 0.01 compared to T1; "'P <

0.05 compared to TC.
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Fig. 1. Changes in VO,nax, VO, at VT2 and VT2(%VO2na) following a 5-wk period of either
training cessation (TC) or reduced training (RT). Significant differences: * P < 0.05 compared
to T1; ** P < 0.01 compared to T1; "P<0.05 compared to TC.

Resting hormones

From T1 to T2, similar decreases (-30%, P < 0.01) were detected in cortisol levels for
the TC and RT groups. Although testosterone concentration similarly increased from
T1 to T2 in both groups, these changes were not statistically significant. T:C ratio
markedly increased (P < 0.01) in both TC (62.5%) and RT groups (67.6%), with
values at T2 being significantly higher for RT than for TC (P < 0.05).
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Table 2. Changes in resting hormones.

TC RT

T1 T2 1 2
cortisol | 4869 + 70.6 3390 + 533 4600 + 77.3 320.8 * 58.4%
(nmol - L)
Testosterone 516 + 34 244 + 31 233 + 40 271 + 54
(nmol - L)
T:Cx1,000 448 + 66 728 =+ 10.3* 512 + 89 858 = 11.9%

Data are mean + SD. TC = Training Cessation (n = 7); RT = Reduced Training (n = 7).
Significant differences: ** P < 0.01 compared to T1; " P < 0.05 compared to TC.

Discussion

The present study indicates that performing a 5 week period of RT in a group
of elite kayakers is an effective strategy to minimize the large declines in
cardiorespiratory and kayaking performance parameters that take place when
training is completely stopped for an equivalent period of time. In addition, a period of
short-term detraining such as the one used in this study seems to enhance the
body’s anabolic state by drastically decreasing resting cortisol levels and moderately
increasing testosterone concentrations in both RT and TC groups. Although the RT
approach used in this study seemed to be more effective than complete TC to limit
the magnitude of declines in aerobic power and endurance capacity, our results show
that performing only two short, moderate-intensity endurance training sessions per
week during 5-wk is not a sufficient stimulus to prevent significant declines in aerobic
performance in highly trained athletes. In line with the results of our study, previous
research indicated that maintaining a sufficiently high training intensity during periods
of RT and tapering is of paramount importance in order to retain training adaptations
(Neufer 1989).

The declines in maximal aerobic power observed in the TC group (-11%) were
similar to those found by other studies that examined highly trained athletes using
similar short-term TC periods (Coyle et al. 1984; Godfrey et al. 2005; Martin et al.
1986; Petibois and Déléris 2003). By contrast, performing two weekly endurance

training sessions at moderate intensity (~80% VO2max) allowed athletes from the RT
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group to significantly reduce the decrease in VO,max levels experienced by their TC
counterparts. This finding is in agreement with those found by other authors who also
studied changes in physiological parameters of well trained athletes following periods
of markedy reduced training. Thus, following a complete training season, Neufer et
al. (1987) found that 4-wk RT (one-third of habitual daily training volume performed in
three weekly sessions) allowed competitive swimmers to preserve part of the residual
training effects on maximal aerobic power, something that they could not accomplish
with only one session per week. Additionaly, Hickson et al. (1982) showed that it is

possible to maintain VO,max levels with up to a two-third reduction in training volume.

Our RT approach did not prevent a significant decline in VO, at VT2 (-5.7%),
although this was lower than that experienced by the TC group (-8.8%). These
findings are similar to those of Godfrey et al. (2005) who found declines of ~5% in
VO, at lactate threshold following 8-wk of TC in a male Olympic champion rower.
Similarly, Galy et al. (2003) showed that a 6-wk RT period of low volume and
intensity of training was enough to maintain VO,max levels but not to avoid significant

decreases in VO, at VT2 in a group of well trained triathletes.

Fractional utilization of maximal aerobic power, a valid criteria to evaluate
aerobic capacity, remained unchanged in both TC and RT groups, likely due to the
proportional declines in both VO,nax and VO, at VT2 during the 5-wk detraining

period, a finding that is in accordance with the observations of Godfrey et al. (2005).

The increases of ~3% found in HRyr2 in the TC group are similar to those
observed in other studies following periods of TC in well trained subjects (Coyle et al.
1986; Houmard et al. 1992; Madsen et al. 1993). Nevertheless, HRnax and HRyt2 in
our RT group remain unchanged at T2. The increase in submaximal HR following
periods of TC seems to be related to the body’s attempt to maintain cardiac output
during exercise, and to counterbalance reductions in stroke volume (Coyle et al.
1984; Mujika and Padilla 2000a; 2000b; Mujika and Padilla 2001).

The fact that [La]peak remained unchanged following both TC and RT is
consistent with that described by Marles et al. (2007), who found no changes in [La
Jpeak following 6-wk of RT in recently trained subjects. Other published results have
showed that LDH activity increases following TC periods (Claude and Sharp 1991;
Costill et al. 1985; Neufer et al. 1987).
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There is very little information in the literature about the effects of TC or RT
strategies on kayaking performance parameters during post-season recovery
periods. Although our RT strategy was able to avoid significant declines in PSpax, it
did not prevent decreases close to 4.5% in PSyr,. Madsen et al. (1993) found that
time to exhaustion at 75% of VO,nax decreased 21% following 4-wk of RT in well
trained subjects. Similarly, following 2-wk of TC, Houston et al. (1979) reported that
time of effort at a submaximal intensity decreased by 25%; while Petibois and Déléris
(2003) found reductions in maximal aerobic velocity (~20%) following 5 wk of TC in

highly trained rowers.

In the present study, SRmax and SRy, increased significantly only in the TC
group, findings that are well in agreement with the observations made by Issurin et
al. (1986), who reported increases in stroke rate during a long tapering phase in top-
level kayakers. Adittionally, Neufer et al. (1987) detected significant increases in SR
at submaximal and maximal intensities following RT in competitive swimmers. The
increases in SR observed in the present study may be due to declines in
neuromuscular performance as a consequence of the 5-wk detraining period. Thus, it
is likely that a paddler’'s force-generating capacity in each stroke was impaired, this
resulting in the need to increase stroke rate in order to maintain the required power
output and/or boat speed. However, the significant increases in SRnax and SRyr2
experienced by the TC group were not sufficient to compensate for the supposed
neuromuscular impairment and PSnax, PSvrz and PW.x decreased to a greater
extent in the TC compared to the RT group.

Although the RT strategy allowed to maintain a number of the residual training
effects in the present study, Pwnax and Pwyt, demonstrated a significant decline
following both RT and TC. These decreases in paddling power indicate that one
resistance and two endurance training sessions per week at moderate intensity were

clearly insufficient to maintain specific paddling performance in elite kayakers.

Following the detraining period, resting testosterone concentration
demonstrated a non-significant increase in the TC (13%) and RT (16%) groups.
Alternatively, cortisol levels decreased significantly in both groups (30%). As a result,
the T:C ratio drastically increased (Table 2). All these changes in resting hormonal
balance following the short-term detraining period are clearly indicative of an

increased androgenic-anabolic activity (Kraemer and Ratamess 2005), and seem to
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be related to the body’s reaction to combat the catabolic processes induced by the
high levels of physical and mental stress placed upon these top-level athletes during
the precedent season. The T:C ratio at T2 was significantly higher in the RT
compared to the TC group, again suggesting the convenience of incorporating some
maintenance training stimuli in the post-season break to avoid the development of
catabolic conditions (i.e. muscle atrophy) or to further enhance the body’s anabolic
environment. The observed increases in testosterone, T:C and reduction in cortisol
are in agreement with the results reported by Hortobagyi et al. (1993) following 14-d
of inactivity. By contrast, other researchers detected no changes in resting
concentrations of testosterone, cortisol or T:C ratio following 4-12 wk of TC
(Hakkinen et al. 1985; Izquierdo et al. 2007; Kraemer et al. 2002). This suggests that
the hormonal response following detraining periods appears to be related to the
athletes’ initial level of conditioning and total time under reduction or cessation of
training stimuli. Albeit measurement of only resting serum hormonal concentrations
have their limitations, they have been used extensively in resistance training
research (Kraemer and Ratamess 2005), especially in those studies monitoring
athletes’ training during the off- and competitive seasons. Moreover, we are aware
that although the T:C ratio has been a commonly used marker to indicate a potential
anabolic or catabolic state in relation to performance, it appears to be an

oversimplification (Izquierdo et al. 2006).

Conclusion

In conclusion, a RT strategy comprised of one resistance and two endurance training
sessions per week at moderate intensity was effective to attenuate the adverse
detraining effects observed following complete training cessation in physiological and
kayaking performance variables such as VOomax, HRy12, T:C ratio, SRmax, SRvT2,
PSmax, PWmax, @and Pwyr, in top-level paddlers. With the ever-increasing number of
competitions and rigorous demands of modern sport at the elite level, performing a
minimal maintenance training program in the layoff between seasons seem to be an
appropiate measure to prevent athletes from experiencing an excessive loss of
aerobic performance, as well as to be able to regain fithess more easily in

subsequent training cycles.
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Key points

» Short-term (5-wk) training cessation in top-level athletes results in larger declines
in physiological and performance parameters when compared to a reduced
training approach.

* Following a competitive season in top-level athletes, both TC and RT strategies
reflect an increased androgenic-anabolic activity. A higher T:C ratio was observed
for the RT compared to the TC group..

 These results suggest the convenience of maintaining some reduced training
program during transition periods in an attempt to minimize decreases in

endurance performance between seasons.
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Abstract

Purpose : This study analyzed changes in neuromuscular, body composition and
endurance markers during 4-wk of tapering and subsequent 5-wk of reduced training
(RT) or training cessation (TC). Methods : Fourteen world-class kayakers were
randomly assigned to either a TC (n = 7) or RT group (n = 7). One-repetition
maximum (1RM) strength, mean concentric velocity with 45% 1RM (Vss%) in the
bench press (BP) and prone bench pull (PBP) exercises, and body composition
assessments were conducted at the start (TO) and end (T1) of a 43-wk training
program, after tapering for the World Championships (T2) and following TC or RT
(T3). A graded exercise test on a kayak-ergometer for determination of maximal
oxygen uptake at TO, T1 and T3 was also performed. Results : Following tapering, no
significant changes were observed in 1RM or Vys4. TC resulted in significantly
greater declines in 1RM strength (-8.9% and -7.8%, P < 0.05, respectively for BP and
PBP) than those observed for RT (-3.9% and -3.4%). Decreases in V459 in BP and
PBP were larger for TC (-12.6% and -10.0%) than for RT (-9.0% and -6.7%).
Increases in sum of eight skinfolds were observed after both TC and RT; whereas
declines in maximal aerobic power were lower for RT (-5.6%) than for TC (-11.3%).
Conclusion : Short-term training cessation results in large decreases in maximal
strength and, especially, V50 in highly-trained athletes. These results suggest the
need of performing a minimal maintenance program to avoid excessive declines in

neuromuscular function in cases where a prolonged break from training is required.

Key words : Training cessation; reduced training; maximal strength; muscle power;

canoeing.
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Introduction

A well-known and proven effective coaching strategy for improving sports
performance before main competition events is to incorporate a tapering phase of
significantly reduced training volume while the intensity is kept high (Gibala et al.
1994; Izquierdo et al. 2007; Mujika and Padilla 2000a; Mujika and Padilla, 2003;
Mujika et al. 2004). It is believed that the taper enhances performance by allowing
greater recovery (Gibala et al. 1994; Mujika and Padilla 2003; Mujika et al. 2004).
Thus, it has been previously reported that after a period of tapering, moderately
strength-trained subjects improved low velocity isokinetic strength performance of the
elbow flexors for at least 8 days (Gibala et al. 1994). Izquierdo et al. (2007) found
that 4-wk of tapering resulted in further increases for upper and lower body maximal
strength and muscle power following periodized training in strength-trained athletes.
Similarly, several studies that examined the effects of tapering in endurance athletes
have attributed gains in performance to increased levels of muscular force and power
(Hooper et al. 1998; Neary et al. 2003; Shepley et al. 1992; Trappe et al. 2000).

The incorporation of periods of 3-6 weeks of training cessation after the
conclusion of the main event of the season in order to allow physical and mental
recovery before the start of a new training cycle is a common training practice in
many sports. In these situations, training reduction is generally preferred over
complete exercise stoppage since it seems to be more effective to avoid the negative
impact of insufficient training stimuli on athletic performance (Mujika and Padilla
2000b). The magnitude of performance declines observed after detraining periods
appears to be related to the chosen recovery strategy (i.e. reduced training, RT; or
complete training cessation, TC), initial fithess level, and total time under reduced or
absence of training stimuli (Mujika and Padilla 2000a; 2000b; Mujika and Padilla
2001).

Current research seems to indicate that neuromuscular performance is more
susceptible to decline as a consequence of detraining in highly-trained athletes
compared to recently or moderately-trained individuals (Izquierdo et al. 2007; Mujika
and Padilla 2001). Thus, in experienced, strength-trained athletes pronounced
decreases in maximal dynamic strength in typical weight-training exercises such as
bench press (9%), squat (10-12%) and leg-extension (12%) have been reported after
4-8 wk of TC (Hakkinen et al. 1981; Hakkinen et al. 1985; Izquierdo et al. 2007);
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while in shorter periods of TC (2-wk) declines in muscle strength seem to be much
lower (Hortobagyi et al. 1993) or nonexistent (Houmard et al. 1993). By contrast, in
recently or recreationally-trained athletes, strength gains after short-term TC (4-6 wk)
seem more readily retained (Houston et al. 1983; Kraemer et al. 2002; Terzis et al.
2008). In addition, muscle power seems to be lost at a greater rate than strength
after detraining (Izquierdo et al. 2007; Kraemer et al. 2002; Neufer et al. 2007)
especially among highly-trained athletes, although increased maximal rate of force
development (Ishida et al. 1990) and phenotypic shift toward faster muscle
characteristics (Andersen et al. 2005; Trappe et al. 2000) consequent to detraining
have also been documented. To date, the majority of research that has studied the
neuromuscular changes induced by tapering and detraining has used previously
untrained or moderately-trained participants. However, little is known about the
consequences that a taper, and short-term detraining period subsequent to a
concurrent endurance and periodized heavy and explosive resistance training
program, could have on neuromuscular performance markers in highly-trained

strength and endurance athletes (e.g. Olympic kayakers).

Therefore, the aim of this study was to examine changes in selected
parameters of muscle strength and velocity at maximum power loads, body
composition and endurance performance brought about by a period of 5-wk of either
RT or complete TC subsequent to an initial training program of 43-wk and a 4-wk

tapering phase in a group of world-class kayakers.

Methods
Subjects

Fourteen male, elite flatwater kayak paddlers (including 10 finalists at World
Championships, and 2 Olympic gold-medalists) volunteered to take part in this study.
Characteristics of participants (mean = SD) were as follows: age 25.2 £ 2.5 yr, body
mass 84.0 £ 5.5 kg, height 1.81 + 0.04 m; training experience 11.1 + 2.7 yr, annual
paddling volume 4,415 + 374 km. Paddlers had at least two years of familiarization
with the testing procedures used in this investigation, and all were part of the same

squad (i.e. Spanish Canoeing National Team). The study was approved by the
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Bioethics Commission of the University of Seville, and written informed consent was

obtained from athletes prior to participation.

Study design

Subsequent to a full season (43-wk) of combined strength and endurance training,
subjects completed a 4-wk tapering phase (TAP) in order to maximize performance in
the Flatwater Racing World Championship, which had been established as their main
objective of the season. A 5-wk detraining phase (DTR) immediately followed this
event. During DTR subjects either fully discontinued any kind of physical training (TC
group) or performed only one resistance training and two endurance training
sessions per week (RT group). Athletes were matched for body mass, training
experience and one-repetition maximum (1RM) strength in the bench press (BP) and
prone bench pull (PBP) exercises and randomly assigned to either RT (N =7) or TC
(N = 7) groups. Participants reported to the laboratory on four separate occasions in
order to assess the selected physiological and performance parameters (Fig. 1). 1RM
strength, velocity at 45% 1RM load and body composition assessments were
conducted right before the start of the season (wk-0; TO), at the beginning of TAP
phase (wk-44; T1), the week corresponding to the World Championship (wk-47; T2),
and finally after the DTR phase (wk-53; T3). A maximal graded exercise test on the

kayak ergometer was conducted at TO, T1 and T3.

WORLD CHAMPIONSHIP

43-wk combined strength and endurance training 4-wk tapering S-wk detraining

(TCor RT)
TO ™ T2 T3
GXT, 1RM, V5, BC GXT, 1RM, Vg, BC  1RM, V54, BC GXT, 1RM, Vg, BC

Fig. 1. Study design including calendar of testing. TC: Training Cessation; RT: Reduced
Training; GXT: maximal graded exercise test; 1RM: one-repetition maximum strength test;
V50 Velocity with 45% 1RM test; BC: body composition assessment.
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Training intervention

From wk-1 to wk-43, paddlers undertook an exercise program of combined strength
and endurance training, under the guidance and supervision of professional canoeing
coaches. Strength training was structured into 4 periodized cycles of 10-12 wk,
during which three types of strength training phases were sequentially applied:
hypertrophy (8-10 repetitions, 4-5 sets, 70-75% 1RM loading intensity, 2-min inter-set
rests); maximal strength (3-4 repetitions, 3-4 sets, 85-90% 1RM, 4-min inter-set
rests); and maximal power (5-8 repetitions, 4-5 sets, 45%-60% 1RM, 4-min inter-set
rests). Five main exercises were used: BP, PBP, shoulder press, pull-ups and squat.
Training to repetition failure was deliberately avoided, and paddlers were constantly
encouraged to perform each repetition at maximal concentric velocity. In maximal
power training sessions each set was terminated when mean velocity decreased by
more than 10% of the fastest repetition’s mean concentric velocity. Total strength
training volume during these 43-wk amounted to: 37.8 £ 2.6 h, 42 + 3 sessions, 840 +
60 sets and 7,560 * 540 repetitions for hypertrophy; 41.8 + 3.3 h, 38 *+ 3 sessions,
608 + 48 sets and 2,492 + 197 repetitions for maximal strength; and 30.0 + 1.1 h, 30
+ 2 sessions, 450 £ 30 sets and 2,475 = 165 repetitions for maximal power.
Endurance training was structured into 3 cycles of 11-22 wk duration. Actual
endurance training volume was 249.8 + 13.2 h at paddling speeds corresponding to
75-90% VO3zmax, 35.7 + 2.2 h between 90-105% VO;max, and 7.1 £ 0.6 h above 105%
VO2max and required athletes to paddle 60-130 km (10-15 sessions) per week.

TAP consisted of 4-wk of progressively lowering training volume while
increasing intensity. During this phase, subjects completed two strength training
sessions per week: a) one maximum strength session with 90-95% 1RM (3-4RM)
loads, 2-4 repetitions per set, and 2-3 sets per exercise; and b) one maximal power
training session with 45% 1RM (BP, PBP) or 60% 1RM (squat) loads, 5-8 repetitions,
and 3-4 sets. Exercises during TAP were limited to BP, PBP and squat. Total
strength training volume was 2.6 £ 0.3 h, 34 + 2 sets and 108 + 4 repetitions for
maximal strength; and 2.4 £ 0.2 h, 38 £ 5 sets and 198 + 34 repetitions for maximal
power. Furthermore, athletes performed 5-10 endurance paddling sessions per
week, in which priority was given to high-intensity exercise while progressively
reducing volume up to 50% of habitual training values. Actual time devoted to

endurance training during TAP was 14.3 + 0.6 h at paddling speeds corresponding to
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75-90% VOomax, 4.2 £ 0.1 h between 90-105% VO,max and 1.5 + 0.3 hours above
105% VO2max, in addition to the three competition days at the end of this phase.

Lastly, during DTR, the TC group fully discontinued any kind of physical
training during the following 5-wk, while the RT group performed only one resistance
training and two endurance training sessions per week. During this period there was
no control over the athletes’ diet. The resistance training session performed by the
RT group comprised 3 sets of 10 repetitions with each athlete’s 70-75% 1RM (10-
12RM) load in the BP, PBP and squat exercises, using 3-min pauses between sets.
The endurance training consisted of only two 40-min moderate-intensity (~80%
VO2max) aerobic running and paddling sessions, respectively. On the four remaining

weekdays no physical training of any kind was performed.

Testing

Testing was completed on three consecutive days: body composition and maximal
graded exercise test on the kayak ergometer (day 1), 1 RM strength (day 2) and
velocity at 45% 1RM assessment (day 3). The same warm-up procedures and
protocol for each type of test were repeated on subsequent occasions. Testing was
performed at the same time of the day (10-12 h) and under similar environmental
conditions (20-22°C and 55-65% humidity). The test-retest intraclass correlation
coefficients for all variables measured in this study were greater than 0.93, with

coefficients of variation ranging from 0.9% to 3.3%.

Body composition

Anthropometric measurements included: standing height, body mass, skinfold
thicknesses (triceps brachii, subscapular, suprailiac, abdominal, anterior thigh,
medial calf, supraspinale and biceps brachii), and were performed by the same
experienced investigator in accordance with guidelines from the International Society
for the Advancement of Kineanthropometry (2006). Body fat percentage and fat-free

mass were estimated using Carter and Yuhasz’ formula (1984).
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Maximal graded exercise test

After a 5-min warm-up at a speed of 9 km-h™, subjects completed an incremental
paddling test to volitional exhaustion on a kayak ergometer (Dansprint ApS,
Denmark). The first stage was set at a speed of 11.5 km-h™ and the speed increment
was 0.5 km-h each minute. Each kayaker was allowed to freely adjust his stroke
rate as needed. Paddlers were strongly encouraged to give maximal effort and to
complete as many stages as possible. Breath-by-breath gas analysis was conducted
throughout using an automated Jaeger Oxycon Pro system (Erich Jaeger, Germany)
calibrated prior to each testing session. VO,nax Was defined as the average of the
single highest four consecutive 15-s VO, values attained towards the end of the test.

Maximal strength and velocity at maximum power loads assessments

Testing procedures can be found elsewhere (Garcia-Pallarés et al. 2009). Briefly,
1RM was determined in the BP and PBP exercises using free weights. These were
chosen because they are the most used resistance training exercises in the sport of
canoeing and are useful to assess strength and power in the opposing upper-body
muscle actions of pushing and pulling. The heaviest load that each athlete could
properly lift in a purely concentric action was considered to be his 1RM. On the
following day, mean velocity with 45% of 1RM load (Vasse) Was assessed for both
exercises. This was chosen since it has been shown to be very close to the load that
maximizes the average mechanical power output for upper-body resistance
exercises (Baker et al. 2001; Cronin and Sleivert 2005). Paddlers performed 2 sets of
3 repetitions with 45% 1RM, using a 5-min pause between sets. Mean velocity was
determined by means of a linear position transducer (MuscleLab, Ergotest
Technology, Oslo, Norway). The mean velocity of the three best repetitions for each

athlete was registered as Vs.

Statistical analysis

Standard statistical methods were used for the calculation of mean values and
standard deviations (SD). A 2 x 4 factorial analysis of variance was performed in
order to evaluate absolute changes in selected variables between time points (TO,

T1, T2 and T3) and between groups (TC and RT). Effect sizes (ES) for changes in
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the TC and RT groups between T3 and T2 time points were calculated as the
difference between the means divided by the average standard deviation for the two

groups. Significance was accepted at the P < 0.05 level.

Results

No significant differences were observed at TO between TC and RT groups in any of
the following variables: body mass, fat-free mass, training experience, VOzmax, 1RM

strength in BP and PBP, or Vs in BP and PBP exercises.

Body Composition

Changes in body composition are reported in Table 1. Significant decreases (P <
0.05) were observed at T1 in sum of eight skinfolds for TC and RT groups. After TAP,
a further but non-significant decrease in sum of eight skinfolds was observed in both
TC (-4.9%) and RT (-5.3%) groups when comparing T2 and T1. At T3, no significant
changes were observed in body mass in any group compared with T2; whereas
significant increases (P < 0.05) were observed in sum of eight skinfolds for both TC
(22.8%, ES = 3.12) and RT (23.2%, ES = 2.75). After DTR, no significant differences
between groups were found in the magnitude of changes in sum of eight skinfolds;
while significant group X time interaction was observed for fat-free mass, with a
significantly larger (P < 0.05) magnitude of decrease for TC (-3%, P < 0.05)
compared to RT (-0.1%, n.s).
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Change Change Change
TO T1 TO-T1 T2 T1-T2 T3 T2-T3
(%) (%) (%)
Body mass (kg) 856 + 5.8 850 + 5.4 -0.7 852 + 58 0.2 85.0 £ 45 -0.2
o haLfreemass g4, 4 27 759 £ 29 20 765 + 29 08 742 + 28° 30
(ko)
(Sr:]‘m)ss"'”fo'ds 723 £ 51 590 + 44* -184 561 + 40 -49 689 + 42" 228
Body mass (kg) 86.7 + 49 847 + 55 23 843 + 48 -05 867 + 46 2.8
gy LaUffeemass g 4 29 760 £ 29 03 761 + 27 02 762 + 27" 01
ko)
(Sr;’m)gs"'”fo'ds 701 + 45 568 + 43* -190 538 + 45 -53 663 + 46° 232

Data presented as mean + SD. Skinfolds: triceps brachii, subscapular, suprailiac, abdominal,
anterior thigh, medial calf, supraspinale and biceps brachii.
TC: Training Cessation group (N = 7); RT: Reduced Training group (N = 7); TO = wk-0, start
of the season; T1 = wk-44, beginning TAP phase; T2 = wk-47, World Championship week;

T3 = wk-53, right after detraining.
Significant differences: * when comparing T1 to TO; * T3 to T2; " higher than TC at respective

time point. P < 0.05.

Muscle strength

Significant increases (P < 0.05) in 1RM strength and Vs, were observed in BP and

PBP exercises for both TC and RT groups, when comparing T1 with TO (Fig. 2A). At

T2, following TAP, no significant changes were observed in 1RM strength or Vgsy

values for any group. After DTR, significant group x time interaction was observed for

1RM strength, with a significantly larger (P < 0.05) magnitude of decrease for the TC
group (-8.9% and -7.8%, P < 0.05, ES = -1.81 and -1.98, respectively for BP and
PBP) than that observed for the RT group (-3.9% and -3.4%, n.s., ES = -0.67 and -
0.87 ). Decreases in V459 in BP and PBP exercises after DTR were larger for TC (-
12.6% and -10.0%, ES = -2.15 and -1.67 respectively) than those observed for RT (-
9.0% and -6.7%, ES = -1.67 and -0.67). No significant differences between groups

were observed in the magnitude of changes in Vs, (Fig. 2B).
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Fig. 2. Time course of changes in one-repetition maximum (1RM) strength (A), and velocity
attained with 45% 1RM (B) in the bench press and prone bench pull exercises. TC: Training
Cessation group (N = 7); RT: Reduced Training group (N = 7). Data presented as mean *
SD. Significant differences: * when comparing T1 to TO; T3 to T2; " higher than TC at
respective time point (P < 0.05).

Maximal aerobic power

At T1, significant increases (P < 0.05) in VOynax Were observed for both TC (8.8%,
from 63.5 to 69.1 mL-kg*-min?) and RT (8.3%, from 63.2 to 68.5 mL-kg* -min™)
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when comparing with TO. After DTR, significant group x time interaction was
observed for VO,nmax With a significantly larger (P < 0.05) magnitude of decrease for (-
11.3%, from 69.1 to 61.3 mL-kg*-min™, P < 0.05, ES = -2.36) compared to RT (-
5.6%, from 68.5 to 64.6 mL-kg™*-min™, n.s., ES = -1.28). Time course of changes in

VO2max Values, adjusted to account for fat-free mass, are shown in Fig. 3.
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Fig. 3. Time course of changes in VO,n. Values adjusted to account for fat-free mass. TC:
Training Cessation group (N = 7); RT: Reduced Training group (N = 7). Data presented as
mean + SD. Significant differences: * when comparing T1 to TO; T3 to T2; " higher than TC
at respective time point (P < 0.05). Changes from TO to T1, and T1 to T3 for both groups are
reported in parentheses.

Discussion

This study examined the effects of a pre-competition taper (4-wk) and subsequent
detraining period (5-wk) on neuromuscular, body composition and endurance
performance changes in a group of world-class athletes whose sport (i.e. Olympic
sprint kayaking) requires very high levels of both muscle strength and aerobic power.

We have recently reported (Garcia-Pallarés et al. 2009) that a periodized training
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program can be effectively used for simultaneously developing the different fitness
components of strength and aerobic endurance in elite kayakers, yet there is a
paucity of literature on the effects that typical tapering and/or short-term detraining
periods could have on neuromuscular and performance markers for this type of top-
level athletes. The main findings of the present study were that a period of 5-wk of
markedly reduced training in a group of elite athletes seems effective for minimizing
the large declines in strength levels that take place by completely stopping physical
training for an equivalent period of time, as well as for maintaining fat-free mass
close to habitual levels. However, velocity at 45% 1RM, although slightly better
retained in the RT compared to the TC group, was more difficult to maintain when no
specific training stimuli were provided. The 4-wk taper was effective for maintaining
maximal strength and Vuse , but not to further increase them. These data indicate
that although both the RT and the TC groups decreased performance between T2
and T3, training cessation induces larger neuromuscular declines than those found

after a reduced training strategy.

With the ever-increasing number of competitions and rigorous demands of
modern sport at the elite level, experiencing an excessive loss of neuromuscular
function during the layoff between seasons could have undesired detrimental
consequences for the athletes’ performance in subsequent training cycles.
Furthermore, the reduced volume of training usually performed in the preceding
precompetition tapering could add up to the aforementioned loss of physical
conditioning. For top-level athletes, the present investigation has shown that
significant strength is lost (8.9% and 7.8% declines in 1RM values for BP and PBP,
respectively) after 5 wk of complete training cessation. By contrast, performing only
one weekly resistance training session allowed the RT group to reduce by more than
half the magnitude of maximal strength declines (3.9% for BP and 3.4% for PBP)
(Fig. 2A). The non-significant loss of maximal strength after TAP (~2% for both
groups and exercises) can likely be explained by the greatly reduced volume of
strength-training during the full 4-wk duration of the taper by these already highly
conditioned and muscular athletes. The 1RM strength decreases observed for the TC
group following DTR were similar to those found by other authors in experienced,
strength-trained athletes after 4-wk detraining: 10% for squat (Hakkinen and Komi
1993), 9% for BP and 6% for half-squat (Izquierdo et al. 2007). Longer periods of TC
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(8-wk) seem to result in more pronounced declines in strength, as found by Hakkinen
et al. (1981) who reported 11.6 and 12.0% decreases for squat and knee-extension
exercises, respectively. However, after shorter periods of detraining, muscle strength

declines were minimal (Hortobagyi et al. 1993; Houmard et al. 1993).

Vase, experienced significant reductions after the 5-wk of detraining, but
remained unchanged after TAP. It seems therefore that the tapering period used in
the present study was effective for maintaining velocity at maximal power loads levels
but not to further increase their magnitude, a finding in agreement with that reported
by Izquierdo et al. (2007) after a similar 4-wk taper. In the TC group, Vs decreased
by 12.6% and 8.3% in the BP and PBP exercises, respectively (Fig. 2B). Although
somewhat lower, these declines were also notably significant (9.2% for BP and 6%
for PBP) for Vuse, in the RT group. The finding that detraining results in a larger
reduction in muscle power than maximal strength has already been reported
(Izquierdo et al. 2007; Kraemer and cols. 2002; Neufer et al. 1987) and suggests that
very specific stimuli (i.e. ‘power training’) may be necessary to maintain maximal
power levels in these highly-trained elite athletes. Thus, it can be further speculated
that muscle power may be much more rapidly lost than maximal strength in elite
athletes. These detraining-induced declines in neuromuscular performance detected
in top-level athletes are similar to those described by Fry et al. (2006), who also
found significant decreases in weight-trained athletes at the neuromuscular level
after inducing overtraining. These data seem to emphasize the importance of
establishing the optimal training load in each training phase when devising effective

periodization schemes for highly trained athletes.

The increases in sum of eight skinfolds (~23%) observed after DTR for both
groups are larger than those described in the literature for well-trained athletes after
2-6 wk of TC (Table 1) (Hortobagyi et al. 1993; Izquierdo et al. 2007; Terzis et al.
2008). These differences may be attributable to several factors: the lacking (TC) or
insufficient (RT) aerobic endurance stimuli during the detraining period; the very low
levels of fat registered for the kayakers at the major event of the season (T2); and the
absence of control over the athletes’ diet during DTR. The observed fat-free mass
losses of 3% after TC are in line with results from previous studies (Allen 1989;
Héakkinen et al. 1981) that detected decreased muscle mass after 6-8 wk of training

stoppage. Unlike the TC group, fat-free mass remain unchanged in the RT group

107



Jesus Garcia Pallarés

(Table 1), thus supporting the use of some form of maintenance training during
periods of detraining.

Of considerable interest was the fact that declines in VOznax after DTR were
much lower for the RT group (-5.6%), that performed only two maintenance
endurance exercise sessions per week, than for the TC group (-11.3%) that
completely discontinued endurance training for 5-wk. When expressing VOzmax
values relative to fat-free mass (Fig. 3), the results similarly showed the effectiveness
of the RT program. This finding may suggest the convenience of maintaining some
reduced endurance stimuli during transition periods in an attempt to minimize losses

in endurance performance.

In conclusion, our results support previous research showing that short-term
training cessation results in larger decreases in muscle strength and power in
resistance- and endurance-trained top-level athletes compared to a reduced training
approach. Moreover, muscle power appears particularly susceptible to detraining in
highly-conditioned athletes, being lost at a faster rate than maximal strength. These
results may suggest the need of a minimal maintenance program of reduced training
to avoid excessive declines in neuromuscular function and fat-free mass in cases

where a prolonged break (longer than 2-3 wk) from training is required.
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Resumen

Este estudio se llevd a cabo para analizar los cambios en las variables
cardiorrespiratorias y neuromusculares de un grupo de kayakistas de élite durante
un ciclo periodizado con entrenamiento concurrente de fuerza y resistencia. Once
kayakistas de elite mundial se sometieron a una bateria de test en cuatro ocasiones
durante el ciclo de entrenamiento (TO, T1, T2 y T3). En cada ocasion lo sujetos
completaron un test incremental maximal hasta el agotamiento en kayak ergbmetro
para determinar el consumo maximo de oxigeno (VOzmax), €l segundo umbral
ventilatorio (VO,VT2), acido lactico pico en sangre, velocidad de paleo en VOgomax
(Vmax), velocidad de paleo en VT2 (Vyr2), frecuencia de paleo en VOonmax Y €n VT2,
asi como la frecuencia cardiaca en VOomax ¥ €n VT2. Se realizaron test de una
repeticion maxima (1RM) y de velocidad media de desplazamiento ante el 45% del
1RM (Vass%) en los ejercicios de Press Banca (PB) y Dorsal Remo (DR). También se
establecieron las mediadas antropométricas (pliegues cutaneos y perimetros
musculares). El volumen y la intensidad de entrenamiento fueron cuantificados para
cada una de las tres fases de entrenamiento (F1, F2 and F3). Se observaron
aumentos significativos en el VOzmax (9.5%), VOVT2 (9.4%), Vmax (6.2%), Vvt
(4.4%), 1RM en PB (4.2%) y en DR (5.3%), V5% €n PB (14.4%) y en DR (10.0%) al
comparar T3 con TO. En resumen, doce semanas de entrenamiento concurrente de
fuerza y resistencia, con especial atencion para priorizar el desarrollo secuencial de
unos componentes especificos del rendimiento fisico en cada una de las fases (es
decir, hipertrofia muscular y VT2 en la F1; fuerza maxima y potencia aerébica en la
F2), parece ser efectivo para la mejora del rendimiento deportivo, tanto a nivel

cardiorrespiratorio como neuromuscular, en palistas de alto nivel.

Palabras clave : Entrenamiento concurrente, entrenamiento de fuerza,
entrenamiento de resistencia, rendimiento aerdbico, piraglismo, valoracion,

periodizacion.

117



Jesus Garcia Pallarés

Introduccion

Generalmente es aceptado por los entrenadores y cientificos del deporte que para
maximizar las adaptaciones fisiologicas y para evitar el sobreentrenamiento es
necesario un adecuado manejo de las diferentes variables que definen el programa
de entrenamiento (principalmente intensidad, frecuencia y volumen de
entrenamiento). Esto se hace especialmente importante en aquellos deportes donde
es necesario el desarrollo simultaneo de fuerza y resistencia para optimizar el
rendimiento deportivo (por ejemplo en la especialidad del piraglismo). Debido a que
el entrenamiento de fuerza y resistencia producen distintos, e incluso a menudo
opuestos, mecanismos adaptativos (Nader 2006; Sale y cols. 1990a), el desarrollo
combinado de ambos componentes en el mismo régimen de entrenamiento puede

desencadenar en un conflicto de adaptaciones neuromusculares.

Este conflicto potencial se ha denominado “fendmeno de interferencia” y fue
descrito en un primer momento por Hickson (1980), quién observo conflictos en las
adaptaciones de la fuerza cuando la resistencia y la fuerza se desarrollaban de
forma combinada. Sin embargo, los resultados de investigaciones posteriores han
sido dispares, con estudios cuyos resultados concuerdan con las aportaciones de
Hickson (Bell y cols. 2000; Craig y cols. 1991; Dudley y Djamil 1985; Hennessy y
Watson 1994; Kraemer y cols. 1995) y otros que cuestionan la naturaleza de esas
interferencias (Hakkinen y cols. 2003; Hunter y cols. 1987; McCarthy y cols. 1995,
2002; Sale y cols. 1990a). Diversos factores como el nivel inicial de rendimiento,
tipos de ejercicios, volumen, intensidad y frecuencia de entrenamiento, distribucién
de las sesiones y la seleccion de las variables dependientes pueden influir en el nivel
de interferencia y por lo tanto explicar los resultados contradictorios de estos
estudios (Docherty y Sporer 2000; Leveritt y cols. 1999; Sale y cols. 1990a). Un
examen detallado de las investigaciones existentes sobre esta tematica, parecen
indicar que el volumen, y en especial la frecuencia de entrenamiento, puede jugar un
papel vital en la adaptaciones con el entrenamiento concurrente (Hakkinen y cols.
2003; Izquierdo y cols. 2005; McCarthy y cols. 2002).

Por ejemplo, la mayoria de los estudios determinaron que el entrenamiento
concurrente Unicamente perjudicod las mejoras de fuerza cuando la frecuencia de

entrenamiento era mayor de 3 dias a la semana (Dudley y Djamil 1985; Hennessy y
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Watson 1994; Hickson 1980; Hunter y cols. 1987; Kraemer y cols. 1995). Los
mecanismos neuromusculares relacionados con el desarrollo de potencia y fuerza
explosiva parecen verse mas afectados por el entrenamiento simultaneo de fuerza 'y
resistencia (Dudley y Djamil 1985; Hakkinen y cols. 2003; Hennessy y Watson 1994;
Kraemer y cols. 1995). Sin embargo, la mayoria de las investigaciones de
entrenamiento concurrente apoyan la idea de que el entrenamiento simultdneo de
fuerza y resistencia no altera la capacidad del organismo de adquirir adaptaciones
de resistencia (Docherty y Sporer 2000; Hickson y cols. 1988). Por otro lado,
diferentes estudios han concluido que la inclusién del entrenamiento de fuerza en la
preparacion de atletas de resistencia bien entrenados tiene resultados beneficiosos
para el rendimiento de resistencia (Hickson y cols. 1988; Mikkola y cols. 2007; Millet
y cols. 2002). No obstante, la cuestion de cual es la mejor secuencia para las
sesiones de entrenamiento sobre diferentes objetivos en el desarrollo simultaneo de

fuerza y resistencia, sigue siendo complejo y no se ha resuelto satisfactoriamente.

Existen algunas evidencias que apoyan que los programas de fuerza
periodizados pueden producir mayores ganancias de fuerza que los no periodizados
(Fleck 1999; Willoughby 1993). Los modelos no lineales u ondulatorios, en los que
cortos periodos de tiempo con alto volumen de entrenamiento son alternados con
cortos periodos de alta intensidad de entrenamiento, han sido disefiados para
optimizar las ganancias de fuerza (Baker y cols. 1994). Desafortunadamente, existe
muy pocos estudios en la literatura cientifica que exploren los efectos del
entrenamiento periodizado en deportes con altas demandas de fuerza y resistencia,
y menos aun que hayan empleado atletas de élite como sujetos experimentales. En
base a los hallazgos de investigaciones previas (Docherty y Sporer 2000; Leveritt y
cols. 1999, 2000; Sale y cols. 1990b; Sporer y Wenger 2003) se escogié para esta
investigacién una estructura de entrenamiento periodizado con objeto de minimizar
las posibles interferencias en el entrenamiento simultaneo de fuerza y resistencia.
Por lo tanto, la propuesta de este estudio fue analizar los efectos que produjeron 12
semanas de un programa periodizado con entrenamiento concurrente de fuerza y
resistencia sobre los parametros cardiorrespiratorios y neuromusculares, en un

grupo de kayakistas de elite mundial.
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Método
Muestra

Once hombres palistas de elite mundial (todos ellos finalistas de Campeonatos del
Mundo, incluidos dos campeones olimpicos) tomaron parte de forma voluntaria en
este estudio. La media (DE) de las caracteristicas de los participantes fue la
siguiente: edad 26.2 (2.8) afos; altura 1.83 (0.07) m; masa corporal 86.2 (5.2) kg;
experiencia en el entrenamiento12.4 (2.1) afos; volumen de paleo anual 4220 (354)
km. Todos los sujetos tenian al menos 3 afios de familiarizacion con los
procedimientos de valoraciéon empleados en la investigacion, y todos ellos siguieron
sus respectivas rutinas de entrenamiento bajo la estricta supervision de
entrenadores y cientificos del deporte de la Real Federacion Espafiola de

Piraglismo.

No se detectaron limitaciones fisicas o lesiones musculoesqueléticas que
pudieran afectar el entrenamiento. Los kayakistas se sometieron a un examen
meédico completo (incluido electrocardiograma) que mostré0 que todos estaban en
buen estado de salud. Esta investigacion, que se llevo a cabo bajo las directrices de
la declaracién del Helsinki, fue aprobada por el Comité de Bioética de la Universidad
de Sevilla, y se obtuvo un consentimiento informado de todos los sujetos

participantes antes de comenzar la investigacion.

Entrenamiento previo

Antes de comenzar la fase experimental, todos los participantes completaron una
fase de transicion de 5 semanas durante la cual no realizaron ningun tipo de
entrenamiento de paleo o entrenamiento de fuerza y Unicamente realizaron alguna

actividad recreativa a baja intensidad.

Disefio experimental y secuencia de valoraciones

Todos los participantes siguieron el mismo programa durante las 12 semanas del
estudio. Los palistas fueron convocados en el laboratorio en cuatro ocasiones
diferentes (TO, T1, T2 y T3) a lo largo de la intervencion con objeto de evaluar las

variables cardiovasculares, neuromusculares y antropométricas seleccionadas. Las
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valoraciones se llevaron a cabo en tres dias consecutivos: antropometria y test
incremental maximal en kayak ergbmetro (dia 1), una repeticion maxima (1RM) (dia
2) y test de potencia (dia 3). Los palistas no realizaron esfuerzos extenuantes las 24
horas previas a la realizacion de los test. Se repitieron los mismos procedimientos de
calentamiento y protocolos en todas las valoraciones, y todos los test se realizaron a
la misma hora del dia (10-12h) y bajo similares condiciones ambientales (20-22 °C y
55-65% de humedad). En un estudio piloto, la fiabilidad inter-test para la medicion
del VOzmax, VO2VT2, y la frecuencia cardiaca a nivel del VO;nax S€ evaluo realizando
dos test incrementales a 12 kayakistas junior de nivel internacional en kayak
ergébmetro con una separacion de 3 semanas. No se encontraron diferencias
significativas en las medidas estudiadas durante estas 3 semanas. El coeficiente de
variacion para el VOomax, VT2 y la FChax S€ mantuvieron entre 3.2 y 5.1%. El
coeficiente de correlaciéon interclase para todas las variables de fuerza/potencia
analizadas en este estudio fueron mayores de 0.93 y el coeficiente de variacion

oscilo entre 0.9 y 2.9%.

Para el disefio de esta investigacion no se propuso un grupo control ya que no
podria considerarse ético. La retencion de estimulos importantes de entrenamiento

podria ser perjudicial para el progreso deportivo del atleta (Kraemer 2005).

Antropometria

Las medidas antropométricas practicadas fueron: talla, masa corporal, pliegues
cutdneos (triceps, subescapular, suprailiaco, abdominal, muslo anterior, pierna
medial, supraespinal y biceps braquial), y diametros musculares (toracico,
antebrazo, muslo y pierna), y fueron medidos por el mismo investigador
experimentado de acuerdo a las directrices de la International Society for the
Advancement of Kineanthropometry (ISAK). La talla se midié con una precision de
0.1 cm, durante una inhalacion maxima, y la masa corporal se establecié con una
precision de 0.1 kg empleando una bascula calibrada (Seca 714, Hamburg,
Germany); los pliegues cutaneos y los perimetros musculares se midieron,
respectivamente, con un plicometro (precision de 0.2 mm) y una cita métrica
inextensible (1 mm) (Holtain Ltd., UK).
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Test incremental maximal

Tras 5 minutos de calentamiento a una velocidad de 9 km-h', los sujetos
completaron un test incremental de paleo hasta el agotamiento en un kayak
ergometro (Dansprint ApS, Denmark). El primer escalon del test se completo a 11.5
km-h?, y la velocidad se incrementé 0.5 km-h™* cada minuto. Cada sujeto adapté
libremente la frecuencia de paleo (FP) a sus necesidades, y se registro
continuamente su evolucion durante el test con un frecuencidmetro (Interval 2000,
Nielsen-Kellerman, USA). La frecuencia cardiaca (FC) se monitorizé6 empleando un
pulsémetro telemétrico estandar (S610i; Polar Electro Oy, Finland) y se tomaron
registros cada 5 segundos. Se alent6é a los palistas a realizar el maximo esfuerzo
voluntario y completar el mayor nimero posible de escalones del test. La prueba se
dio por concluida cuando: a) el sujeto detuvo el paleo voluntariamente por
extenuacion, o b) por incapacidad de mantener la velocidad requerida. Se realizdé un
analisis de gases respiracion a respiracion empleando para ello un analizador de
gases Jaeger Oxycon Pro system (Erich Jaeger, Germany). Se calibré el analizador
de gases usando una mezcla de gases 4.95% C0,-95.05% N, (BOC Gases, Surrey,
UK), y el sensor de volumen usando una jeringa de calibracién 3-L. Se determino el
segundo umbral ventilatorio (VT2) empleando el método V-slope (VCO,-VO,), asi
como a través del método de los equivalentes ventilatorios (Ve-VO,! y Ve-VCO,™) y
la presion del O, y CO; al final de la fase espiratoria (PETO, y PETCO,). Dos
observadores independientes realizaron las determinaciones del VT2. En caso de
discrepancia, un tercer observador realizé la determinacién. El VOomax se definid
como la media de los cuatro valores consecutivos mas elevados de VO, hacia el
final de la prueba. Se determinaron las siguientes variables para cada palista: FC en
VO2max (FCmax), FC en VT2 (FCyrz), FP en VOzmax (FPmax), FP en VT2 (FPyrp),
velocidad de paleo en VT2 (VyT2) Yy velocidad aerébica maxima (Vmax), definida como
la velocidad del ultimo escalén completado durante el test incremental. Se tomaron
muestras de sangre capilar para cada palista en el |6bulo de la oreja durante la
recuperacion del test (minutos 1, 3, 5, 7, 10 y 12) para determinar la concentracion
pico de acido lactico ([Lalyico), empleando para ello un analizador de lactato (LF20;
Dr. Lange, France).
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Valoracion de la fuerza dinamica maxima y la potencia muscular

Se estableci6 el 1RM en Press Banca (PB) y en dorsal remo (DR) con peso libre.
Ambos ejercicios fueron escogidos porque son los ejercicios tipicos de
entrenamiento de fuerza en piraglismo, y son dos ejercicios Utiles para valorar la
fuerza y potencia en las acciones musculares de empuje y traccion del tren superior.
El calentamiento consisti6 en 5 minutos de pedaleo en bicicleta estatica a baja
intensidad, a continuacion realizaron 5 minutos de estiramientos y ejercicios de
movilidad articular del tren superior. Tras 3 minutos de recuperacion, realizaron en
cada ejercicio (PB y DR) una serie de 6 repeticiones con una carga del 60% del 1RM
estimado, y otra serie de 2-3 repeticiones con la carga del 80% del 1RM estimado. A
partir de ese momento, cada sujeto realizd 3-5 intentos de una repeticion maxima
con 5 minutos de pausa entre repeticiones hasta que su 1RM pudo ser establecido
con una precision de 2.5 kg. Tras dos intentos fallidos ante una misma carga el test
se dio por concluido. La carga mas pesada que cada sujeto pudo levantar, sin

ningun tipo de ayuda externa, fue considerada su 1RM.

El dia siguiente (dia 2) se evalu6 en ambos ejercicios la velocidad media de
la fase concéntrica con el 45% del 1RM establecido previamente (V4sy). Esta carga
coincide con la resistencia que maximiza la potencia mecanica media para ejercicios
del tren superior (Cronin y Sleivert 2005; Izquierdo y cols. 2002). Tras realizar el
mismo calentamiento, los palistas realizaron dos series de tres repeticiones con la
carga del 45% del 1RM, recuperando 5 minutos entre series. La velocidad media de
la fase concéntrica fue medida por un trasductor lineal de posicion (MuscleLab,
Ergotest Technology, Oslo, Norway). La V450, Se definié como la velocidad media de
las tres mejores repeticiones de cada sujeto. En el ejercicio de press banca los
sujetos se tumbaron en posicion decubito supino en un banco plano, con los pies en
el suelo y con las manos agarrando la barra con una separacion ligeramente
superior a la anchura e hombros (5-7 cm). Tras descender la barra hasta el pecho, el
sujeto empujoé la barra a la maxima velocidad voluntaria hasta la extension completa
de los codos. No se permitié rebotar la barra en el pecho o levantar los hombros o el
tronco del banco. En el ejercicio de dorsal remo los palistas se tumbaron en posicién
decubito prono en un banco plano elevado. La fase de traccibn comenz6 con ambos
codos en completa extensién, con una separacion entre en el agarre de manos

sobre la barra ligeramente superior a la anchura de hombros (4-5 cm). Los sujetos
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fueron instruidos en traccionar de la barra a la maxima velocidad voluntaria, hasta
gue la barra impactase en el banco a la altura de su pecho, tras lo cual la barra

descendia lentamente hasta la posicion de partida.

Programa de entrenamiento periodizado

El ciclo de entrenamiento se dividio en tres fases de entrenamiento consecutivas.
Las fases uno (F1: desde TO a T1) y dos (F2: desde T1 a T2) tuvieron una duracion
de cinco semanas, mientras que la fase final (F3: desde T2 a T3) tuvo una duracion
de dos semanas. Se escogid un objetivo de entrenamiento de fuerza y otro de
resistencia para priorizar sobre ellos el trabajo en cada fase: F1, VT2 e hipertrofia
muscular; F2, potencia aerobica y fuerza maxima; y F3, puesta a punto, distribucion
del esfuerzo y ritmo de competicion. Los test se realizaron en la primera semana de
cada fase (TO, T1 y T2) y de nuevo en la semana 13, tras concluir el programa de
entrenamiento (T3). Los palistas entrenaron diariamente, a excepcion de un dia de
descanso completo a la semana. Las sesiones de entrenamiento de fuerza se
dispusieron preferentemente con anterioridad a las sesiones de resistencia; cuando
esto no fue posible, se establecid suficiente tiempo de recuperacion (6-8 h) antes de
comenzar la sesiones de entrenamiento de fuerza. La implicacién de todos los

deportistas con los requerimientos del entrenamiento fue excelente.

Entrenamiento de resistencia

Se identificaron tres zonas de entrenamiento de acuerdo con la intensidad del
esfuerzo: zona 1 (Z1), baja intensidad, por debajo del VT2: zona 2 (Z2), intensidad
moderada, entre VT2 y el 90% del VO.max; Y la zona 3 (Z3), alta intensidad, entre el
90% del VOzmax Yy €l 100% del VOzmax. NO se realizo a lo largo del estudio ningun
estimulo de entrenamiento de intensidad superior al VO,max. En la Tabla 1 se
muestra las caracteristicas de los métodos de entrenamiento de resistencia para
cada una de las zonas de intensidad. La contribucion relativa de cada zona de
entrenamiento al volumen total fue marcadamente diferente (Fig. 1). El volumen y la
intensidad de entrenamiento se cuantificaron cuidadosamente para cada sesion de
entrenamiento durante las 12 semanas que durd el ciclo de entrenamiento. Las

principales variables empleadas para monitorizar el entrenamiento de resistencia
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fueron; tiempo empleado (horas) y distancia cubierta (km) para el volumen; y
frecuencia cardiaca y velocidad de paleo para la intensidad. La distancia y la
velocidad se registraron por medio de un receptor de GPS (Garmin 201, Garmin Ltd.,
USA). El tiempo total dedicado al entrenamiento de resistencia fue de 52.7 + 1.9 h en
F1,495+15henF2y 215 £0.8 h en F3. Se realizaron entre 10-15 sesiones de

entrenamiento de resistencia semanales.

Tabla 1. Descripcion de los métodos de entrenamiento de la resistencia empelados
para cada zona de intensidad.

Volumen de Tiempo de L .
Zona de . : - . Recuperacion  Intensidad
: entrenamiento  Series  Repeticiones trabajo :
Intensidad X . (min) (%VO2max)
(min) (min)

Z1 70 - 120 1 1-3 20 -90 1-3 70%-80%

Z2 40 - 90 1-4 1-10 5-20 1-4 80%-90%

Z3 20 - 60 2-5 4-8 1-8 2-8 90%-100%

100- &1 00/0&\\. \ B Z1

(£ 22

o)
T

N z3

D
T

IS
T
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1

Volumen Relativo de Entrenamiento de Resistencia (%)

F1 F2 F3
Fase de Entrenamiento

Fig. 1. Contribucion relativa de cada zona de intensidad al volumen total de entrenamiento
completado en cada fase. Z1: baja intensidad, por debajo del VT2; Z2: intensidad moderada,
entre el VT2 y el 90% del VO, Z3: alta intensidad, entre el 90% y el 100% del VOmax-
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Entrenamiento de fuerza

El tipo de ejercicios, el porcentaje de 1RM, el nUmero de series y repeticiones, asi
como los tiempos de recuperacion entre series fueron diferentes en cada una de las
fases de entrenamiento (Tabla 2). Los palistas realizaron tres sesiones de
entrenamiento de fuerza semanales durante todo el ciclo. Se evitd alcanzar la
repeticion del fallo en todas las series de entrenamiento de hipertrofia y fuerza
maxima, y se motivd constantemente a los palistas para que realizasen la fase
concéntrica de cada repeticion a la maxima velocidad voluntaria, sin atender a la
carga que estaba siendo levantada. La fase excéntrica siempre se realizé de forma
controlada y lenta. En las sesiones de entrenamiento de potencia maxima, cada
serie se dio por concluida cuando la velocidad media descendia por debajo del 10%
de la mejor repeticion (la repeticion con la fase concéntrica mas rapida). En todas las
sesiones de entrenamiento de fuerza se registré el volumen usando la carga total
levantada (kg) y el nimero de repeticiones completadas. La intensidad se evaluo
como el porcentaje de 1RM, y como la velocidad media de la fase concéntrica
medida por el trasductor lineal de posicion. Todas las sesiones de entrenamiento
fueron supervisadas por entrenadores profesionales con varios afios de experiencia
en el entrenamiento de piraguistas. El volumen total de entrenamiento de fuerza fue
15.6 £ 0.8 h'y 2,430 + 42 repeticiones durante F1, 13.2 + 0.7 h y 660 + 13 durante
F2,y 8.4 +0.5hy520 + 14 repeticiones durante F3. La contribucién relativa de cada

tipo de entrenamiento al volumen total de cada fase se muestra en la Fig. 2.

Tabla 2. Tipos y caracteristicas de los entrenamientos de fuerza.

L . - Carga .
Ejercicios Series Repeticiones (%1RM) Recuperacion
Press Banca, Dorsal Remo,
Hipertrofia Sentadilla, Press de Hombros, 4-5 8-10 70%-75% 2 min
Dominadas
Fu,er'za Press Banca, Dorsal Remo, 3.4 3.4 859%-90% 4 min
Maxima Sentadilla
Pqte_nma Press Banca, Dorsal Remo 4-5 5-8* 45% 4 min
Maxima
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Fig. 2. Contribucion relativa de cada tipo de entrenamiento de fuerza al volumen total de
entrenamiento en cada fase.

Anélisis Estadistico

Se emplearon métodos estadisticos estandar para el célculo de los valores medios y
de las desviaciones estandar (DE). Se aplicé el test de Kolmogorov—Smirnov para
determinar la naturaleza de la distribucion de los datos. Una vez confirmada una
distribucion normal se empledé una ANOVA de medidas repetidas para evaluar los
cambios en las variables estudiadas a lo largo de las 12 semanas del periodo de
entrenamiento (TO-T1-T2-T3). Se llevo a cabo el test Tukey post hoc para identificar
la fuente de cualquier diferencia significativa. En todo caso, se considerd un nivel de

confianza de P < 0.05.
Resultados
Cambios Antropométricos

Los cambios en las medidas antropométricas se muestran en la Tabla 3.
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Tabla 3. Cambios en las variables antropométricas durante las 12 semanas del

programa de entrenamiento.

TO T1 T2 T3
Masa Corporal (kg) 86.0 £+ 44 88.1 £+ 48 859 + 45 85.6 + 4.6
Sumatorio de 4 pliegues (mm) 35.5 + 2.9 340 + 23 29.0 + 21 343 + 23°
Sumatorio de 8 pliegues(mm)  67.4 = 5.1 63.5 + 43 535 + 3.9° 638 + 45
Perimetro del muslo (cm) 564 + 1.8 582 + 1.6 576 + 1.6 57.3 + 1.8
Perimetro toracico (cm) 105.2 + 3.8 109.2* + 3.9 1075 + 34 1071 + 3.9
Perimetro del antebrazo (cm) 286 = 1.1 293 £ 11 289 + 13 287 + 11
Perimetro de la pierna (cm) 36.0 £ 0.7 37.2 £ 09 370 £ 1.0 37.0 £+ 0.9

Los datos se presentan como media + DE

* Diferencia significativa (P < 0.05) al comparar TOy T1
* Diferencia significativa (P < 0.05) al comparar T1y T2
£ Diferencia significativa (P < 0.05) al comparar T2y T3
44 Pliegues: triceps, subescapular, supraespinal, abdominal

®8 Pliegues: 4 pliegues + biceps, suprailiaco, muslo anterior, pierna medial

Cambios en las variables cardiorrespiratorias y de resistencia

El VOomaxaumentdé un 3.5% de TOa T1 (P = 0.063) y un 5.3% de T1 a T2 (P < 0.05),
mientras que no se detectaron diferencias significativas en el VO,nax entre T2 y T3.
El VO,VT2 aumentd significativamente entre TO y T1 (12.4%, P < 0.05) pero

descendio significativamente entre T1 y T2 (-4.3%). El VT2(%VO2max) aumento

significativamente de TO a T1 (8.6%, P < 0.01), mientras que descendi6é un -9% (P <
0.01) al comparar T1y T2. La Vmax mejoré en T1 (2.1%, P < 0.05), T2 (2.0%, P =

0.068) y T3 (2.0%, P < 0.05). No se detectaron cambios significativos para el resto

de variables analizadas (FCmax, FCvr2, FPmax, FPv12, ¥ [Lahico) (Tabla 4; Fig. 3).
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Tabla 4. Cambios en las variables cardiovasculares y de resistencia durante las 12
semanas del programa de entrenamiento.

T0 T1 T2 T3
Vimax (km-h™) 145 + 0.3 148 + 0.2* 1511 + 0.3 15.4 + 0.2%7
Vit (km-h?) 13.6 + 0.2 139 + 0.2* 141 + 0.2 14.2 + 0.3'
[LaTpico (Mmol-L™) 125 + 3.3 11.8 + 25 12.8 + 2.2 13.0 + 2.8
FCrmax (latidos-min™) 194 + 8 188 + 8 189 + 10 189 + 7
FCvr, (latidos-min) 175 + 7 172 + 7 171 + 6 172 + 6
FPna (paladas-min?) 104 + 5 101 + 9 101 + 7 103 + 8
FPyr, (paladas-min') 88 + 4 84 + 6 85 + 5 85 + 7
Los datos se presentan como media £ DE
* Diferencia significativa (P < 0.05) al comparar TOy T1
£ Diferencia significativa (P < 0.05) al comparar T2y T3
" Diferencia significativa (P < 0.05) al comparar TOy T3

BoRNTIOT2 T3
100

VO, (mL-kg'-min™)

40

El  NNEEGETEE O N\NEEGEEEE NN
VO5ax VO,VT2 VT2 (%VO,nax)

Fig. 3. Cambios en el VO,ma, VOVT2 y VT2(%VOsna) durante las 12 semanas del
programa de entrenamiento. Los datos se presentan como media + DE.

*Diferencias significativas entre TOy T1

“Diferencias significativas entre T1y T2

"Diferencias significativas entre TOy T3

Cambios de fuerza y potencia
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De TO a T1, el 1RM mejord significativamente (9.7 y 7.7 % para el PB y el DR
respectivamente, P < 0.01), mientras que la V54 Se mantuvo estable en ambos
ejercicios. Entre T1 y T2, no se detectaron cambios significativos en los valores de
1RM, mientras que la Vs, mejord con tendencia a la significacion (5.3%, P = 0.077
para el PB y 4.6%, P = 0.082 para el DR). Entre T2 y T3, los valores de 1RM
descendieron significativamente un -4.6 y un -4.5% (P < 0.05) para el PB y el DR
respectivamente. Simultaneamente, la Vs mejord significativamente (P < 0.01) un
11% en PB y un 7.1% en DR. Al comparar los resultados de TO con T3 para estas
variables, se detectaron mejoras significativas (P < 0.05) en el 1RM en PB (4.2%) y
en DR (5.3%) También se detectaron aumentos significativos (P < 0.001) en la V4so
en PB (14.4%) y en DR (10%) (Fig. 4).
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Fig. 4. Cambios en el 1RM (a) y en la Visy (b) en los ejercicios de press banca y de doral
remo durante las 12 semanas del programa de entrenamiento. Los datos se presentan como
media * DE.

*Diferencias significativas entre TOy T1

EDiferencias significativas entre T2y T3

"Diferencias significativas entre TO y T3
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Discusion

Este estudio detalla los cambios en las variables de resistencia, antropométricas y
de fuerza relacionados con el rendimiento de kayakistas de élite durante 12
semanas de un ciclo de entrenamiento periodizado. Los resultados obtenidos por
esta investigacion son importantes y unicos debido al nivel internacional de los
atletas, las elevadas demandas de fuerza y resistencia de su disciplina deportiva, asi
como por la escasez de este tipo de estudios en la literatura cientifica. El principal
hallazgo de esta investigacion fue que un ciclo de 12 semanas de entrenamiento
periodizado fue efectivo para producir adaptaciones positivas tanto en las variables
de fuerza como en las de resistencia, mostrando que es posible llevar a cabo un

desarrollo simultaneo de estas capacidades en relativamente cortos periodos de

tiempo y en sujetos de alto nivel de rendimiento.

Estudios previos han determinado que la aplicacibn de una estructura
periodizada de entrenamiento puede ser el mejor opcion para minimizar las
interferencias en el desarrollo simultaneo de la fuerza y resistencia (Baker 2001;
Docherty y Sporer 2000). Sin embargo, el conocimiento sobre cual puede ser la
estructura ideal de estas periodizaciones en deportes que requieren el desarrollo de
ambos componentes del rendimiento fisico (fuerza y resistencia) es escaso. De
acuerdo con el modelo propuesto por Docherty y Sporer (2000), en el presente
estudio se decidi6 priorizar el desarrollo los diferentes componentes del rendimiento
fisico de forma secuencial en cada una de las fases de entrenamiento, por lo que las
posibles interferencias en el desarrollo simultdneo de fuerza y resistencia podrian
ser minimizadas. En patrticular, el programa de entrenamiento periodizado empleado
en esta investigacion evitd deliberadamente combinar el entrenamiento de hipertrofia
muscular (el objetivo de entrenamiento en la F1) y el de potencia aerobica (el
objetivo de resistencia en la F2), ya que se ha comprobado que ambos métodos de
entrenamiento producen prioritariamente adaptaciones fisiol6gicas opuestas a nivel
periférico, e impiden al organismo un desarrollo 6ptimo y simultaneo de ambos
componentes del rendimiento (Leveritt y cols. 1999). Asi, mientras que el
entrenamiento de hipertrofia produce aumentos de la sintesis de proteinas
contractiles en el masculo, causando un considerable estrés metabdlico y hormonal
a nivel celular, el entrenamiento de potencia aerobica produce aumentos de la

capacidad oxidativa del musculo (Docherty y Sporer 2000; Sale y cols.1990a). Por
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otro lado, el entrenamiento aerdbico de baja intensidad (75-85% del VOzmax),
empleado normalmente para la mejora del VT2, puede producir mayores
adaptaciones centrales de las que se pueden esperar menores interferencias con los
meétodos de entrenamiento de fuerza via hipertrofia muscular (F1). El citado modelo
también predice menores interferencias entre el entrenamiento de fuerza maxima o
maxima potencia mecanica y el entrenamiento de potencia aerébica (F3), ya que el
estimulo de entrenamiento para el aumento de la fuerza muscular puede ser dirigido
principalmente al sistema nervioso (aumento de la frecuencia de estimulo, cambios
en la sincronizacion, aumento de del umbral de reclutamiento de unidades motoras,
etc.), y no requieren una elevada demanda metabdlica en el masculo. Por lo tanto,
parece que la manipulacién de la intensidad de entrenamiento de cada fase de la
preparacion es de vital importancia para evitar las posibles interferencias en el

desarrollo simultaneo de fuerza y resistencia (Docherty y Sporer 2000).

A pesar de que el volumen total de entrenamiento de resistencia fue similar en
las dos primeras fases de 5 semanas (52.7 h en F1 y 49.5 h en F2), la intensidad de
entrenamiento fue marcadamente diferente. Mientras en F1 la mayor parte del
volumen de entrenamiento se llevo a cabo para mejorar el VT2 (57% del tiempo total
de entrenamiento sobre Z2), en la F2 se priorizé el desarrollo de la potencia aerdbica
(44% del tiempo total de entrenamiento sobre Z3). Esta especificidad del
entrenamiento parece ser la responsable de los cambios producidos en las variables
cardiorrespiratorias durante cada una de las fases de entrenamiento. El VO,VT2 fue
la variable que mayores incrementos del rendimiento alcanzé durante F1 (12.4%),
mientras que el VO,max Se incrementd de forma especialmente importante durante la
F2 (5.3%) (Fig. 3). Los valores medios de VO,max de 68.1 mL-kg™* min™ alcanzados
tras las 12 semanas de entrenamiento son significativamente mayores que las
obtenidas en estudios previos (en un rango de 54—60 mL-kg™*-min™) llevados a cabo
por otros autores con kayakistas de alto nivel y empleando ergometria y protocolos
de valoracion similares a los descritos en esta investigacion (Bishop y cols. 2002; Fry
y Morton 1991; Tesch y cols. 1983; Van Someren y Oliver 2002). Aunque el
entrenamiento de resistencia llevado a cabo en F1 no fue orientado especificamente
al desarrollo de la potencia aerébica (Fig. 1), los aumentos significativos en el VOzmax
de un 3.5% tras esta fase de entrenamiento (Fig. 3) puede ser debida a que los

palistas se encontraban en un nivel de rendimiento especialmente bajo
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consecuencia de la fase de transicion previa de 5 semanas. Las mejoras obtenidas
en el VOonax de un 5.3% en F2, se alcanzaron tras los incrementos del tiempo
dedicado al entrenamiento de la potencia aerébica, pasando de 5.3 a 21.8 h sobre la
Z3. Los cambios observados en el VOzmax €n tan solo 12 semanas de entrenamiento
(9.5% de incremento al comparar TO y T3; Fig 3) son de magnitud similar a los
descritos en el unico estudio longitudinal previo llevado a cabo con palistas de nivel
internacional (Tesch y cols. 1976), aunque esas mejoras se obtuvieron tras un

periodo significativamente mas largo de entrenamiento (8 meses).

De forma similar, la especificidad del entrenamiento de resistencia completada
sobre la zona de VT2 durante la F1 (57% del tiempo total de entrenamiento en Z2;
Fig. 1) produjeron importantes mejoras en el VO,VT2 (12,4%). Durante la F2,
coincidiendo con una importante reduccion del tiempo de entrenamiento sobre la Z2
(Unicamente 32%), los valores de VO,VT2 descendieron significativamente un -
4.3%, mientras que no se detectaron cambios en esta variable durante la F3. Por
otro lado, una vez concluidos las 12 semanas del ciclo de entrenamiento, los valores
VT2(%VO2max) fueron idénticos a los de partida (80.5%), a pesar de que el VO,VT2
fue significativamente mayor (aument6 de 50.1 a 54.8 mL-kg™-min* de TO a T3)

(Fig. 3).

Las variables estrechamente relacionadas con el rendimiento especifico en el
paleo como la Vmax Y la Vy12, aumentaron de forma similar y progresiva a lo largo de
todo el ciclo de entrenamiento, hasta alcanzar mejoras del 6.2 y 4.4% entre TOy T3,
respectivamente (Tabla 4). Es destacable que la Vmax mejoré de 15.1 a 15.5 km h™
en las dltimas dos semanas (F3), durante la fase de puesta a punto. La
concentracion media de acido lactico detectada al final del test incremental en kayak
ergémetro (13.0 + 2.8 mmol L) es similar a los resultados encontrados en la
literatura (Bishop y cols. 2002; Tesch y cols. 1976; 1983) con valores comprendidos
entre 13—-16 mmol L™, en estudios llevados a cabo igualmente con kayakistas de alto

nivel.

Las mejoras en los valores de 1RM en el ejercicio de press banca (9.7%; Fig.
4), tras 5 semanas de entrenamiento de fuerza orientado a la hipertrofia muscular en
la F1, son similares a los descritos para este ejercicio en sujetos con entrenamiento
moderado tras similares rutinas de entrenamiento concurrente en jugadores de

baloncesto de categoria junior y jugadores de futbol (entre 5.2 y 9.6%) (Drinkwater y
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cols. 2005; 2007), o jugadores de balonmano (16%) tras 6 semanas de
entrenamiento (Marques y Gonzalez-Badillo 2006). Cabe destacar que los aumentos
de la fuerza dinAmica maxima se obtuvieron a pesar de que los aumentos de la
hipertrofia muscular durante estas 5 semanas fueron moderados, ya que Unicamente
el perimetro toracico mostré cambios significativos durante esta fase (Tabla 3). Las
grandes mejoras obtenidas en la Vs, durante todo el ciclo (11% en PB y 7% en DR)
ocurrieron principalmente durante la F3, donde el 80% del volumen total de
entrenamiento de fuerza se desting al trabajo con cargas de maxima potencia (Fig.
4). Durante la realizacion de este tipo de entrenamiento, el nimero de repeticiones
completadas en cada serie fueron cuidadosamente contraladas monitorizando la
velocidad de ejecucion en cada una de las repeticiones, y facilitando un feedback
inmediato al deportista. Cada serie de entrenamiento de potencia se dio por
concluida cuando la velocidad media de la repeticion descendi6 un 10% de la
velocidad registrada para la repeticion mas rapida en cada serie (Tabla 2). Esto hizo
posible obtener altos valores de potencia en unas pocas repeticiones por serie,
estrategia que ha sido sugerida por varios autores (Baker y Newton 2007; Izquierdo
y cols. 2006b; Tidow 1995) para la mejora de la potencia maxima en atletas de élite
altamente entrenados. Por el contrario, la fuerza dinAmica méxima descendio
considerablemente en F3 (-4.5% en ambos ejercicios; Fig. 4) a pesar de que el 20%
del total del entrenamiento durante esta fase se destind al método de fuerza maxima
(Fig. 2). Este hecho puede estar relacionado con la reduccién del volumen y la
intensidad de entrenamiento durante esta fase final de puesta a punto, y quizas
sugiera la necesidad de proponer estimulos de alta intensidad para mantener las
mejoras obtenidas en fuerza dindmica maxima en atletas de alto nivel. Los
resultados obtenidos en la fuerza dinamica maxima, unidos a los elevados valores
de VOomax Y VO2VT2 hallados en este estudio confirman los grandes requerimientos
de potencia aerbbica y de fuerza en las pruebas de piragiismo incluidas en el

programa olimpico.

A pesar de que el tiempo total dedicado al entrenamiento de resistencia fue tres
veces superior que el destinado al entrenamiento de fuerza, los valores de fuerza y
potencia mejoraron constantemente a lo largo del ciclo de entrenamiento. Unido a la
mencionada estrategia de priorizar el desarrollo de dos objetivos de la condicion

fisica en cada fase de entrenamiento (un objetivo de fuerza y otro de resistencia), las
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mejoras simultaneas en las variables de fuerza y resistencia observadas en el
presente estudio, pueden ser explicadas por otros factores que creemos han
ayudado a reducir las interferencias en el entrenamiento concurrente de fuerza y
resistencia. Entre ellos destaca el control del volumen de entrenamiento v,
especialmente, la limitacion a tres sesiones de entrenamiento de fuerza semanales.
Tal y como ha sido descrito en la introduccién, estudios previos que analizaron el
entrenamiento concurrente han demostrado que una elevada frecuencia de
entrenamiento de fuerza puede comprometer las ganancias a nivel neuromuscular.
Los resultados de esta investigacion también destacan la importancia del orden y la
secuencia de las sesiones de entrenamiento aerdbico y de fuerza, con objeto de
minimizar los posibles efectos de interferencia (Leveritt y cols. 1999; 2000; Sale y
cols. 1990b; Sporer y Wenger 2003). Por ello, una recuperacion insuficiente entre
sesiones de entrenamiento pueden limitar las adaptaciones simultaneas de fuerza y
resistencia. La fatiga residual de una sesion de resistencia aerdbica previa podria
provocar una disminucion de la calidad del entrenamiento en la sesién posterior de
fuerza, comprometiendo la capacidad del sistema neuromuscular para producir
fuerza (Leveritt y cols. 1999) y/o reducir el volumen absoluto de entrenamiento de
fuerza que pueda ser realizado en tales condiciones (Sale y cols. 1990b). Por lo
tanto, y siguiendo las indicaciones que esbozaron Sporer y Wenger (2003), en el
presente estudio se decidio programar las sesiones de fuerza antes que las sesiones
de resistencia o0, cuando no fuese posible, separar ambas sesiones de
entrenamiento al menos 6-8 horas para permitir una adecuada reposicion del

glucogeno muscular.

Otros dos aspectos determinantes que se introdujeron en el disefio del
programa de entrenamiento de fuerza fueron: a) evitar alcanzar la repeticion del fallo
en cada serie de entrenamiento y b) focalizar la atenciébn para realizar cada
repeticion a la méxima velocidad concéntrica posible. Estas iniciativas se basan en
los hallazgos de investigaciones previas (Cronin y Sleivert 2005; Folland y cols.
2002; lzquierdo y cols. 2006a), y tienen como principal objetivo maximizar las
adaptaciones en el componente neural de la fuerza, asi como para evitar inducir
excesiva fatiga o estrés metabdlico y mecanico en el deportista, que pudiera tener
una influencia negativa en la calidad de las sesiones posteriores de entrenamiento.

En el estudio de Sale y cols. (1990b), aunque detectaron aumentos similares de
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hipertrofia muscular al realizar el entrenamiento concurrente de fuerza y resistencia
en el mismo dia o en dia diferentes, las ganancias de fuerza fueron superiores al
realizar en el entrenamiento en dias diferentes. Por lo tanto, parece que las
adaptaciones neurales se ven perjudicadas cuando se combina el entrenamiento de
fuerza y resistencia dentro de una misma sesion, por lo que para optimizar el
rendimiento neuromuscular es necesario realizar el entrenamiento en un estado de
recuperacion de fatiga adecuado. Al igual que el entrenamiento concurrente de
fuerza y resistencia llevado a cabo en este estudio, el entrenamiento periodizado
puede beneficiar a los especialistas del kayak, canoa y remo en competiciones de
corta duracién, en cuyas programaciones se focaliza sobre el desarrollo de la fuerza
maxima y la maxima potencia muscular en fases concretas del ciclo de

entrenamiento.

En resumen, un ciclo de entrenamiento periodizado de doce semanas de
duraciéon, con entrenamiento concurrente de fuerza y resistencia, y con especial
atencion en priorizar el desarrollo de unos componentes concretos del rendimiento
fisico (hipertrofia muscular y VT2 en la F1; fuerza maxima y potencia aerobica en la
F2) parece ser efectivo para la mejora de las variables cardiorrespiratorias y

neuromusculares en atletas de elite mundial.
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Resumen

Este estudio analiza los cambios en las variables fisiologicas, hormonales y de
rendmiento en piraglismo tras una fase de 5 semanas de reduccion (RE) o de
cesion completa de entrenamiento (CE). Catorce kayakistas de elite mundial fueron
asignados aleatoriamente a los grupos de RE (n = 7) o CE (n = 7) al final de la
temporada de competiciones (T1). Se llevaron a cabo valoraciones de muestras
sanguineas y un test incremental maximal en kayak ergébmetro en Tl y tras 5
semanas de RE o CE (T2). El consumo maximo de oxigeno (VOzmax) Y €l consumo
de oxigeno en el segundo umbral ventilatorio (VT2) descensideron significativamente
en el grupo de CE (-10.1% y -8.8%, respectivamente). También se observaron
descensos significativos pero de menor magnitud en el grupo de RE (-4.8% vy -5.7%
respectivamente). La frecuencia cardiaca en VT2 mostré6 aumentos significativos en
el grupo de CE (3.5%). Sin embargo no se detectaron cambios en la frecuancia
cardiaca en VO2znax €n ningun grupo. La concetracion pico de acido lactico en sangre
se mantuvo sin cambios en ambos grupos en T2. La velocidad de paleo en VOgmax
descendio significativamente en T2 en el grupo de CE (-3.3%), mientrras que la
velocidad de paleo en VT2 descendi6 significativamente en ambos grupos (-5% vy -
4.2% para CE y RE, respectivamente). La frecuancia de paleo en VO,nax Y €n VT2
aumento significativamente el grupo de CE un 5.2% y un 4.9%, respectivamente. La
potencia de paleo en VOomax Y €n VT2 descendié significativamente en ambos
grupos, aungue los valores detectados tras el periodo de RE fueron superiores a los
obervados tras la CE. Se detecté un descenso significativo de los niveles de cortisol
(-30%) en ambos grupos, mientras que el grupo de RE expirementdé aumentos
superiores en el ratio testosterona / cortisol. Estos resultados indican que la
estrategia de RE puede ser mas efectiva que la completa CE para evitar excesisvos
descensos en la funcion cardiovascular y el rendmiento especifico en palistas de

elite mundial.

Palabras Clave : Desentrenamiento, potencia aerdbica, kayak, parametros de paleo,

perfil hormonal.

145



Jesus Garcia Pallarés

Introduccién

La periodizacion del entrenamiento en el deporte de alto nivel hace hincapié
en la necesidad de incorporar en el programa periodos de regeneracion tras la
conclusién de los eventos principales de la temporada. El objetivo de estas fases es
permitir una completa recuperacion fisica y mental del deportista antes de comenzar
un nuevo ciclo de entrenamiento (Bompa 1999; Issurin 2008). Sin embargo, no estan
claras las consecuencias que estas fases de recuperacion de 4-6 semanas pueden
tener sobre las variables fisiologicas y los parametros que condicionan el
rendimiento especifico en deportistas de élite. La magnitud de los descensos del
rendimiento detectados tras los periodos de desentrenamiento parecen estar
relacionados con la estrategia de recuperacion escogida (reduccion o cesion
completa de entrenamiento), el nivel de rendimiento actual, y el tiempo total bajo la
influencia de estos periodos de reduccién o ausencia de estimulos de entrenamiento
(Mujika y Padilla 2000a; 2000b).

Los periodos de recuperacion del entrenamiento se caracterizan en primer
lugar por una alteracién y descenso del rendimiento del sistema cardiorrespiratorio y
metabdlico durante el esfuerzo (Mujika y Padilla 2001). De acuerdo a los datos
descritos en la literatura, la CE produce una rapida reduccion de la potencia
aerobica, detectandose descensos del VOzmax entre el 6 y el 14% tras 3-6 semanas
de CE en sujetos con gran experiencia en el entrenamiento (Coyle y cols. 1984;
Martin y cols. 1986; Petibois y Déléris 2003), mientras que periodos mas cortos de
CE han producido descensos menos acusados (Houmard y cols. 1992; Houston y
cols. 1979). Por el contrario, en sujetos con poca experiencia en el entrenamiento,
los efectos residuales del entrenamiento parecen ser retenidos con mayor facilidad.
En esta misma linea, no se detectaron cambios significativos en el VOomax tras 3
semanas de CE (Moore y cols. 1987) o leves descensos (~7%) tras 4-6 semanas de
CE (Hansen y cols. 2004; Marles y cols. 2007) en sujetos poco entrenados. Los
descensos observados en la potencia aerdbica tras periodos de cesion completa de
entrenamiento parecen estar relacionados en los descensos de los parametros
cardiorrespiratorios basicos como la volemia, el gasto cardiaco, volumen de
eyeccion y la ventilacién voluntaria maxima (Cullinane y cols. 1986; Martin y cols.
1986).
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El tejido musculo-esquelético no es una excepcion es estos efectos del
desentrenamiento. La reduccion en la densidad capilar (Houston y cols. 1979), la
capacidad oxidativa (Mujika y Padilla 2001), la seccion trasversal media de la fibra
(Bangsbo and Mizuno 1988), la actividad EMG (Hakkinen y cols. 1981), la diferencia
arterio-venosa del VO, (Coyle y cols. 1984), asi como cambios en los tipos de fibras
(Larsson y Ansved, 1985) se han descrito en deportistas tras periodos de CE.

Con animo de reducir los efectos negativos que la ausencia de estimulos de
entrenamiento pueda tener sobre el rendmiento deportivo, se han propuesto
estrategias de reduccién de entrenamiento (periodos durante los cuales el volumen
y/o la intensidad se reducen significativamente) como alternativa a la cesion
completa del entrenamiento, especialmente en deportistas de alto nivel (Mujika y
Padilla 2000a; 2000b; Neufer y cols. 1987). No obstante, existe escasez de
informacion sobre los efectos que tiene la RE en los parametros fisiolégicos vy el
rendimiento deportivo. Un nimero limitado de investigaciones (Hickson y cols. 1982;
Neufer y cols. 1987) han llevado a cabo estudios para determinar los efectos del
desentrenamiento con estrategias de reduccion de entrenamiento. Estos estudios
muestran que es posible reducir drasticamente el volumen y/o la frecuencia de
entrenamiento durante cuatro semanas y mantener los niveles de VOzmax. Sin
embargo, aungque una unica sesion semanal de alta intensidad de 35 minutos fue
efectiva para mantener el VO,max €n un grupo de deportistas bien entrenados en
resistencia, la capacidad aerdbica (definida como el tiempo maximo hasta el
agotamiento al 75% del VO,nax) descendié un 20% tras 4 semanas de este tipo de

entrenamiento (Madsen y cols. 1993).

Por otra parte, generalmente es aceptado que el entrenamiento y competicion
en el deporte de alto nivel induce un considerable estrés del sistema
neuroendocrino. La interaccion de los porocesos anabdlicos y catabdlicos que tienen
lugar como consecuancia del esfuerzo fisico y la recuperacion, jugan un papel vital
en las adaptaciones fisiolégcas al entrenamiento (Kraemer y Ratamess 2005). Se ha
observado como cortos periodos de CE o RE han incrementado las concentraciones
de hormonas anabdlicas (ej. testosterona, hormona del crecimiento) y descensos en
las catabdlicas (ej. cortisol), posiblemente relacionada con la habilidad del organismo
para luchar contra los procesos catabolicos y mejorar la reconstruccion tisular

(Hortobagyi y cols. 1993). No obstante, no esta clara la respuesta del sistema
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hormonal en deportistas de alto nivel, y en especialidades con grandes
requerimientos de fuerza y resistencia como el piragliismo olimpico, tras periodos de
CE o RE.

Para nuestro conocimiento, no existen estudios que hayan comparado los
efectos de las estrategias de CE y RE sobre las variables fisiologicas y de
rendimiento en deportistas de élite durante los periodos de recuperacion entre
temporadas. Por lo tanto, el objetivo de este estudio fue examinar los cambios
fisioldgicos, hormonales y de rendimiento tras 5 semanas de reduccion o de cesion

completa de entrenamiento en un grupo de kayakistas de élite mundial.

Método

Catorce hombres palistas de elite mundial (todos ellos finalistas de Campeonatos del
Mundo, incluidos dos campeones olimpicos) tomaron parte de forma voluntaria en
este estudio. La media (DE) de las caracteristicas de los participantes fue la
siguiente: edad 25.2 (2.5) afos; altura 1.81 (0.04) m; masa corporal 84.2 (5.5) kg;
experiencia en el entrenamiento 11.1 (2.7) afos; volumen de paleo anual 4415 (374)
km. Todos los sujetos tenian al menos 2 afios de familiarizacion con los
procedimientos de valoracion empleados en la investigacion, y todos ellos
pertenecian al mismo equipo (Equipo Nacional Espafiol de Piraglismo). Este
estudio, que cumplié con la Declaracion de Helsinki, fue aprobado por el Comité de
Bioética de la Universidad de Sevilla, y para el cual se obtuvo un consentimiento
informado de los deportistas antes de comenzar la investigacion.

Entrenamiento previo

Todos los palistas realizaron una temporada completa de entrenamiento (47
semanas) que culminé con el Campeonato del Mundo de Aguas Tranquilas. Durante
este periodo, los palistas completaron un programa periodizado de entrenamiento
combinado de fuerza y resistencia, bajo la supervision de entrenadores de
piraglismos experimentados. El volumen de entrenamiento de fuerza durante estas
47 semanas ascendié a: 37.8 £ 2.6 h, 42 + 3 sesiones, 840 + 60 series y 7,560 + 540
repeticiones de hipertrofia; 44.4 + 3.2 h, 42 + 3 sesiones, 642 + 46 series y 2,600 *

199 repeticiones de fuerza maxima; y 32.4 £ 1.1 h, 34 + 2 sesiones, 488 * 29 series
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y 2,673 * 158 repeticiones de potencia maxima. El entrenamiento de resistencia se
estructur6 en 3 ciclos de 11-22 semanas de duracién. El volumen total de
entrenamiento fue de 264.1 + 12.7 h a la velocidad de paleo correspondiente al 75-
90% VO2max, 39.9 £ 2.0 h entre 90-105% VOmax, ¥ 8.6 £ 0.6 h por encima del 105%
VOomax- LOS atletas completaron entre 60-130 km (10-15 sesiones de paleo) a la

semana.

Disefio Experimental

Todos los sujetos realizaron un test incremental maximal y hasta el agotamiento 25
dias antes de comenzar el Campeonato del Mundo (T1), con objeto de evitar
cualquier tipo de interferencia en la preparacion de los palistas para esta
competicion, la mas importante de la temporada. Igualmente, se tomaron muestras
de sangre 5 dias antes del comienzo del campeonato. Se repitieron las mismas
valoraciones 5 semanas después de la conclusién del Campeonato del Mundo (T2).
Una vez concluida la competicion, cada participante se asigno aleatoriamente a los
grupos de reduccion de entrenamiento (RT; n = 7) y de cesion de entrenamiento
(CE; n = 7). El grupo de CE no realizé ningun tipo de entrenamiento fisico durante
las siguientes 5 semanas, mientras el grupo de RE realizé Unicamente una sesion de
entrenamiento de fuerza y dos de resistencia semanales. La sesion de
entrenamiento de fuerza (miércoles) estaba compuesta por 3 series de 10
repeticiones con el 12RM individual en los ejercicios de press banca, dorsal remo y
sentadilla, respetando tres minutos de recuperacion entre series. El entrenamiento
de resistencia consintio en dos sesiones de 40 minutos a intensidad moderada
(~80% VO2max), Una de carrera (lunes) y otra de paleo (viernes). En los cuatro dias
restantes no se realiz0 ningun tipo de entrenamiento fisico. ElI volumen de
entrenamiento semanal que realizé el grupo de RE supuso aproximadamente el 20%
del volumen medio de entrenamiento semanal completado durante las 47 semanas

precedentes.

Test incrmental maximal en kayak ergometro

Tras 5 minutos de calentamiento a una velocidad de 9 km-h', los sujetos

completaron un test incremental de paleo hasta el agotamiento en un kayak-
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ergbmetro (Dansprint ApS, Denmark; drag resistance coefficent = 35). El primer
escal6n del test se completé a 11.5 km-h, y la velocidad se increment6 0.5 km-h™
cada minuto. Cada sujeto adapto libremente la frecuencia de paleo (FP) a sus
necesidades, y se registr0 continuamente su evolucion durante el test con un
frecuenciometro (Interval 2000, Nielsen-Kellerman, USA). La frecuencia cardiaca
(FC) se monitoriz6 empleando un pulsometro telemétrico estandar (S610i; Polar
Electro Oy, Finland) y se tomaron registros cada 5 segundos. Se alent6 a los palistas
a realizar el maximo esfuerzo voluntario y completar el mayor numero posible de
escalones del test. La prueba se dio por concluida cuando el sujeto detuvo el paleo
voluntariamente por extenuacion, o por la incapacidad de mantener la velocidad
requerida. Se realizé un analisis de gases respiracion a respiracion empleando para
ello un analizador de gases Jaeger Oxycon Pro system (Erich Jaeger, Germany). Se
calibr6 el analizador de gases usando una mezcla de gases 4.95% C0,-95.05% N,
(BOC Gases, Surrey, UK), y el sensor de volumen usando una jeringa de calibracion
3-L.

Variables fisioldgicas

El VO2max Se definid como la media de los dos valores consecutivos mas elevados
de VO, registrados durante los ultimos 90 segundos de esfuerzo. Todos los sujetos
cumplieron los siguientes criterios para establecer el VOzmax: @) relacion de
intercambio respiratorio (RER) mayor de 1.1, y b) FC pico mayor o igual al 90% de
FC maxima en base a la prediccion por edad. Se determind el segundo umbral
ventilatorio (VT2) empleando el criterio de un incremento en ambos equivalentes
ventilatorios (Ve-VO,? y Ve-VCO,™) y el descenso de la presién del CO, al final de la
fase espiratoria (PETCO;). Dos observadores independientes realizaron las
determinaciones del VT2. En caso de discrepancia, un tercer observador realizé la
determinacién. La FC en VOomax (FChax) ¥ la FC en VT2 (FCyrz) también se
obtuvieron para cada palista. Se tomaron muestras de sangre capilar en el I6bulo de
la oreja durante la recuperacion del test (minutos 1, 3, 5, 7, 10 y 12) para determinar
la concentracion pico de acido lactico ([LaTyico), empleando para ello un analizador

de lactato (LF20; Dr. Lange, France).
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Variables relacionadas con el rendimiento en piragliismo

Se establecieron las variables relacionadas con el rendimiento en piraglismo
durante el test incremental maximal: velocidad de paleo en VOzmax (Vmax), vVelocidad
de paleo en VT2 (Vyr2), frecuencia de paleo en VOzmax (FPmax), frecuencia de paleo
en VT2 (FPyt2), potencia de paleo en VOzmax (PWmax), Y potencia de paleo en VT2

(Pwyr)).
Andlisis de sangre

En T1 y T2 se tomaron muestras de sangre venosa (10 mL) de la vena antecubital
empleando para ello vacutainers y agujas estériles. Todas las muestras fueron
obtenidas a la misma hora del dia en todos los sujetos (8-9 h) tras 12 horas de
ayuno nocturno y un dia de recuperacion previo. La muestras de sangre se
recogieron en tubos con EDTA, centrifugadas a 800 g durante 10 min a 4°C, y el
plasma se almacend a -80°C hasta que se analizaron por duplicado la testosterona
total (T) y el cortisol (C) por radioinmunoanalisis (125] RIA kits, DiaSorin, MN, USA).
Las varianzas inter e intra ensayo de la testosterona fueron menores de 3.5% y 7.0%
respectivamente; mientras que las varianzas inter e intra ensayo del cortisol fueron

menores de 4.6% y 5.8% respectivamente.

Anélisis estadistico

Se emplearon métodos estadisticos estandar para el célculo de los valores medios y
de las desviaciones estandar (DE). Se realiz6 Un ANOVA de dos factores para
establecer los cambios absolutos en las variables estudiadas entre ambos test (T1y
T2) y entre grupos (CE y RE). En todo caso, se consider6 un nivel de confianza de P
< 0.05.

Resultados
Variables fisiologicas

No se detectaron diferencias significativas entre grupos en T1 en ninguna variable
fisiologica estudiada. Tras 5 semanas de desentrenamiento, el VO;max descendio un
-11.3% (desde 69.1 +3.9 2 61.3 +2.7 mL-kg™-min; P < 0.01) y -5.6% (desde 68.5 +
3.0 a 64.6 + 3.1 mL-kg™*-min™; P < 0.05) en los grupos de CE y RE respectivamente.
Los valores de VOzmnax €n T2 fueron significativamente mayores (P < 0.05) en el
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grupo de RE comparado con el grupo de CE. El VO, en VT2 descendio en el grupo
de CE (-8,8%, P < 0.01) y en el de RE (-5.7%, P < 0.05) (Fig. 1). La FCy1, aumenté
en el grupo de CE entre T1 y T2 (3.5%, P < 0.05). y detetctaron valores
significativamente mayores (P < 0.05) de esta variable en el grupo de CE comparado
con el grupo RE en T2. No se obervaron diferencias significativas en el
VT2(%VO2max), FCmax Y [Lalpico€ntre T1 y T2 en ningun grupo (Tabla 1 y Fig. 1).

Variables relacionadas con el rendimiento en piraglismo

Entre T1y T2, la Vy12 descencio tanto en el grupo de CE (-5.0%) como en el de RE
(-4.2%) (P < 0.05), mientras que la Vnax descendio de forma significativa Unicamente
en el grupo de CE (-3.3%, P < 0.05). La FPnax Y FPyr2 mostraron incrementos
significativos en el grupo de CE (5.2% y 4.9%, P < 0.05, respectivamente). No se
registraron diferencias significativas en T1 entre grupos en la variable de Pwmnax,
aunque tras las 5 semanas de desentreamiento, la Pwna descendio
significativamente en ambos grupos (-7.9% y -3.9%, P < 0.05, en CE y RE
respectivamente). Ademas, los valores alcanzados en T2 fueron significativamente
mayores (P < 0.05) en el grupo de RE que en el de CE. Entre T1 y T2, las magnitud
de los descensos en la Pwyt, (-11%, P < 0.05) fue idéntica en ambos grupos. Los
valores de Pwyt, fueron significativamente mayores (P < 0.05) en el grupo de RE

comparado con el CE tanto en T1 como en T2 (Tabla 1).
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Tabla 1. Cambios en los parametros cardiorrespiratorios y de rendimiento en

kayak.
CE RE
T1 T2 T1 T2

FCmax (pulsaciones-min®) 193 + 6 195 + 6 189 + 7 192 + 5
FCyrs (pulsaciones-min'l) 173 + 5 179 + 4* 171 + 4 174 + 41
[LaTpeo (Mmol-L™Y) 140 + 33 156 * 4.6 13.1 + 3.1 14.0 + 3.4
Vinax (km-h?) 151 + 0.5 146 = 0.2* 152 + 0.3 149 + 0.3
Vyrz (km-h™) 141 + 0.3 134 % 0.3* 142 + 0.3 13.6 + 0.2*
FPmax (paladas- min™) 9 + 3 101 + 3* 98 + 5 101 + 3
FPyr, (paladas-min™) 81 = 4 85 *+ 4* 83 £ 5 85 = 4
PWmax (W) 2384 + 6.9 2196 + 4.0 2409 + 6.6 231.4 = 4.4+
Pwyr, (W) 204.1 + 58 182.1 # 53* 2114 + 44" 1879 + 6.7*"

Los datos se presentan como media = DE. CE: Cesion de Entrenamiento (n = 7); RE:
Reduccion de Entrenamiento (n = 7). Diferencias significativas: * P < 0.05 comparado
con T1; ** P < 0.01 comparado con T1; ' P < 0.05 comparado con TC.
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Fig. 1. Cambios en el VOynax, VO, €n VT2 y VT2 (%VO2nax) tras un periodo de 5 semanas
de cesion (CE) o reduccion de entrenamiento (RE). Diferencias significativas: * P < 0.05
comparado con T1; ** P < 0.01 comparado con T1; ' P < 0.05 comparado con CE.

Concentracion hormonal basal

Entre T1 y T2 se detectaron descensos similares (-30%, P < 0.01) en los niveles de
cortisol en ambos grupos (CE y RE). Los niveles de testosterona incremenaron de
forma similar en los dos grupos entre Tl y T2, aunque no fueron cambios
significativos. El ratio T:C aument6 (P < 0.01) en el grupo de CE (62.5%) y en el de
RE (67.6%), hallandose valores significativamente mayores en el grupo de RE que
el grupo de CE en T2 (P < 0.05).
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Tabla 2. Cambios en la concentracion hormonal basal.

CE RE
T1 T2 T1 T2

Cortisol 4869 + 70.6 339.0 + 53.3* 460.0 + 77.3 320.8 + 58.4*

(nmol - L)

Testosterona

(ol LD 216 % 34 244 31 233 + 40 271 + 54

T:Cx1,000 448 + 66 728 + 103" 512 + 89 858 + 11.0%'

Los datos se presentan como media £ DE. CE: Cesion de Entrenamiento (n = 7); RE:
Reduccion de Entrenamiento (n = 7). Diferencias significativas: * P < 0.05 comparado
con T1; ** P < 0.01 comparado con T1; ' P < 0.05 comparado con TC.

Discusion

Esta investigacion muestra que un periodo de 5 semanas de reduccién de
entrenamiento en un grupo de kayakistas de élite es una estrategia eficaz para
minimizar los graves descensos en los parametros cardiorrespiratorios y de
rendimiento especifico del paleo que tienen lugar si se detiene completemente el
entrenamiento durante este mismo periodo de tiempo. Ademas, un corto periodo de
desentrenamiento, como el descrito en esta investigacion, parece elevar el estado
anabdlico del organismo mediante una disminucion de los niveles de cortisol y un
moderado incremento de los niveles de testosterona en ambos grupos (CE y RE).
Aunque la estrategia de RE empleada en esta investigacion parece ser mas efectiva
qgue la completa CE para limitar la magnitud de las pérdidas en la potencia y
capacidad aerdbica, nuestros resultados muestran que realizando Unicamente dos
cortas sesiones semanales de resistencia a intensidad moderada durante 5
semanas, no es un estimulo suficiente para prevenir descensos significativos en el
rendmiento aerdbico en deportistas de élite mundial. En linea con los resultados de
nuestro estudio, investigaciones previas mostraron que el mantenimiento de un
minimo de estimulos de entrenamiento de alta intensidad durante los periodos de
RE y puesta a punto, es de vital importancia para retener las adaptaciones al
entrenamiento (Neufer 1989).

Los descensos en la potencia aerobica detectados en el grupo de CE (-11%)

fueron similares a los encontrados en estudios previos que examinaron los efectos
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de cortos periodos de CE en deportistas con altamente entrenados (Coyle y cols.
1984; Godfrey y cols. 2005; Martin y cols. 1986; Petibois y Déléris 2003). Por contra,
llevar a cabo dos sesiones de entrenamiento de resistencia semanales a una
intensidad moderada (~80% VO2max) permitié a los los deportistas del grupo de RE
reducir significativamente los descensos del VO,max que ocurrieron en el grupo de
CE. Estos hallazgos estan en la linea de los encontrados por otros autores quienes
estudiaron los cambios en los parametros fisioldégicos de deportistas bien entrenados
tras periodos de una marcada reduccion de entrenamiento. Asi mismo, tras una
temporada completa de entrenamiento, Neufer y cols. (1987) encontraron que 4
semanas de RE (realizando una tercera parte del volumen habitual de
entrenamiento, con tres sesiones semanales) permiti0 a nadadores de alto nivel
preservar parte de los efectos residuales de entrenamiento sobre la potencia
aerdbica, un mantenimiento que no ocurri6 realizando Unicamente una sesién
semanal. Igualmente, Hickson y cols. (1982) mostraron que era posible mantener los
niveles de VO2zmax con una reducciéon maxima de dos terceras partes del volumen de

entrenamiento.

Nuestra estrategia de RE no permitié prevenir descensos en el VO, en VT2 (-
5.7%),aunque estos descensos fueron menores de los sufridos por el grupo de CE (-
8.8%). Estos hallazgos son similares a los encontrados por Godfrey y cols. (2005)
guienes detectaron descensos de un ~5% en el VO, a nivel del umbral lactico tras 8
semanas de CE en un remero camepedn olimpico. Igualmente, Galy y cols. (2003)
mostraron que un periodo de 6 semanas de RE con bajo volumen e intensidad de
entrenamiento fueron suficientes para mantener los niveles de VOzmax, P€ro no para
evitar descensos significativos en el VO, en VT2 en un grupo de deportistas bien

entrenados.

El uso fraccional de la potencia aerdbica, un criterio vélido para evaluar la
capacidad aerd@bica, permanecio sin cambios en ambos grupos (CE y RE), debido a
las descensos proporcionales que acontecieron en el VOomax ¥ €l VO, en VT2
durante las 5 semanas de desentrenamiento, unos hallazgos que estan en la linea

de los obervados por Godfrey y cols. (2005).

Los incrementos del un ~3% encontrados en la FCy1, en el grupo de CE son
similares a los obervados en estudios previos tras periodos de CE en deportistas

bien entrenados (Coyle y cols. 1986; Houmard y cols. 1992; Madsen y cols. 1993).
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Por el contrario, la FChax ¥ la FCyt2 N0 experimentaron cambios en el grupo de RE
de nuestro estudio. Los incrmentos de la FC submaxima durante los periodos de CE
parecen estar relacionados con el intento del organismo de mantener el gasto
cardiaco durante el esfuerzo, y contrarrestar las reducciones del volumen de
eyeccion (Coyle y cols. 1984; Mujika y Padilla 2000a; 2000b; Mujika y Padilla 2001).

La ausencia de cambios significativos en la [La]pco €n ambos grupos (CE y
RE) tras las 5 semanas de desentrenamiento son resultados similares a los descritos
por Marles y cols. (2007), quienes no encontraron cambios en la [Lalpico tras 6
semanas de RE en deportistas con poca experiencia en el entrenamiento. No
obstante, otras resultados publicados mostraron incrementos de la actividad de la
LDH tras periodos de CE (Claude y Sharp 1991; Costill y cols. 1985; Neufer y cols.
1987).

Existe muy poca informacion en la literatura sobre los efectos de las
estrategias de CE y RE en el rendmiento especifico del paleo durante los periodos
de recuperacion entre temporadas. Aunque nuestra estrategia de RE permitié a los
palistas evitar pérdidas significativas de la Vax, €sta no fue suficiente para prevenir
las pérdidas de la V1, proximas al 4.5%. Madsen y cols. (1993) encontraron que el
tiempo limite al 75% del VO,nax desendié un 21% tras 4 semanas de RE en sujetos
bien entrenados. Igualmente, tras 2 semanas de CE, Houston y cols. (1979)
detectaron que el tiempo de esfuerzo a una intensidad submaxima descendié un
25%; mientras que Petibois y Déléris (2003) detectaron descensos de la velocidad
aerdbica maxima (~20%) tras 5 semanas de CE en remeros de alto nivel.

En el presente estudio, la FPqax ¥ la FPyr2 aumentaron unicamente de forma
significativa en el grupo de CE, hallazgos similares a los encontrados por Issurin y
cols. (1986), quienes detectaron aumentos de la frecuencia de paleo durante una
fase de puesta a punto en piragiistas de alto nivel. Asi mismo, Neufer y cols. (1987)
detectaron incrementos de la FP a intensidades maximas y submaximas tras
periodos de RE en nadadores de alto nivel. Los aumentos de la frecuencia de ciclo
detectados en el presente estudio pueden ser debidos a los descensos del
rendmiento neuromuscular como consecuancia de las 5 semanas de
desentrenamiento. En este sentido, es posible que la capacidad del palista de
generar fuerza en cada palada se viera afectada, y tuviese como resultado la

necesidad de incrementar la FP a fin de mantener la potencia y/o la velocidad
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requerida. Sin embargo, estos aumentos significativos en la FPnax Yy l1a FPyt2
detectados en el grupo de CE no fueron suficientes para compensar las supuestas
pérdidas de rendmiento neuromuscular y los valores de Vimax, Vvt2 ¥ PWnax, que

descendieron en mayor medida en el grupo de CE que el grupo de RE.

A pesar de que en el presente estudio la estrategia de RE permiti6 a los
palistas mantener parte de los efectos residuales de entrenamiento, la PWmax Y PWyT2
sufrieron descensos significativos en ambos grupos (CE y RE). Estos descensos en
la potencia de paleo indican que una sesion de entrenamiento de fuerza y dos de
resistencia semanales fueron claramente insuficientes para mantener el rendmiento

especifico en kayakistas de élite.

Tras el periodo de desentrenamiento, la concentracion de testosterona basal
mostré aumentos no significativos en el grupo de CE (13%) y de RE (16%). Por otro
lado, los niveles de cortisol descendieron significativamente en ambos grupos (30%).
Como resultado, el ratio T:C aument6 drasticamente (Tabla 2). Todos estos cambios
en el balance hormonal basal tras este corto periodo de desentrenamiento son un
claro indicativo de un aumento de la actividad androgénica-anabdlica (Kraemer y
Ratamess 2005), y parece estar relacionada con la reaccion del organismo para
combatir los procesos catabdlicos inducidos por los altos niveles de estrés fisico y
mental acumulados durante la temporada precedente. El ratio T:C en T2 fue
significativamente mayor en el grupo de RE comparado con el grupo de CE, datos
gue de nuevo sugieren la conveniencia de incorporar algunos estimulos de
entrenamiento en los periodos de recuperacion entre temporadas para evitar el
avance de las procesos catabolicos (ej. atrofia muscular) o para mejorar aun mas los
procesos anabolicos. Los aumentos detectados en el ratio T:C y la reduccion de los
niveles de cortisol estan en la linea de los resultados encontrados por Hortobagyi y
cols. (1993) tras 14 dias de inactividad. Por contra, otras investigaciones no
detectaron cambios en la concentraciones basales de testosterona, cortisol o ratio
T:C tras 4-12 semanas de CE (Hakkinen y cols. 1985; Izquierdo y cols. 2007;
Kraemer y cols. 2002). Todo ello sugiere que la respuesta hormonal tras los periodos
de desentrenamiento parecen estar relacionados con el nivel inicial de los
deportistas y el tiempo total bajo restriccion o cesion de estimulos de entrenamiento.
Aungue llevar a cabo la valoracion de las concentraciones hormonales basales de

forma aislada tiene sus limitaciones, estas se han empleado en numerosas estudios
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de entrenamiento de fuerza (Kraemer y Ratamess 2005), especialmente en aquellos
estudios que monitorizaron el entrenamiento de deportistas durante la temporada de
competicion y la fase de transicion. Ademas, somos conscientes de que aunque el
ratio T:C ha sido comunmente empleado para indicar el posible estado anabdlico o
catabolico en relacién al rendimiento, esto parece ser una simplificacion excesiva

(Izquierdo y cols. 2006).

Conclusion

En conclusion, una estrategia de RE compuesta por una sesiéon de fuerza y dos de
resistencia semanales a intensidad moderada fue efectiva para atenuar los adversos
efectos del desentrenamiento obervados tras la cesion completa de entrenamiento
en las variables fisiolégicas y especificas de rendmiento en piragtismo como el
VOomax, FCyr2, ratio T:C, FPmax, FPvt2, Vmax, PWmax, Y 1a Pwyt2 en palistas de élite
mundial. Con el aumento cada vez mayor del nimero de competiciones y las
elevadas exigencias del deporte moderno en alto nivel, llevar a cabo un programa de
mantenimiento en el periodo de recuperacion entre temporadas parece ser una
medida apropiada para prevenir excesivas pérdidas en el rendimiento aerobico, asi
como para facilitar la recuperacion del estado de forma en ciclos de entrenamiento

posteriores.

Puntos clave

» Cortos periodos (5 semanas) de cesion de entrenamiento en deportistas de alto
nivel producen mayores descensos del rendmiento en las variables fisiologicas y
en los paramaetros de rendmiento que una estrategia de reduccidon de
entrenamiento.

« Tras una temporada completa de entrenamiento y competicion, las estrategias de
CE y RE facilitan un aumento de la actividad adrogénica-anabdlica del organismo.

» Estos resultados sugieren la conveniencia de realizar un programa de
mantenimiento durante los periodos de transicion entre temporadas, con &nimo de

de minimizar los descensos de rendimiento en la resistencia.
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Resumen

Propuesta : Este estudio analiza los cambios en las variables neuromusculares, de
resistencia y de composiciéon corporal durante 4 semanas de puesta a punto y las
subsiguientes 5 semanas de reduccion (RE) o cesion total de entrenamiento (CE).
Métodos : Catorce kayakistas de elite mundial fueron asignados aleatoriamente a los
grupos de RE (n = 7) o CE (n = 7). Se realizaron valoraciones de una repeticion
maxima (1RM), velocidad media de la fase concéntrica con el 45% del 1RM (V4s5%)
en los ejercicios de press banca (PB) y dorsal remo (DR), asi como mediciones de la
composiciéon corporal al comienzo (TO) y al final (T1) de un programa de
entrenamiento de 43 semanas de duracion, tras la fase de puesta a punto del
Campeonato del Mundo (T2) y finalmente al concluir las fases de RE o CE (T3). Se
realizd un test incremental maximal en kayak ergébmetro para la determinacion del
consumo maximo de oxigeno en TO, T1 y T3. Resultados : Tras la fase de puesta a
punto, no se observaron cambios significativos en el 1RM o0 en la Vgs4. El grupo de
CE mostr6 mayores descensos en la 1RM (-8.9% y -7.8%, P < 0.05, para el PB y el
DR respectivamente) que los observados para el grupo de RT (-3.9% y -3.4%). Los
descensos en la Vysy, €en el PB y el DR fueron mayores para el grupo de CE (-12.6%
y -10.0%) que para el grupo RT (-9.0% y -6.7%). Se observaron incrementos en el
sumatorio de ocho pliegues cutaneos tras la RE y CE, mientras que los descensos
en la potencia aerdbica fueron menores tras la RE (-5.6%) que tras la CE (-11.3%).
Conclusion : Cortos periodos de cesidon de entrenamiento producen mayores
descensos en la fuerza maxima y especialmente en la V459, que la RE en atletas de
alta cualificacion. Estos resultados sugieren la necesidad de realizar un programa de
mantenimiento para evitar descensos a nivel neuromuscular en aquellos casos en

los que sea necesaria una fase de recuperacion del entrenamiento.

Palabras clave : Cesidtn de entrenamiento; reduccidén de entrenamiento; fuerza

maxima; potencia muscular; piragliismo.
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Introduccién

Llevar a cabo una fase de puesta a punto antes de los objetivos prioritarios de
competicibn es una estrategia generalmente aceptada por entrenadores e
investigadores. Esta fase se caracteriza por una marcada reduccién del volumen de
entrenamiento mientras que la intensidad se mantiene elevada (Gibala y cols. 1994;
Izquierdo y cols. 2007; Mujika y Padilla 2000a; Mujika y Padilla 2003; Mujika y cols.
2004). Estos aumentos del rendimiento durante las fases de puesta a punto se han
asociado a una mejora de los procesos de recuperacion (Gibala y cols. 1994; Mujika
y Padilla 2003; Mujika y col. 2004). Estudios previos han descrito mejoras de la
fuerza isocinética a baja velocidad de los flexores del codo tras 8 dias de puesta a
punto en sujetos con una moderada experiencia en el entrenamiento de fuerza
(Gibala y cols. 1994). Izquierdo y cols. (2007) encontraron que la fase de puesta a
punto permitié aumentos de la fuerza maxima y potencia muscular en el tren inferior
y superior tras un entrenamiento periodizado en deportistas con experiencia en el
entrenamiento de fuerza. Igualmente, varios estudios que examinaron los efectos de
las fases de puesta a punto en deportistas de resistencia atribuyeron las mejoras en
el rendimiento a los incrementos de los niveles de fuerza y potencia muscular
(Hooper y cols. 1998; Neary y cols. 2003; Shepley y cols. 1992; Trappe y cols.
2000).

La incorporacion de periodos de cesion de entrenamiento tras la conclusion
del evento principal de la temporada es una practica comdn en muchas
especialidades deportivas. Estos periodos de transicion tienen como principal
objetivo permitir una adecuada recuperacion a nivel fisico y psiquico del deportista
antes de comenzar una nueva temporada de entrenamiento y competicion. En esta
situacion, la reduccion de entrenamiento normalmente es la opcion preferida ya que
parece ser una estrategia mas efectiva para evitar, al menos parcialmente, el
impacto negativo que supone la insuficiencia de estimulos de entrenamiento sobre el
rendimiento fisico del deportista (Mujika y Padilla 2000b). La magnitud de los
descensos del rendimiento detectados tras los periodos de desentrenamiento
parecen estar relacionados con la estrategia de recuperacion escogida (reduccion o
cesion completa de entrenamiento), el nivel de rendimiento actual, y el tiempo total
bajo la influencia de estos periodos de reduccién o ausencia de estimulos de
entrenamiento (Mujika y Padilla 2000a; 2000b; Mujika y Padilla 2001).
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Novedosas investigaciones en este campo parecen indicar que el rendimiento
neuromuscular es mas susceptible a los descensos en deportistas de alto nivel en
comparacion con deportistas con una experiencia en el entrenamiento baja o
moderada (Izquierdo y cols. 2007; Mujika y Padilla 2001). En sujetos con experiencia
en el entrenamiento de fuerza se han detectado descensos en la fuerza dinamica
méaxima en ejercicios tipicos del entrenamiento de fuerza como son el press banca
(9%), sentadilla (10-12%) y la extension de rodilla (12%) tras 4-8 semanas de CE
(Hakkinen y cols. 1981; Hakkinen y cols. 1985; Izquierdo y cols. 2007) mientras que
en periodos mas cortos de CE (2 semanas) los descensos de fuerza muscular
parecen ser menores (Hortobagyi y cols. 1993) o inexistentes (Houmard y cols.
1993). Por el contrario, en atletas con poca experiencia, las mejoras de fuerza
obtenidas con el entrenamiento parecen retenerse con mayor facilidad tras cortos
periodos de CE (4-6 semanas) (Houston y cols. 1983; Kraemer y cols. 2002; Terzis y
cols. 2008). Ademas, los periodos de desentrenamiento parecen afectar en mayor
medida a los valores de potencia muscular en comparacion con la fuerza muscular
(Izquierdo y cols. 2007; Kraemer y cols. 2002; Neufer y cols. 2007), especialmente
en atletas altamente entrenados, aunque también se han documentado incrementos
en el indice de manifestacion de fuerza (IMF) (Ishida y cols. 1990) y cambios en la
composicidon muscular hacia tipos de fibra mas rapidas (Andersen y cols. 2005;

Trappe y cols. 2000) como consecuencia del desentrenamiento.

Hasta la fecha, la mayoria de las investigaciones que han estudiado los
cambios neuromusculares producidos por las fases de puesta a punto y
desentrenamiento han empleado sujetos sedentarios 0 con poca experiencia en el
entrenamiento. Por ello, existe una escasez de conocimiento a cerca de las
consecuencias que estas puestas a punto y cortos periodos de desentrenamiento
tienen sobre el rendimiento neuromuscular en deportistas altamente entrenados, con
elevadas exigencias de fuerza y resistencia como son los kayakistas de

especialidades olimpicas.

Por lo tanto, el objetivo de este estudio fue examinar los cambios en los
pardmetros de fuerza muscular, velocidad de desplazamiento ante cargas de
maxima potencia, composicion corporal y sobre la potencia aerdbica producidos por

un periodo de 5 semanas de CE o RE tras un programa de entrenamiento
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periodizado de 43 semanas y 4 semanas de puesta a punto en un grupo de
kayakistas de élite mundial.

Método
Muestra

Catorce hombres palistas de elite mundial (todos ellos finalistas de Campeonatos del
Mundo, incluidos dos campeones olimpicos) tomaron parte de forma voluntaria en
este estudio. La media (DE) de las caracteristicas de los participantes fue la
siguiente: edad 25.2 (2.5) afios; altura 1.81 (0.04) m; masa corporal 84.2 (5.5) kg;
experiencia en el entrenamiento11.1 (2.7) afos; volumen de paleo anual 4415 (374)
km. Todos los sujetos tenian al menos 2 afios de familiarizacion con los
procedimientos de valoracion empleados en la investigacion, y todos ellos
pertenecian al mismo equipo (Equipo Nacional Espafiol de Piragtismo). Este estudio
fue aprobado por el Comité de Bioética de la Universidad de Sevilla, y se obtuvo un
consentimiento informado de todos los deportistas antes de comenzar la

investigacion.

Disefio del estudio

Tras una temporada completa (43 semanas) de entrenamiento concurrente de
fuerza y resistencia, los palistas completaron 4 semanas de puesta a punto (TAP)
con objeto de maximizar su rendimiento en el Campeonato del Mundo de Aguas
Tranquilas, competicién que se habia establecido como el principal objetivo de la
temporada. Tras concluir este evento, comenzé inmediatamente una fase de
desentrenamiento (DTR) de 5 semanas. Durante esta fase de DTR la mitad de los
palistas cesaron totalmente los estimulos de entrenamiento (CE) y la otra mitad
realizaron Unicamente una sesién de entrenamiento de fuerza y dos de resistencia
semanales (RE). Los deportistas fueron agrupados en funcion de la masa corporal,
experiencia en el entrenamiento y la carga de una repeticibon maxima (1RM) en los
ejercicios de press banca (PB) y dorsal remo (DR) y se asignaron aleatoriamente a
los grupos de RE (N =7) o CE (N = 7). Los participantes fueron convocados en el
laboratorio en cuatro ocasiones diferentes a lo largo del estudio con objeto de

evaluar las variables fisiologicas y de rendimiento seleccionadas (Fig. 1). Se llevaron
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a cabo valoraciones del 1RM, velocidad media de desplazamiento ante el 45% del
1RM y de composicion corporal antes de comenzar la temporada (semana 0; T0), al
comienzo de la fase de TAP (semana 44; T2), la semana correspondiente al
Campeonato del Mundo (semana 47; T2), y finalmente tras la fase de DTR (semana
53, T3). Igualmente se llevo a cabo un test incremental maximal en kayak ergbmetro
enTO, T1y T3.

Campeonato del Mundo

43 semanas de entrenamiento 4 semanas de 5 semanas de|
concurrente de fuerza y resistencia puesta a punto CE o RE
TTO TT1 TTZ TT3
(TIK, 1RM, V 45, , CC) (TIK, 1RM, V45, CC) (1RM, V5, , CC) (TIK, 1RM, V45, CC)

Fig. 1. Disefio del estudio y calendario de valoraciones. CE: Cesi6n de Entrenamiento; RE:
Reduccion de Entrenamiento; TIK: Test Incremental en kayak ergémetro; 1RM: test de
fuerza una repeticidon maxima; Vs velocidad con el 45% del 1RM; CC: valoracién de la
composicion corporal.

Programa de entrenamiento

Desde la semana 1 hasta la semana 43 los palistas tomaron parte en un programa
de entrenamiento concurrente de fuerza y resistencia, bajo la supervision de
entrenadores profesionales con varios afios de experiencia en el entrenamiento de
piraguistas. El entrenamiento de fuerza se estructurd en cuatro ciclos periodizados
de 10-12 semanas, durante los cuales se completaron secuencialmente tres fases
diferentes de entrenamiento de fuerza: hipertrofia (8-10 repeticiones, 4-5 series, 70-
75% del 1RM, 2 minutos de recuperacién entre series); fuerza maxima (3-4
repeticiones, 3-4 series, 85-90% del 1RM, 4 minutos de recuperacion entre series); y
potencia maxima (5-8 repeticiones, 4-5 series, 45-60% del 1RM, 4 minutos de
recuperacion entre series). Se emplearon 5 ejercicios principales: PB, DR, press de
hombros, dominadas y sentadilla. Se evité alcanzar la repeticion del fallo en todas
las series de entrenamiento de hipertrofia y fuerza méaxima, y se motivd
constantemente a los palistas para que realizasen la fase concéntrica de cada

repeticion a la maxima velocidad voluntaria. En las sesiones de entrenamiento de
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potencia maxima, cada serie se dio por concluida cuando la velocidad media
descendia por debajo del 10% de la mejor repeticion (la repeticion con la fase
concéntrica mas rapida). El volumen total de entrenamiento durante las primeras 43
semanas ascendio a: 37.8 £ 2.6 h, 42 £ 3 sesiones, 840 + 60 series y 7,560 + 540
repeticiones de entrenamiento de hipertrofia; 41.8 + 3.3 h, 38 + 3 sesiones, 608 + 48
series y 2,492 + 197 repeticiones de entrenamiento de fuerza maxima; y 30.0 = 1.1
h, 30 + 2 sesiones, 450 + 30 series y 2,475 * 165 repeticiones de entrenamiento de
maxima potencia. El entrenamiento de resistencia se estructurd en 3 ciclos de 11-22
semanas de duracién. El volumen total de entrenamiento de resistencia que
realizaron los palistas ascendi6 a 249.2+ 13.2 h de paleo a la velocidad
correspondiente al 75-90% del VOzmax, 35.7 £ 2.2 h entre el 90-105% del VOomax, Y
7.1 £ 0.6 h por encima del 105% VO2max. LOS palistas completaron entre 60-130 km

(10-15 sesiones) a la semana.

La fase de TAP consistidé en 4 semanas de descenso progresivo del volumen
y un incremento de la intensidad de entrenamiento. Durante esta fase los palistas
completaron dos sesiones de entrenamiento de fuerza semanales: a) una sesion de
fuerza méxima 90-95% 1RM (3-4RM), 2-4 repeticiones por serie, y 2-3 series por
ejercicio; b) una sesion de potencia maxima con el 45% del 1RM (PB, DR) o el 60%
1RM (sentadilla), 5-8 repeticiones y 3-4 series. Durante esta fase de TAP, los
palistas realizaron unicamente los ejercicios de PB, DR y sentadilla. El tiempo total
de entrenamiento de fuerza fue 2.6 + 0.3 h, 34 + 2 series y 108 £ 4 repeticiones de
fuerza maxima; y 2.4 £ 0.2 h, 38 + 5 series y 198 + 34 repeticiones de potencia
maxima. Ademas, los palistas completaron 5-10 sesiones de paleo semanales,
durante las cuales se priorizd el entrenamiento de alta intensidad, mientras el
volumen de entrenamiento se reducia progresivamente hasta un 50% del volumen
habitual de entrenamiento. El volumen total de entrenamiento durante la fase de
TAP ascendié a 14.3 £ 0.6 h de paleo a la velocidad correspondiente al 75-90%
VOomax, 4.2 £ 0.1 h entre el 90-105% VOomax Yy 1.5 + 0.3 horas por encima 105%

VO2max. Ademas los palistas realizaron tres dias de competicion al final de esta fase.

Finalmente, durante la fase de DTR, el grupo de CE detuvo completamente
cualquier tipo de entrenamiento fisico durante las siguientes 5 semanas, mientras
gue el grupo de RE realiz6 Unicamente una sesion de entrenamiento de fuerza y dos

sesiones de entrenamiento de resistencia a la semana. Durante este periodo no
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hubo control sobre la dieta de los deportistas. Las sesiones de entrenamiento de
fuerza llevadas a cabo por el grupo de RE estaban compuestas por 3 series de 10
repeticiones con el 70-75% del 1RM de cada palista (10-12RM) en los ejercicios de
PB, DR y sentadilla, respetando 3-min de recuperacion entre series. El volumen de
entrenamiento de resistencia consistié en una sesién de paleo y otra de carrera de
40 minutos a intensidad moderada (~80% VOzmax). En los cuatro dias restantes no

se realizo entrenamiento fisico alguno.

Valoraciones

Las valoraciones se llevaron a cabo a lo largo de tres dias consecutivos:
composicion corporal y test incremental maximal en kayak ergometro (dia 1), 1RM
(dia 2) y velocidad media de desplazamiento ante el 45% del 1RM (dia 3). Para cada
tipo de test se llevaron a cabo los mismos procedimientos y protocolos de
calentamiento en cada ocasion. Las valoraciones se realizaron a la misma hora del
dia (10-12 h) y bajo similares condiciones ambientales (20-22°C y 55-65% de
humedad). La correlacion test-retest interclase para todas las medidas practicadas
en este estudio fueron mayores de 0.93, con coeficientes de variacion en un rango
de 0.9% a 3.3%.

Composicion corporal

Las medidas antropométricas practicadas fueron: talla, masa corporal, pliegues
cutdneos (triceps, subescapular, suprailiaco, abdominal, muslo anterior, pierna
medial, supraespinal y biceps braquial). Todas ellas fueron tomadas por el mismo
investigador experimentado, de acuerdo con las directrices de la International
Society for the Advancement of Kineanthropometry (ISAK) (2006). El porcentaje
graso y la masa libre de grasa se estimaron empleando la férmula de Carter y
Yuhasz (1984).

Test incremental maximal

Tras 5 minutos de calentamiento a una velocidad de 9 km-h?, los sujetos
completaron un test incremental de paleo hasta el agotamiento en un kayak-
ergbmetro (Dansprint ApS, Denmark). El primer escalon del test se completdé a 11.5
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km-h?, y la velocidad se incrementé 0.5 km-h™* cada minuto. Cada sujeto adapté
libremente la frecuencia de paleo (FP) a sus necesidades. Se alent6 a los palistas a
realizar el maximo esfuerzo voluntario y completar el mayor niumero posible de
escalones del test. Se realizO un analisis de gases respiracion a respiracion
empleando para ello un analizador de gases Jaeger Oxycon Pro system (Erich
Jaeger, Germany). El VO;nax se defini6 como la media de los cuatro valores

consecutivos mas elevados de VO, hacia el final de la prueba.

Valoracion de la fuerza dinAmica maxima y la velocidad ante cargas de maxima

potencia

Los procedimientos de valoracion empleados en el presente estudio pueden
encontrarse en investigaciones previas (Garcia-Pallarés y cols. 2009). En resumen,
el 1RM se determind en los ejercicios de PB y DR en peso libre. Estos ejercicios
fueron elegidos ya que son los mas empleados en los entrenamientos de fuerza de
piraglistas, a la vez que son utiles para valorar la fuerza y potencia de acciones
musculares opuestas del tren superior (empuje y traccion). La carga mas pesada
gue cada sujeto pudo levantar, sin ningun tipo de ayuda externa, fue considerada su
1RM. EIl dia siguiente se evalué en ambos ejercicios la velocidad media de la fase
conceéntrica con el 45% del 1RM establecido previamente. Esta carga coincide con la
resistencia que maximiza la potencia mecanica media para ejercicios del tren
superior (Baker y cols. 2001; Cronin y Sleivert 2005). Lo palistas realizaron 2 series
de 3 repeticiones con el 45% del 1RM, respetando 5 minutos de pausa entre series.
La velocidad media de la fase concéntrica fue medida por un trasductor lineal de
posicion (MuscleLab, Ergotest Technology, Oslo, Norway). La Vs se definié como

la velocidad media de las tres mejores repeticiones de cada sujeto.

Analisis Estadistico

Se emplearon métodos estadisticos estandar para el calculo de los valores medios y
de las desviaciones estandar (DE). Se realiz6 un analisis de la varianza factorial 2 x
4 con objeto de evaluar los cambios absolutos en las variables estudiadas entre los
diferentes test (TO, T1, T2 y T3) y entre grupos (CE y RE). Se calculé el Tamafio del

Efecto (TE) para los cambios en los grupos TC y RT entre T3 y T2 como la diferencia
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entre las medias divididas por la desviacion estandar media para los dos grupos. En
todo caso, se considerd un nivel de confianza de P < 0.05.

Resultados

No se observaron diferencias significativas en TO entre los grupos CE y RE en
ninguna de las siguientes variables: masa corporal, masa libre de grasa, experiencia

en el entrenamiento, VO2max, 1RM en PB y DR, o la V45% en los ejercicios PB y DR.

Composicion corporal

Los cambios en la composicion corporal se muestran en la Tabla 1. Se observaron
descensos significativos (P < 0.05) en T1 en el sum de 8 pliegues para ambos
grupos (CE y RE). Tras la fase de TAP se detectaron descensos no significativos en
el sum de 8 pliegues en el grupo de CE (-4.9%) y de RE (-5.3%) al comparar T2 y
T1. En T3, no se observaron cambios significativos en la masa corporal en ningun
grupo al comparar con T2; no obstante se detectaron incrementos significativos (P <
0.05) en el sum de 8 pliegues para el grupo de CE (22.8%, TE = 3.12) y de RE (23.2,
TE = 2.75). Tras la fase de DTR, no se observaron diferencias entre grupos en la
magnitud de los cambios en el sum de 8 pliegues; mientras que se observd una
interaccion (grupo x tiempo) para la masa libre de grasa con descensos
significativamente mayores para el grupo de CE (-3%, P < 0.05) comparado con el
de RT (-0.1%, n.s).
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Tabla 1. Evolucion de los cambios en la composicion corporal.

RE grasa (kg)

Cambio Cambio Cambio
TO T1 Tor ) T2 T1-T2 T3 T2-T3
0 (%) (%)
?ﬁg)sa corporal 56 158 850 + 54 0.7 852 £+58 02 850 145  -0.2
CE Masalbre de 7,, 157 759 + 29 20 765 :29 08 742 228 30
grasa (kg)
Sum de 8

72.3 +5.1 59.0

I+

, 4.4 184 561 +40 -4.9 68.9 +42" 228
pliegues (mm)

Masa corporal
(ka)

Masa libre de --o | 59 760

86.7 49 84.7

I+

55 -2.3 843 48 -05 86.7 +4.6 2.8

2.9 0.3 76.1 £27 0.2 76.2 +2.7" 0.1

I+

Sum de 8 .51 445 5eg

) 4.3* -19.0 53.8 +45 -53 66.3 +4.6° 232
pliegues (mm)

I+

Los valores se muestran como media + DE. Pliegues: triceps, subscapular, suprailiaco,
abdominal, muslo anterior, pierna medial, supraespinal y biceps braquial.

CE: grupo de Cesion de Entrenamiento (N = 7); RE: grupo de Reduccion de Entrenamiento
(N =7); TO = semana 0, comienzo de la temporada; T1 = semana 44, comienzo de la fase
de puesta a punto; T2 = semana 47, Campeonato del Mundo; T3 = semana 53, justo
después de la fase de desentrenamiento.

Diferencias significativas: *al comparar T1 con TO; * T3 con T2; " mayor que el grupo de CE
en el mismo test (P < 0.05).

Fuerza Muscular

Se detectaron aumentos significativos (P < 0.05) en el 1IRM y en la Vysy en los
ejercicios de PB y DR para ambos grupos al comparar T1 con TO (Fig. 2A). En T2,
tras concluir la fase de TAP, no se observaron cambios significativos en el 1RM o en
la V450, €N NiNgUN grupo. Tras la fase de DTR, se observo una interaccién (grupo X
tiempo) en el 1RM, con descensos significativamente mayores para el grupo de CE
(-8.9% y -7.8%, P < 0.05, TE = -1.81 y -1.98, para los ejercicios de PB y DR,
respectivamente) que el grupo de RE (-3.9% y -3.4%, n.s., TE = -0.67 y -0.87). Los
descensos en el V459, €n los ejercicios de PB y DR fueron mayores en el grupo de
CE (-12.6% y -10.0%, TE = -2.15 y -1.67 respectivamente) que los observados par el
grupo de RE (-9.0% y -6.7%, TE = -1.67 y -0.67). No se detectaron diferencias

significativas entre grupos en la magnitud de los cambios en la V459, (Fig. 2B).
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Fig. 2. Evolucién de los cambios en el test de una repeticion maxima (1RM) (A), y velocidad
alcanzada con el 45% del 1RM (B) en los ejercicios de press banca y dorsal remo. CE:
grupo de Cesion de Entrenamiento (N = 7); RE: grupo de Reduccién de Entrenamiento (N =
7). Los valores se muestran como media + DE. Diferencias significativas: * al comparar T1
con TO; *T3 con T2; "mayor que el grupo de CE en el mismo test (P < 0.05).

Potencia aerdbica maxima

Al comparar T1 con TO se observaron incrementos significativos (P < 0.05) en el
VOomax tanto en CE (8.8%, de 63.5 a 69.1 mL-kg™*-min™) como en RT (8.3%, de 63.2
a 68.5 mL-kg*-min™). Tras la fase DTR, se observé una interaccién (grupo x tiempo)
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en el VOzmax cOn descensos significativamente mayores para el grupo de CE (-
11.3%, de 69.1 a 61.3 mL-kg*-min™, P < 0.05, TE = -2.36) comparado con el grupo
de RE (-5.6%, de 68.5 a 64.6 mL-kg™-min™®, n.s., TE = -1.28). La evolucién de los

cambios en el VO2max, €n relacion a la masa libre de grasa se muestra en la Fig. 3.
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Fig. 3. Evolucién de los cambios en el VO, €en relaciéon a la masa libre de grasa. CE:
grupo de Cesion de Entrenamiento (N = 7); RE: grupo de Reduccion de Entrenamiento (N =
7). Los valores se muestran como media + DE. Diferencias significativas: * al comparar T1
con TO; *T3 con T2; "mayor que el grupo de CE en el mismo test (P < 0.05).

Discusion

Este estudio examina los efectos de una fase de puesta a punto (4 semanas) y la
posterior fase de desentrenamiento (5 semanas) sobre el rendimiento de las
variables neuromusculares, de composicién corporal y de resistencia en un grupo de
kakakistas de elite mundial cuya especialidad (piragtismo) requiere niveles muy
elevados de fuerza muscular y potencia aerobica. En un estudio previo nuestro
grupo mostré (Garcia-Pallarés y cols. 2009) que un programa de entrenamiento
periodizado puede ser efectivo para el desarrollo simultaneo de la fuerza y

resistencia aerdbica en kayakistas de élite, no obstante no existe suficientes
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investigaciones que analicen los efectos que estas fases de puesta a punto y los
cortos periodos de desentrenamiento pueden tener sobre las variables
neuromusculares y de rendimiento que condicionan el éxito en deportistas de elite.
Los principales hallazgos del presente estudio fueron que un periodo de 5 semanas
de una marcada reduccion de entrenamiento en un grupo de piragiistas de élite,
parecen ser efectivos para minimizar los drasticos descensos de los niveles de
fuerza que tienen lugar tras una fase de cesion completa de entrenamiento de la
misma duracion, asi como para permitir mantener los valores de masa libre de grasa
en niveles préximos a los habituales. No obstante, los niveles de velocidad con el
45% del 1RM fueron mas dificiles de mantener en ambos grupos, aunque el grupo
de RE puedo prevenir parte de los grandes descensos que ocurrieron el grupo de
CE. Las 4 semanas de puesta a punto fueron efectivas para mantener la fuerza
dinamica maxima y la Vsse, €n los palistas, pero no para producir cambios positivos.
Estos datos indican que a pesar de que se detectaron descensos del rendimiento en
ambos grupos (CE y RE) entre T2 y T3, la cesion total de entrenamiento produjo
mayores pérdidas de rendimiento neuromuscular que los que se detectaron tras la

estrategia de reduccién de entrenamiento.

Debido al aumento del nimero de competiciones y las elevadas exigencias
del deporte moderno en alto nivel, una excesiva pérdida de rendimiento
neuromuscular durante los periodos de transicion entre temporadas puede provocar
descensos importantes en el rendimiento de los atletas para los siguientes ciclos de
entrenamiento. Ademas, la reduccién del volumen de entrenamiento que
generalmente se realiza durante las fases de puesta a punto pueden aumentar las
citadas pérdidas de la condicion fisica. Para deportistas de élite, en el presente
estudio se han detectado pérdidas significativas de fuerza (descensos del -8.9% vy -
7.8% del 1RM en PB y DR, respectivamente) tras 5 semanas de cesion total de
entrenamiento. Por el contrario, la practica de una sesién semanal de entrenamiento
de fuerza permitié al grupo de RE reducir en mas de la mitad la magnitud de las
caidas de fuerza maxima (3.9% en PB y 3.4% en DR) (Fig. 2A). Las pérdidas no
significativas de fuerza maxima durante la fase de puesta a punto (~2% en ambos
grupos y ejercicios) pueden ser explicadas por la gran reduccién del volumen de
entrenamiento de fuerza que se llevO a cabo durante estas 4 semanas en

deportistas del mas alto nivel. Los descensos observados en los valores de fuerza
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dinamica maxima para el grupo de CE tras la fase de DTR, fueron similares a los
encontrados por otros autores en deportistas experimentados en el entrenamiento
de fuerza tras 4 semanas de desentrenamiento: 10% en sentadilla completa
(Hakkinen y Komi 1993), 9% en PB y 6% en media sentadilla (Izquierdo y cols.
2007). Periodos mas largos de CE (8 semanas) parecen resultar en descensos mas
pronunciados en la fuerza, tal y como observaron Hakkinen y cols. (1981), quienes
detectaron descensos de la fuerza de un 11.6 y 12.0% en sentadilla y extension de
rodilla respectivamente. Sin embargo, tras periodos mas cortos de desentrenamiento
las pérdidas de fuerza muscular han demostrado ser minimas (Hortobagyi y cols.
1993; Houmard y cols. 1993).

La V450 experimentd descensos significativos tras las 5 semanas de la fase de
DTR, pero se mantuvo inalterable durante la fase de puesta a punto (TAP). Este
hecho parece mostrar que el periodo de TAP empleado en el presente estudio fue
efectivo para mantener la velocidad ante cargas de maxima potencia pero no
permiti6 aumentos del rendimiento en esta variable, hallazgos similares a los
descritos por Izquierdo y cols. (2007) tras una fase similar de TAP de 4 semanas de
duracion. En el grupo de CE, la Vs descendid un -12.6% y un -8.3% en los
ejercicios de PB y DR respectivamente (Fig. 2B). La estrategia de RE Unicamente
permiti6 amortiguar las caidas abruptas de la Vs detectadas en el grupo de CE,
registrandose para el grupo de RE unas caidas del -9.2% para PB y -6% para DR.
Estos hallazgos muestran que los periodos de desentrenamiento producen mayores
caidas en la potencia muscular que las descritas para la fuerza maxima (Izquierdo y
cols. 2007; Kraemer y cols. 2002; Neufer y cols. 1987), y sugiere la necesidad de
incluir en los programas de RE estimulos especificos de entrenamiento para
mantener los niveles de potencia maxima en estos deportistas de alto nivel. Estos
resultados parecen sugerir que los niveles de potencia muscular sufren descensos
mas acusados de su rendimiento que los valores de fuerza méxima en deportistas
de élite durante un mismo periodo de tiempo. Estos resultados son similares a los
descritos por Fry y cols. (2006), quienes también encontraron descensos
significativos a nivel neuromuscular tras provocar el sobreentrenamiento en atletas
con gran experiencia en el entrenamiento de fuerza. Estos datos enfatizan la
necesidad de establecer la carga Optima de entrenamiento en cada fase de la

periodizacion en deportistas de alto nivel.
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Los incrementos detectados en el sum de 8 pliegues (~23%) tras la fase de
DTR en ambos grupos fueron mayores que los descritos en la literatura para
deportistas experimentados tras 2-6 semanas de CE (Tabla 1) (Hortobagyi y cols.
1993; Izquierdo y cols. 2007; Terzis y cols. 2008). Estas diferencias pueden
atribuirse a diferentes factores: la ausencia (CE) o la insuficiencia de entrenamiento
(RE) aerdbico durante la fase de desentrenamiento; los valores especialmente bajos
de masa grasa detectados en los kayakistas durante la semana de la competicion
principal de la temporada (T2); y la ausencia del control sobre la dieta de los
deportistas durante la fase de desentrenamiento. Las caidas de la masa libre de
grasa de un 3% tras la CE son resultados similares a los descritos previamente
(Allen 1989; Hakkinen y cols. 1981), que detectaron descensos de la masa muscular
tras 6-8 semanas de cesion total de entrenamiento. A diferencia del grupo de CE, la
masa libre de grasa permanecié estable en el grupo de RE (Tabla 1), resultados que
apoyan la conveniencia de realizar un programa de mantenimiento durante la fase

de desentrenamiento.

Resulta destacable el hecho de que los descensos del VOonmax tras las fase de
DTR fueron mucho menores para el grupo de RE (-5.6%), realizando Unicamente
dos sesiones semanales de mantenimiento de resistencia, que los descensos del
grupo de CE (-11.3%) tras 5 semanas de cesion completa de entrenamiento de
resistencia. Al expresar los valores de VO,nax €n relacion a la masa libre de grasa
(Fig. 3), los resultados muestran igualmente la efectividad de llevar a cabo un
programa de reduccion de entrenamiento. Estos hallazgos pueden sugerir la
conveniencia de realizar un mantenimiento minimo de entrenamiento de resistencia
durante los periodos de transicibn con objeto de minimizar las pérdidas de la

potencia aerobica.

En conclusién, nuestros resultados apoyan investigaciones previas mostrando
como cortos periodos de cesién de entrenamiento producen mayores descensos de
la fuerza y potencia muscular en sujetos de alto nivel con gran experiencia en el
entrenamiento de fuerza y resistencia, comparado con la estrategia de reduccion de
entrenamiento. Ademas, la potencia muscular parece ser especialmente susceptible
a los periodos de desentrenamiento en deportistas de alto nivel, produciendo
pérdidas con mayor celeridad que sobre la fuerza maxima. Estos resultados pueden

sugerir la necesidad de incorporar programas de reduccién de entrenamiento para
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evitar excesivas pérdidas en el rendimiento neuromuscular y la masa libre de grasa

en las fases de recuperacién mayores de 2-3 semanas.
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Endurance and neuromuscular
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kayakers during a periodized training cycle

JesU's Garcia-Pallaret Luis Sanchez-Medinat
Luis Carrascot Arturo Diazt Mikel Izquierdo

Abstract This study was undertaken to analyze change&.2%) and PBP (5.3%) 45

in selected cardiovascular and neuromuscular Vasah a
group of elite kayakers across a 12-week periodiaade
of combined strength and endurance trainiigeven
world-class level paddlers underwent a batteryesfst and
were assessed four times during the training ciole T1,
T2, and T3). On each occasion subjects cetegl an
incremental test to exhaustion on the kayak-ergemiat
determine maximal oxygen uptak€O,,,,), second ven-

in BP (14.4%) and
PBP

(10.0%) were observed from TO to T3. A 12-week jeri
odized strength and endurance program witkeciap
emphasis on prioritizing the sequential depelent of
specific physical fithess components in each trgjrphase
(i.e. muscle hypertrophy andT2 in P1, and maximal
strength and aerobic power in P2) seemsctifte for
improving both cardiovascular and neuromuscularkerar

tilatory thresholdVT2), peak blood lactate, paddling speedf highly trained top-level athletes.

at VOomax (PSnay and atVT2 (PSyr), stroke rate at

VO,max and atVT2, heart rate a¥O,ax and atVT2. One-

repetition maximum (1RM) and mean velocity with 45% Endurance performance

Concurrent training  Resistance trajni
Canoeing  Exercise testing

Keywords

1RM load (V4se) Were assessed in the bench press (BPgriodization

and prone bench pull (PBP) exercises. Anthnogtric
measurements (skinfold thicknesses and mugatins)
were also obtained. Training volume and exercisensity
were quantified for each of three training phades, (P2,
and P3). Significant improvements WO54x (9.5%), V0,
at VT2 (9.4%), PSax (6.2%), PS> (4.4%), 1RM in BP

Introduction

It is generally accepted by coaches and sport tisighat
to maximize physiological adaptations and to avoer-
training, proper handling of training progranariables,
including the intensity, frequency and volume oémise,
is required. This is especially important in spontisere
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both endurance and strength need to be simuoiteshe
enhanced to optimize performance (e.g.yakiag).
Because strength and endurance training elicitndisand
often divergent adaptive mechanisms (Na@épg Sale
et al. 19903, the concurrent development of both fithess
components in the same training regime can leadote
flicting neuromuscular adaptations.

This potential conflict has been referred das an
‘interference phenomenon’ and it was first desatitimy
Hickson (980, who observed compromised strength
development, when strength and endurance trainiage w
applied concurrently. However, results of saduent
research have been equivocal, with studies botpastipg
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(Bell et al. 200Q Craig et al.1991, Dudley and Djamil
1985 Hennessy and WatsatB94 Kraemer et al1995H
and questioning (Hakkinen et @003 Hunter et al1987,
McCarthy et al1995 2002 Sale et al1990g the universal
nature of such interference. Several factors schigial
training status of the subjects, exercise enodolume,
intensity and frequency of training, schedulingsesions,
and dependent variable selection may influencéethel of
interference and explain the contradictory resaftéhese
studies (Docherty and Spor@00Q Leveritt et al.1999

minimizing the possible interference effecin the

simultaneous training of the strength aeddurance
components of physical fitness. Therefore, wias the
purpose of the present study to examine éfiects

brought about by a 12-week periodized program
combined strength and endurance training elected

neuromuscular and cardiovascular parameters inoapgr
of world-class level kayakers.

Sale et al19903. A detailed examination of the existingMethods

research on this topic seems to indicate that thane,
especially the frequency of training, may play iéical role
in the adaptations consequent to conctrrgaining
(Hakkinen et al.2003 Izquierdo et al.2005 McCarthy
et al.2002.

Subjects

Eleven male world-class, flat-water kayak paddi@is of
whom were finalists at the World Championships]ude

For example, most of the studies have reported coimg two Olympic gold-medalists) volunteered to tgbart

current training to be detrimental for strengthngaonly,
when training frequency was higher than 3 daysvpeek
(Dudley and Djamil1985 Hennessy and Watsoh994
Hickson 1980 Hunter et al.1987 Kraemer et al1995.

in this study. Mean (SD) characteristics garticipants
were as follows: age 26.2 (2.8) years; height 1837) m;
body mass 86.2 (5.2) kg; training expme 12.4
(2.1) years, annual paddling volume 4,22G4f&m.

The neuromuscular mechanisms related to power prodiBubjects had at least 3 years of familiarizationhwthe

tion and explosive strength development seem tdhee
most affected by the simultaneous training of gjtkerand
endurance (Dudley and Djandib85 Hakkinen et al2003
Hennessy and Watsoh994 Kraemer et al1995. By
comparison, the majority of current research sugptire
contention that concurrent training does not aterability
to adapt to endurance training (Docherty and Sp20é0

testing procedures used in this investigatiand they
followed their respective training routines den strict
supervision from coaches and sport scientisisn the
Royal Spanish Canoeing Federation. No physicaltdimi
tions or musculoskeletal injuries that could afferetining
were reported. Kayakers underwent a complete rakdic
examination (including ECG) that showed alerav in

Hickson et al.1988. Indeed, a number of studies havegood health condition. The study, which was coneldict

concluded that the addition of resistance trairtmgngo-
ing exercise regimens of well-trained endurancéetdh is
beneficial and results in improved endurance peréorce
(Hickson et al.1988 Mikkola et al. 2007 Millet et al.

2002. Nevertheless, the question of which is the nest
of sequencing sessions targeted at different gdaisthe
simultaneous development of strength and emoher,
remains complex and not satisfactorily solved.

according to the declaration of Helsinki, was appobby
the Bioethics Commission of the University of Skyiland
written informed consent was obtained from all salg
prior to participation.

Previous training

Prior to entering the experimental phasetto$ study,

There exists some evidence to support that peeddizparticipants had completed a 5-week transitjperiod

resistance training programs can result in grestiemgth
gains than non-periodized programs (Flecko99

during which no specific paddling or resistancenira
was undertaken. Only some recreational physiciiges

Willoughby 1993. Non-linear or undulating models in(sport games plus cycling or swimming at low intéas)
which short periods of high volume are alternateithw were performed.

short periods of high intensity training atieought to
optimize strength gains (Baker et d994). Unfortu-
nately, there are very few studies in the scientifera-
ture that have explored the effects of periodizedhing
on sports with great demands of both stiengnd

Experimental design and testing sequencing

All subjects followed the same training program idgr
the 12-week duration of the study. Subjects repotte

endurance, and even fewer that have done so usiteg ethe laboratory on four separate occasions (TO,TRLand

athletes as subjects. Based on evidence feoasting
research (Docherty and Spo280Q Leveritt et al.1999
2000 Sale et al.1990h Sporer and Wenge?2003, we
chose to structure a periodized programmed at

T3) throughout the intervention in order &ssess the
selected cardiovascular, neuromuscular and anthmiepo
ric parameters. Testing was completed on three econs
tive days: anthropometry and maximal émcental
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exercise test on the kayak ergometer (day 1), epe-r
tition maximum (1RM) strength (day 2) and wgo
testing (day 3). No strenuous exercise wadertaken
24 h before reporting to the laboratory for tegti The
same warm-up procedures and protocol for epgte
of test were repeated in subsequent occasiand all
testing sessions were performed at the same timgapf
(10-12 h) and under similar environmental dtoas
(20-22 C and 55-65% humidity). In a pilot dstu the
inter-test reliability for measuring maximal oxygeptake
(VO2may, second ventilatory thresholT2), and HR at

Denmark). The first stage was set aat speed of
11.5 kmh™*, and the speed increment was 0.5Hkrh
each minute. Each kayaker freely adjusted his etmaite
(SR) as needed, while this rate was continuousigroked
by means of a stroke counter (Interval 200(elsen-
Kellerman, USA). Heart Rate (HR) was monitored gsin
standard HR telemetry (S610i, Polar Electro Oy,ldFid)
and recorded every 5 s. Paddlers were engedrao
make a maximal effort and complete as many stages a
possible. The test concluded when: (a) the subjet
untarily stopped paddling, or (b) he was hleato

VOomax (HRmay) Was assessed by performing two incremaintain the imposed speed. Breath-by-breath gagy-an

mental paddling tests to volitional exhaustion, ssafed
by 3 weeks, on a kayak ergometer on 12 elite jumiate
kayakers, of international competitive level in the0 m
and 1,000 m sprint flat-water events. No significdii-
ferences were observed between the 3-weeksurea
ments in the endurance variables analyzedddlPg
testing variables showed reliability coeffidienranging
from 0.92 to 0.98. The coefficients of variation\Cfor

sis was conducted throughout using an automatededae
Oxycon Pro system (Erich Jaeger, Germany)e Bas
analyzers were calibrated using a 4.95%,35.05% N

gas mixture (BOC Gases, Surrey, UK), and the volume
sensor using a 3-L calibration syringéT2 was deter-
mined from gas exchange measurements using thexiarit
of an increase in both ventilatory equivalefig VO3*

and Vg VCO5?! ratios) and a decrease in the end-tidal

VOomax VT2, and HR..x ranged between 3.2 and 5.1%.carbon dioxide tension fRC0O,). Two independent and

The test-retest intraclass correlation ficdehts for
all strength/power variables used in this dgtuwere

experienced observers maif@2 determinations. If there
was disagreement between the two, a third obsemaesr

greater than 0.93 and CV ranged from 0.9 to 2.9%. Nyought in.VO,nax was defined as the average of the two
control group was used because including such apgrohighest single consecutive 15/, mean values attained

while studying elite athletes could be consideréghlly
unethical, since withholding important trainingtimuli
would be detrimental to the athletes’ progress éfrar
2009.

Anthropometry

toward the end of the test. The following variablesre
determined for each paddler:, @ptake atVT2 (VO, at
VT2), VT2 as a percentage &Oomax [VT2 (%VOomanl,
HRyax HR atVT2 (HRyt,), SR atVOomax (SRnay, SR at
VT2 (SRyr2), paddling speed a¥T2 (PS;,) and pad-
dling speed atvVOomax (PSnay- Capillary whole blood
samples were taken from each kayaker’s earlobengluri

Anthropometric measurements included: standing Higig test recovery (minutes 1, 3, 5, 7 and 10)degermine

body mass, skinfold thicknesses (triceps brachibssap-
ular, suprailiac, abdominal, anterior thighedial calf,
supraspinale and biceps brachii), and muscle g{thsst,
forearm, thigh, calf), and were performed the tsame
experienced investigator in accordance withidgjines
from the International Society for the Advament of

peak lactate concentration ([gea) using a minipho-
tometer (LP20, Dr. Lange, France).

Maximal strength and muscle power assessment

1RM was determined in the bench press (BP) andepron

Kineanthropometry (ISAK). Height was measured te thbench pull (PBP) using free weights. These wereseho

nearest 0.1 cm during a maximal inhalation, andybrodss
to the nearest 0.1 kg using a calibrated scalea(Séd,
Hamburg, Germany); skinfold thicknesses andsatau
girths were assessed, respectively, by usingkinfold
caliper (accurate to 0.2 mm) and flexible measurdrtape

(1 mm), all from the Harpenden range of anthropoimet

instruments (Holtain Ltd., UK).
Maximal incremental exercise test
After a 5-min warm-up at a speed of 9 km', subjects

completed an incremental paddling test to iticolal
exhaustion on a kayak ergometer (DanspépS,

because they are typical resistance training esescused
in the sport of canoeing, and are useful to asseesgth
and power in the opposing upper-body muscle actafns
pushing and pulling. Warm-up consisted of 5 minstH-
tionary cycling at a self-selected easy pace, ¥atid by 5
min of static stretching and upper-body joint maition
exercises. After a 3-min recovery, a set of sixetitjons
with the estimated 60% 1RM load, and another set-&
repetitions with the estimated 80% 1RM load &ach
exercise were performed. Thereafter, each estbper-
formed 3-5 more one-repetition sets with 5-min vecy
pauses until his 1RM load could be determined veith
precision of 2.5 kg. After two failed attempts hetsame
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load, the test was terminated. The heaviest loatigéhch
subject could properly lift, without any externadlp, was
considered to be his 1RM.

Compliance with training requirements was excellfemt
all participants.

On the following day, mean concentric velocity with Endurance training

45% of the previously determined 1RM lo&dys.) was
assessed for both exercises. This load was chasea i
has been proved to be very close to the load thatmizes
the average mechanical power output for isoinettgder-
body resistance exercises (Cronin and Slei&d05

Three training zones were identified accordity the
exercise intensity: zone 1 (Z1), light intensitgldw VT2;
zone 2 (Z2), moderate intensity, betweér2 and 90% of
VO,max and zone 3 (Z3), high intensity, between 90% and

Izquierdo et al2002). After an identical warm-up, subjects 100% ofVOo.max NO higher, supramaximal intensities were

performed two sets of three repetitions with th&4BRM

used in this study. A description of the charastas of

load, using a 5-min recovery pause between setanMeendurance exercise modes used for training eaemsity

velocity was recorded by means of a lingasition
transducer (MuscleLab, Ergotest Technology, Oslor-N
way). The mean velocity of the three best repetitidor
each subject was registered as\the,, In the BP, subjects
lay supine on a flat bench, with their feet restitag on
the floor, and hands placed on the barbell slightlger
(5-7 cm) than shoulder width. After lowering therkll
to the chest, they pushed upwards, at maximum igldo
the full extension of their elbows. The subjectsavaot
allowed to bounce the bar off their chestsraise the
shoulders or trunk off the bench. If this occurréds trial
was rejected and subsequently repeated. In the P&k,
dlers were instructed to lie prone and place tkgin on
the padded edge of a high bench. The pulling phagan
with both elbows in full extension, while the bdibeas
grasped with hands shoulder-width apart or slightigier
(4-5 cm). The participants were instructed tdl puith
maximum effort until the barbell struck the unddesiof
the bench, after which it was again lowered to gteating
position. In both exercises, subjects’ positionglm bench
and grip widths were measured so that thewld be
reproduced on every lift.

Periodized training program

The training cycle was divided into threensecutive
training phases. Phases one (P1: from TO to T1)tend
(P2: from T1 to T2) had a duration of 5 weeks, wtthe
final phase (P3: from T2 to T3) lasted only 2 weekso
prioritized targets per fithess component (enduzaand
strength) were chosen to selectively work upon ache

zone is provided in Tablé. The relative contribution of
each of these intensities to the total traininguweg for
each phase was markedly different (Fig. Volume and
intensity were carefully controlled and quantififed each
training session throughout the full 12-week tragncycle.
The main variables used for endurance training toang
were: time spent (hours) and distance covered (fan)
volume; and HR and paddling speed for intensitystéice
and speed were registered by means of a GPS receive
(Garmin 201, Garmin Ltd., USA). Total time devottx
endurance training was 524 1.9 hin P1,49.5: 1.5 hin
P2 and 21.5- 0.8 h in P3. Number of endurance training
sessions per week ranged from 10 to 15.

Resistance training

Exercise type, loading intensity, number of setd sape-
titions as well as rest pauses were differfar each
training phase (Tablg), and subjects completed three
strength training sessions per week. Training feetiéon
failure was deliberately avoided, and paddlers wawe-
stantly encouraged to perform each repetition aximal
concentric velocity, regardless of the loa€ing lifted.
Eccentric actions were always performed in a slom-c
trolled manner, lowering the weights in approxinhate s.

In maximal power training sessions (P3), eaeh \was
terminated when mean velocity decreased by more tha
10% of the best (fastest) repetition’s mezoncentric
velocity. In all strength training sessionglume was
recorded using total load lifted (kg) and numberrepe-
titions completed. Intensity was assessed as pagerof

phase: P1VT2 and muscle hypertrophy; P2, maximatlRM, and mean concentric velocity in each repetitas

aerobic power and maximal strength; and B3cific
kayaking racing pace and maximal power output. ilgst
was undertaken in the first week of each phase TIQand
T2) and again at the 13th week, right after the metion
of the training program (T3). Athletes exsed daily,
except one full rest day per week. Strength trgjirsessions
were preferentially arranged prior to endurancesiees;
when this was not possible, sufficient recoveryeti(6—8 h)
was allowed before undertaking resistaritaining.
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measured by the linear position transducer. Alhtrey was
supervised by professional coaches with severatsye
experience in the training of kayakers and canseiBbtal
strength training volume was 1546 0.8 h and 2,43@& 42
repetitions during P1, 132 0.7 h and 66Gt 13 repeti-
tions during P2, and 8.4 0.5 h and 52Gt 14 repetitions
during P3. The relative contribution of easfrength
training type to the total training volume in eagghase is
shown in Fig.2.
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Table 1 Description of the endurance training nsodeged for each intensity zone

Intensity zone Total volume (min) Sets Repetitions Work period (min) Rest period (min) Intensi®pV Oz may
Z1 70-120 1 1-3 20-90 1-3 70-80
z2 40-90 1-4 1-10 5-20 1-4 80-90
Z3 20-60 2-5 4-8 1-8 2-8 90-100
ST I00= e S S e s [ Maxima! Strength & Maxima! Power
= ARk E a1 - T/
) ARty =~ 1001 e o] Oy
£ NN = IS iy
E AT & 22 = NHHT
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Fig. 1 Relative contribution of each exercise nisiey zone to the
total endurance training time performed irctegphase. Z1 light ) o o )
intensity belowvT2, Z2 moderate intensity betwedfT2 and 90% of Fig. 2 Relative contribution of each strengthrtiag type used in
VOumae Z3 high intensity between 90 and 1009V this study to the total training volume in each sgha

Statistical analysis Cardiovascular and endurance performance changes

Standard statistical methods were used for theulzlon VO,ayincreased by 3.5% from TO to T1 (P 0.063) and
of mean values and standard deviations (SD). The Ky 5.3% from T1 to T2 (AN 0.01), while no significant
mogorov—Smirnov test was applied to determine #iteire  differences iV O,maxWere observed from T2 to T80, at
of the data distribution. Because a normal distitiuwas VT2 increased significantly between TO and T1 (12.4%,
confirmed, repeated measures ANOVA was used to-ev@\ 0.01) but decreased by 4.3% from T1 T@
uate changes in selected variables over the 12-wvagk (P \.0.05). VT2 (%VO,may) Significantly increased from
ing period (TO-T1-T2-T3). Tukey’s post hoc test wesed TO to T1 (8.6%, P\ 0.01), while it decreased 9.0%
to identify the source of any significant differesc Sig- (P \.0.01) when comparing T1 to T2. RS improved at
nificance was accepted at theNF0.05 level. T1 (2.1%, P\ 0.05), T2 (2.0%, P= 0.068) and T3 (2.0%,
P\ 0.05). No significant differences were observedtfar
rest of the variables analyzed (HR HR/12, SRnax
Results SR/12, and [La]may (Table4; Fig. 3).

Anthropometric changes Strength and power changes

Changes in anthropometric measurements are reported From TO to T1, 1RM improved significantly (9.7 and%
Table3. for BP and PBP, respectively, \°0.01), while V450,

Table 2 Types and characteristics of resistaraiaiig

Exercises Sets Repetitions Load (%1RM) Rest (min)
Hypertrophy Bench press, prone bench pull, sqietilder press, pull ups 4-5 8-10 70-75 2
Maximal strength Bench press, prone bench pullasqu 34 3-4 85-90 4
Maximal power Bench press, prone bench pull 4-5 ?%5-8 45 4

& Each subject performed the maximum possible numbegpetitions until mean concentric velocity dregdy more than 10% of the fastest
repetition velocity within that set
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Table 3 Changes in anthropometric parameters

T0 T1 T2 T3
Body mass (kg) 86.0 4.4 88.1+ 4.8 85.9+ 4.5 85.6+ 4.6
Sum of four skinfoldd(mm) 35.5+ 2.9 34.0x 2.3 29.0% 2.1% 343+ 2.F
Sum of eight skinfolds(mm) 67.4x 5.1 63.5+ 4.3 53.5+ 3.9 638 = 4.5
Thigh girth (cm) 56.4+ 1.8 58.2+ 1.6 57.6+ 1.6 57.3+ 1.8
Chest girth (cm) 105.2 3.8 109.2+ 3.9* 107.5+ 3.4 107.1+ 3.9
Forearm girth (cm) 28.81.1 293+ 1.1 28.9+ 1.3 28.7+ 1.1
Calf girth (cm) 36.0+ 0.7 37.2+ 0.9 37.0+ 1.0 37.0+ 0.9

Data is expressed as me#&rSD

* Significantly different (P\.0.05) when comparing TO to T1

# Significantly different (P\.0.05) when comparing T1 to T2

£ Significantly different (P\.0.05) when comparing T2 to T3

& Triceps brachii, subscapular, supraspinale, abdaimin

® Four skinfolds? biceps brachii, suprailiac, anterior thigh, medialf

Table 4 Changes in selected physiological andopmdnce variables across the 12-week training progre

TO T1 T2 T3
PShax (km h™Y) 145+ 0.3 14.8+ 0.2* 15.1+ 0.3 15.4+ 0.2
PS/r, (km h™?) 13.6+ 0.2 13.9+ 0.2* 141+ 0.2 142+ 0.3
[LaTpeax (Mmol L7Y) 125+ 3.3 11.8+ 2.5 12.8+ 2.2 13.0+ 2.8
HRmax (beats min?) 194+ 8 188+ 8 189+ 10 189+ 7
HRyr, (beats min®) 175+ 7 172+ 7 171+ 6 172+ 6
SRyax (Strokes min?) 104+ 5 101+ 9 101+ 7 103+ 8
SR/, (strokes min?) 88+ 4 84+ 6 85+ 5 85+ 7

Data is expressed as mearSD

* Significantly different (P\. 0.05) when comparing TO to T1

£ significantly different (P\.0.05) when comparing T2 to T3
Significantly different (P\.0.05) when comparing TO to T3

# 1t BRSO E® a0 was close to statistical significance (5.3%=P0.077 for
70 < TT x o BP and 4.6%, P= 0.082 for PBP). From T2 to T3, 1RM
~ 54 _ T 1 ] T # - 90 values ;ignificantly decreased by-4.6 and 4.5%(9.95)
'c oY | | N+ T 80 respectively for BP and PBP. Simultaneoustyse, Sig-
,.-E 60 1 § B nificantly improved by 11.0% (M. 0.01) in BP and 7.1%
2 554 § - 70 § (P\.0.01) in PBP. When comparing TO and T3 values for
g 504 § - L0 3 these variables, significant improvements were foim
) \ I 1RM values for BP (4.2%, R 0.05) and PBP (5.3%,
> 454 § E 50 P\ 0.05). Significant increases were also obskrie
40 4 \ L 40 V450, for both bench press (14.4%,%0.001) and prone
TEm ) | W || EERY LT bench pull exercises (10%,%0.001) (Fig.4).
VO,ax VO, atVT2 VT2 (%VOy,,,)

Fig. 3 Changes iWO,, and VT2 across the 12-week training . .
programme. Data is presented as mea8D. Significant difference; ~ Discussion
*P\.0.05 from TO to T1?P\.0.05 from T1 to T2P \.0.05 from

Tl and T2, P\0.05 from TO to T3 This study details the changes in selectaduence,

anthropometric and strength-related parameters asfdw
remained unchanged in both bench press and pramgh beclass level kayakers across a 12-week periodizadinig
pull exercises. Between T1 and T2, no significdrgnges cycle. The results are important and unique tiughe
were observed in 1RM values, whilkse, improvement internationally elite level of the athletethe very high
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Fig. 4 Changes throughout the 12-week traininggynmme in 1RM
strength (a) and mean concentric velocity attainéth 45% 1RM

load (b) in the bench press and prone bench paliceses. Data is
presented as meah SD. Significant difference: *A\ 0.05 from TO

to T1,%P \.0.05 from T2 to T3, P\.0.05 from TO to T3

demands of strength and endurance of their spscigine
as well as the scarcity of this type of study ia literature.
The main finding of the present study was that Ezkvof
periodized training was effective for inducing sfgrant
gains in both strength and muscle powerwadl as
endurance performance, showing that it issipbs to
simultaneously develop these different physifithess
components in a relatively short period of time atda
world-class level of performance.

It has been previously reported that a properlygies!
and implemented periodization scheme could be t&
approach to minimize the potential interferencee& in
simultaneous strength and endurance training (B2Get:

minimized. In particular, the periodized trainingpgram
used in this study deliberately avoided mixing #pecific
training objectives of muscle hypertrophy .(igtrength
training objective at P1) and maximal aerobic poyer.
endurance training objective at P2), becatlsse are
thought to be two modes of training that lead tpaxgite
physiological adaptations at the peripheral levelt tpre-
vent the body from optimally and simultaneously [#iey
to both of them (Leveritt et all999. Thus, while hyper-
trophy training would be attempting to increasetcaxstile
protein synthesis in the muscle, causing idenable
metabolic and hormonal stress at the cellular |evaining
for aerobic power would require the muscle to iaseeits
oxidative capacity (Docherty and Spo90Q Sale et al.
19903. On the contrary, training at lower aerobic irgien
ties (75-85%V0,may Such as those usually employed to
improve theVT2 would induce more centrally mediated
adaptations that would be expected to causehniess
interference with the method of strength developmeéa
muscle hypertrophy (P1). The cited model also ptedi
less interference when concurrently training forxmmal
strength/power and aerobic power (P3), becauseraire-
ing stimulus for increasing strength would baainly
directed at the neural system (increased motor finig
rate and changes in synchronization, recruitmertiigtier
threshold motor units, etc.), not placing hightabelic
demands on the muscle. Therefore, it appéaas the
manipulation of training intensity in each trainipbase is
critical to avoid potential interferences iooncurrent
training (Docherty and Spor@000).

Although the total volume of endurance training was
very similar for the first 5-week training phasé&2.( h for
P1 and 49.5 h for P2), training intensity was radik
different. While in P1 most of the training volunweas
devoted to improving th&T2 (57% of total training time
in Z2), aerobic power development was favoured th P
(44% of total training time in Z3). The sgiwity of
training appears to be reflected in the observedicaas-
cular changes observed within every training phasess,
VO, at VT2 was the variable that improved the most in P1
(12.4%), wherea® O,max increased more than any other
cardiovascular variable in P2 (5.3%) (F8). TheVOsmax

bmean value of 68.1 mkg~* min~* reached after the
12-week training intervention is significantly higghthan
that obtained by other authors with high-levelydkers

Docherty and Spore2000. However, little is known about using similar ergometry testing protocols (i.e. thoi the

what would be the optimal structure for such pemation
during sports requiring both strength and aeroledqu-

54-60 mLkg™* min~* range) (Bishop et aR002 Fry and
Morton 1991, Tesch et al1983 Van Someren and Oliver

mance (e.g. Olympic kayaking). According to the elod 2002. Although the endurance training performed in P1

proposed by Docherty and Spor@0@0, we chose to
prioritize the fithess components to sequentialyalop in
each training phase so that potential interferenoethe
simultaneous training of strength and endurancédcbe

was not directly focused towards the developmenaert
obic power (Fig.1), the almost significant improvement in
maximal aerobic power (3.5%) after this training gda
(Fig. 3) is probably due to subjects exhibiting a paraciyl
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low initial level because of the previous 5-weednsition  for upper-body exercises (Fi). During this type of
period. As mentioned above, a 5.3% mean improveinenttraining, the number of repetitions performed ircleset
VO.max Was obtained in P2, after increasing training timevas carefully controlled by monitoring the velocdf each
devoted to aerobic power (i.e. from 5.3 to 21.& training repetition and giving immediate feedback to theled¢h
in Z3) for these already highly trained atBs. The The set was stopped when velocity dropped by nitae t
observed changes MO, in ONly 12 weeks of training 10% of the fastest repetition mean concentgtocity
(9.5% increase from TO to T3; F§). are of similar (Table2). This made it possible to attain very high power
magnitude to those of 8.0% described in a prevaiudy output values in only a few selected repetitiorssaeady
(Tesch et al.1976 with international-level kayakers andsuggested by some authors (Baker and New0d7,

canoeists after a longer training period (8 months)
Similarly, the specificity of endurance trainingoand
the VT2 during P1 (57% of total training time in Z2; Fit)
brought about important increases\Vi®, at VT2 (12.4%).
In P2, coinciding with an important reduction imiting
time spent at Z2 (only 32% in this intensity zonéd),

Izquierdo et al2006h Tidow 1995, as an effective strategy
for improving maximal power in highly trained elitgh-
letes. By contrast, maximal dynamic strengthreased
considerably in P3 (4.5% in both exercises; Bi)geven
though 20% of total training time during this phagas of
maximal strength type (Fi@®). This could be explained by

values atVT2 significantly decreased by 4.3%; whereas nthe significantly reduced volume and intensity i&irting

changes for this variable were observed B Rfter
completing the 12-week training cycl®T2 (%VO,may
was identical to the starting value (80.5%), desthitefact

during this final tapering phase, perhaps sugggstivat
high-intensity stimuli are needed in order maaintain
maximal strength gains in these highly traineded#éid. The

that VO, at VT2 was significantly higher (increasing from 1RM strength values, together with the hig®,,.x and

50.1 to 54.8 mlkg™! min~* from TO to T3) (Fig.3).
Variables closely related to actual kayakipgrfor-

VO, at VT2 found in this study confirm the huge require-
ments of aerobic power and strength of Olympic repri

mance, such as Rg and P$r, increased steadily and kayaking.

similarly throughout the training cycle until reaet an

Despite the time devoted to endurance trainingdyein

improvement of 6.2 and 4.4% between TO ar®l Taverage, more than triple that of resistanning,

respectively (Tabld). It is noteworthy that RS

improved from 15.1 to 15.5 kin™* in the final 2 weeks
(P3). The peak blood lactate concentration fourter ahe
incremental test to exhaustion on the kagagometer

strength and power markers improved testly
throughout the study. Together with the above-noetil
strategy of prioritizing the development of twodar fit-
ness components (i.e. one for strength amothar for

(13.0%+ 2.8 mmol 'Y was comparable to the valuesndurance) in each training phase, thmulineous
reported in the literature (Bishop et aD02 Tesch et al. improvement in strength and endurance markers wbder
1976 1983 for similar top-level kayakers (i.e. 13— in the present study may be explained by otherofact
16 mmol L), and occurred at between 5 and 7 min ofvhich we believe helped to reduce conflicting adtiphs

recovery in all subjects.

in the concurrent training of strength and enduear@ne

The improvements in 1RM values for the bench presmportant aspect was controlling for training vokirand,
exercise (9.7%; Figd), after 5-week of hypertrophy-ori- especially, limiting the frequency of resistancairting to

ented strength training performed in P1, are coaigarto
those described for this exercise for moderatelgnsgth-
trained athletes following similar concurretraining
routines in elite junior basketball and soccer ptay(from

5.2 to 9.6%) (Drinkwater et aR005 2007, or handball
players (16%) (Marques and GoteaBadillo 2006 after

6-week training. This notable increase in maxintedrgth
was obtained even though only very modestlse of
hypertrophy were detected in such a short traimihgse;
thus, chest girth was the only variable significantly
increase during this period (Tab®. Unfortunately, MRI
or other more sensitive measurements to wscethe
extent of possible hypertrophic changes weo¢ per-
formed in the present study. The greatest improvesne

only three sessions per week because, as alreahlgsaed
in the introduction, higher frequencies hapmved to
compromise strength gains in most concurrgaining
studies. Research has also highlighted the impoetaf
the order and timing of the aerobic and strengiining
sessions in order to minimize possible interfereeffects
(Leveritt et al.1999 200Q Sale et al.1990h Sporer and
Wenger2003. Thus, insufficient recovery between train-
ing sessions might limit simultaneous adaptei to
strength and endurance training. Residual fatigoenfa
previous aerobic session could cause a reductiothen
quality of subsequent strength training by compsing
the ability of the neuromuscular system to rapidévelop
force (Leveritt et al.1999 and/or reducing the absolute

V506 (11% in BP and 7% in PBP) clearly occurred after P¥olume of strength training that could be perfornmeduch

where 80% of total resistance-training volume wpsns
on specifically working with maximal power outpaalds

condition (Sale et al1990h. Additionally, acute changes
in metabolic activity have been reported to beratteby a

197



Eur J Appl Physiol

preceding bout of endurance exercise (Leveritt.2G00).
Consequently, and following the suggestions outlirosy

Sporer and Wenger2@03, we decided to schedule

strength sessions before endurance sessions on mdte
feasible, to separate both types of training sessly at
least 6—8 h to allow for restoration and glycogepletion.

Two other aspects that we purposely introducedchin t

design of the training program were the dsace of
strength training sessions leading to muscle failmd the
emphasis placed on performing each repetition exbty,
with maximal intended concentric velocity. Thesea-
sures are based on suggestions from previeasarch
(Cronin and Sleiver2005 Folland et al.2002 Izquierdo

et al. 20063, and are aimed at maximizing adaptations in

the neural component of strength as well as tryingvoid
excessive fatigue or mechanical and metabsti@in,
which could negatively influence the quality of seljuent
training sessions. In the study of Saleakt (19900,
although same day concurrent resistance ambi
training induced very similar levels of muscle hstpgphy
to those obtained when training strength and emderan
different days, strength gains were significantigher in
the latter case. Therefore, it seems likéat neural
adaptations are impaired when combining strerand
endurance in the same training session, so thahpgoove
neuromuscular performance and make the most aigttre
training, sessions must be undertaken in ell-rested,
unfatigued state. One may also speculate that aimito
the concurrent strength and endurance program noesfb
in the present study, the shortest eventskapfaking,
canoeing and rowing could benefit from periodize®-p

grams, where emphasis is placed on developing naxim
strength and maximal muscle power in certain phades

the training cycle.

A final aspect worth noting has to do with the spec
modality of exercise used in strength andiuemnce
training. In the few studies that have usggper-body
exercise modalities of resistance and endurandeirtga
there appeared to be no interference in strengtielole-
ment, when concurrent training was comgarwith
strength training alone (Leveritt et 81999, whereas the
‘interference phenomenon’ described by Hicksd®80
was relative to lower body exercise, in \himuscle
strength is not a limiting factor. It remains to degtermined
whether there exist differences in concurrent tngirwhen
training upper or lower-body musculature.

In summary, a 12-week periodized strength and enddr

ance training program with special emphasis onripdng
the development of specific physical fitness congras in
each training phase (i.e. muscle hypertrophy déd in
P1, and maximal strength and aerobic power in B&jns
effective in improving both cardiovascular and memus-
cular markers of highly trained top-level athletes.
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Post-season detraining effects on physiological and performance parametersin
top-level kayakers: comparison of two recovery strategies
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Abstract

This study analyzed changes in physiological parameters,
hormonal markers and kayaking performance following 5-wk of
reduced training (RT) or complete training cessation (TC).
Fourteen top-level male kayakers were randomly assigned to
either a TC (n = 7) or RT group (n = 7) at the end of their
competitive season (T1). Subjects undertook blood sampling
and an incremental test to exhaustion on a kayak ergometer at
T1 and again following 5 weeks of RT or TC (T2). Maximal
oxygen uptake (VOuns) and oxygen uptake at second
ventilatory threshold (VT2) significantly decreased following
TC (-10.1% and -8.8%, respectively). Significant decreases were
also observed in RT group but to a lesser extent (-4.8% and -
5.7% respectively). Heart rate at VT2 showed significant
increases following TC (3.5%). However, no changes, were
detected in heart rate at V O, in @ny group. Pesk blood lactate
remained unchanged in both groups at T2. Paddling speed at
VO,nax declined significantly at T2 in the TC group (-3.3%),
while paddling speed at VT2 declined significantly in both
groups (-5.0% and -4.2% for TC and RT, respectively). Stroke
rate at V Ooma and a VT2 increased significantly only following
TC by 5.2% and 4.9%, respectively. Paddling power at V Oonax
and at VT2 decreased significantly in both groups although the
values observed following RT were higher than those observed
following TC. A significant decline in cortisol levels (-30%)
was observed in both groups, while a higher increase in
testosterone to cortisol ratio was detected in the RT group.
These results indicate that a RT strategy may be more effective
than complete TC in order to avoid excessive declines in
cardiovascular function and kayaking performance in top-level
paddlers.

Key words: Detraining; aerobic power; kayaking; paddling parameters,
hormonal profile.

I ntroduction

Training periodization for competitive athletes
emphasizes the need to incorporate a period of
regeneration following the conclusion of the main event
of the season in order to alow physical and mental
recovery before the beginning of a new training cycle
(Bompa, 1999; Issurin, 2008). However, the
conseguences that typical post-season breaks of 4-6 wk
could have on physiological and performance markers of
top-level athletes are not completely understood. The
magnitude of the performance decline observed following
a period of detraining appears to be related to the chosen
recovery strategy (reduced training or complete training
cessation), initial fitness level, and total time under
reduced or absence of training stimuli (Mujika and
Padilla, 2000a; 2000b).

These recovery periods are initially characterized
by marked adlterations in the cardiorespiratory,
neuromuscular and metabolic systems that may induce a
detraining state (Mujika and Padilla, 2001). Numerous
studies have reported VO, declines between 6-14% in
well-trained athletes who refrained from training for 3-6
wk (Coyle et al., 1984; Martin et a., 1986; Petibois and
Déléris, 2003), while less pronounced declines in V Oy
have been detected following shorter TC periods (Hou-
ston et a., 1979; Houmard et al., 1992). By contrast, in
recreationally-trained individuals, residual training effects
seem more readily retained. Thus, no significant changes
in VO, following 3-wk of TC (Moore et ., 1987) or a
small decrease (~7%) following 4-6 wk of TC (Hansen et
al., 2004; Marles et al., 2007) have been reported for these
population groups, respectively. The declines observed in
maximal aerobic power following periods of complete
training cessation appear to be related to decreases in
basic cardiorrespiratory parameters such as blood volume,
cardiac output, stroke volume, and maximal voluntary
ventilation (Cullinane et al., 1986; Martin et al., 1986).

Skeletal muscle tissue is not an exception to these
detraining effects. Reductions in capillary density
(Houston et a., 1979), oxidative capacity (Mujika and
Padilla, 2001), mean fiber cross-sectional area (Bangsbo
and Mizuno, 1988), EMG activity (Hakkinen et al., 1981),
maximal arterio-venous VO, difference (Coyle et al.,
1984), and fiber type changes (Larsson and Ansved,
1985) have al been documented in athletes following
periods of TC.

In an attempt to reduce the negative impact that the
absence of training stimuli may have on athletic perfor-
mance, training reduction strategies (periods during which
volume and/or training intensity are significantly reduced)
have been proposed as an aternative to complete training
cessation, especialy for elite level athletes (Neufer et al.,
1987; Mujika and Padilla, 2000a; 2000b). However, there
is a relative lack of information on the effects of RT on
physiological parameters and athletic performance. Few
investigations (Hickson et a., 1982; Neufer et a., 1987)
have been carried out in order to determine the detraining
effects caused by a RT approach. These studies show that
it is possible to dragtically reduce total volume and/or
frequency of training during 4-wk and <till maintain
VOunax levels. However, although a single high-intensity
35-min weekly session was effective to maintain V Oapa
in a group of well-trained endurance athletes, endurance
capacity (defined as maximal time to exhaustion at 75%
of VO,ma) decreased by 20% following 4-wk of this type
of training (Madsen et a., 1993).



On the other hand, it is generally recognized that
training and competing at the elite level induces
considerable stress on the neuroendocrine system. The
interplay between anabolic and catabolic processes, that
takes place as a consequence of exercise and recovery,
plays a vital role in mediating the physiological adapta-
tions to physical training (Kraemer and Ratamess, 2005).
Short-term TC or RT periods have shown increased rest-
ing concentrations of anabolic (e.g. testosterone, growth
hormone) and declines in catabolic (e.g. cortisol) hor-
mones, possibly related to the body’s improved ability to
combat the catabolic processes and enhanced tissue re-
modelling and repair (Hortobagyi et al., 1993). However,
the hormonal response of elite athletes from sports with
great demands of both strength and endurance (e.g.
Olympic kayaking) following periods of TC or RT
remains unclear.

To our knowledge, there are no studies that have
compared the effects of a TC versus a RT strategy on
physiological and performance variables in athletes of a
truly high-calibre during a post-season recovery period.
Therefore, the aim of this study was to examine changes
in physiological parameters, hormona markers and
kayaking performance following 5-wk of either RT or
complete TC in agroup of world-class kayakers.

M ethods

Participants

Fourteen top-level flat-water male kayak paddiers
(including ten World Championship finalists, and two
olympic gold-medallists) volunteered to take part in this
study. Characteristics of participants (mean + SD) were as
follows: age 25.2 £+ 2.5 yr, body mass 84.0 + 5.5 kg,
height 1.81 + 0.04 m; training experience 11.1 + 2.7 yr,
annual paddling volume 4,415 + 374 km. Paddlers had at
least two years of familiarization with the testing proce-
dures used in this investigation, and al were part of the
same squad (i.e. Spanish Canoeing National Team). The
study, which complied with the Declaration of Helsinki,
was approved by the Bioethics Commission of the Uni-
versity of Seville, and written informed consent was ob-
tained from athletes prior to participation.

Previoustraining

The training season comprised a total of 47-wk that ended
with the Flatwater Racing World Championship. During
this period, paddlers undertook a periodized training pro-
gram of combined strength and endurance training, under
the guidance and supervision of professional canoeing
coaches. Strength training volume during these 47-wk
amounted to: 37.8 + 2.6 h, 42 + 3 sessions, 840 + 60 sets
and 7,560 * 540 repetitions for hypertrophy; 44.4 + 3.2 h,
42 + 3 sessions, 642 + 46 sets and 2,600 + 199 repetitions
for maximal strength; and 32.4 £ 1.1 h, 34 + 2 sessions,
488 + 29 sets and 2,673 + 158 repetitions for maximal
power. Endurance training was structured into 3 cycles of
11-22 wk duration. Total endurance training volume was
264.1 + 12.7 h at paddling speeds corresponding to 75-
90% V Osmax, 39.9 + 2.0 h between 90-105% V Ozma, and
8.6 = 0.6 h above 105% VO, and required athletes to
paddie 60-130 km, distributed in 10-15 kayaking sessions
per week.

Experimental design

All subjects underwent a maximal incremental exercise
test 25-d before the start of the World Championship (T1)
in order to avoid any interference with the paddlers’
preparation for this competition, the most important event
of the season. Blood tests were performed 5-d before the
event. The same assessments were held again 5-wk
following the conclusion of the World Championship
(T2). Following this competition, each participant was
randomly assigned to a reduced training (RT; n = 7) or
training cessation (TC; n = 7) group. The TC group fully
discontinued any physical training during the following 5
weeks, whereas the RT group performed only one resis-
tance training and two endurance training sessions per
week. The resistance training session (Wednesday)
comprised 3 sets of 10 repetitions with each athlete’s
12RM load in the bench press, prone bench pull and squat
exercises, using pauses of 3 min between sets. Endurance
training consisted of only two 40-min moderate-intensity
(~80% VOynax) running (Monday) and paddling sessions
(Friday), respectively. On the four remaining week days
no physical training of any kind was performed. During
each of these 5-wk of RT, paddlers completed approx-
imately 20% of the mean weekly training volume com-
pleted during the 47 preceding weeks.

Maximal incremental exer cise test

Following a 5 min warm-up at a speed of 9 km-h?,
subjects completed an incremental paddling test to
volitional exhaustion on a kayak ergometer (Dansprint
ApS, Denmark; drag resistance coefficent = 35). The first
stage was set at a speed of 11.5 km-h™ and the speed
increments were 0.5 km-h™* each minute. Each kayaker
was dlowed to freely adjust his stroke rate (SR) as
needed, while this rate was continuously recorded by
means of a stroke counter (Interval 2000, Nielsen-
Kellerman, USA). Heart rate (HR) was monitored using
standard telemetry (S610i; Polar Electro Oy, Finland) and
recorded every 5 s. Paddlers were encouraged to give a
maximal effort and to complete as many stages as
possible. The test concluded when a subject voluntarily
stopped paddling or he was unable to maintain the
imposed speed. Breath-by-breath gas analysis was con-
ducted throughout using an automated Jaeger Oxycon Pro
system (Erich Jaeger, Germany). The gas analyzers were
calibrated using a 4.95% CO»-95.05% N, gas mixture
(BOC Gases, Surrey, UK), and the volume sensor using a
3-L calibration syringe.

Physiological variables

VOonax Was defined as the average of the two highest
single consecutive 15 s VO, mean values attained during
the last 90 seconds of the test. All subjects fulfilled the
following two criteria for VO, achievement: a)
respiratory exchange ratio greater than 1.1; and b) peak
HR at least equal to 90% of the age-predicted maximum.
Second ventilatory threshold (VT2) was determined from
gas exchange measurements using the criteria of an in-
crease in both ventilatory equivalents (Ve-VO,' and
Ve:VCO,™) and adecrease in the end-tidal carbon dioxide
tension (P=CO,). Two independent and experienced
observers made VT2 determinations. If there was dis-



agreement between the two, a third observer was brought
in. HR a VO (HRmax), and HR a VT2 (HRy1,) were
also determined for each paddler. Capillary whole blood
samples were taken from each kayaker’s earlobe during
test recovery (min 1, 3, 5, 7, 10 and 12) to determine peak
lactate concentration ([La]pex) USiNGg @ miniphotometer
(LP20; Dr. Lange, France).

Kayaking performance variables

Paddling variables that play a key role in kayaking
performance were measured during the maximal exercise
test: paddling speed at VOsnax (PSmax), paddling speed at
VT2 (PSyt2), stroke rate at VOomax (SRimax), Stroke rate at
VT2 (SRyt2), paddling power output at VOomax (PWmay),
and paddling power output at VT2 (Pwys).

Blood collection and analyses

At T1 and T2, venous blood samples (10 mL) were ob-
tained from an antecubital vein using vacutainers and
sterile needles. All samples were obtained at the same
time of day for each participant (8-9 h), following a 12 h
overnight fast and a previous resting day. Blood samples
were collected in tubes containing EDTA, centrifuged at
800 g for 10 min at 4°C, and plasma stored at -80°C until
assayed in duplicate for total testosterone (T) and cortisol
(C) by radioimmunoassay (125! RIA kits, DiaSorin, MN,
USA). Theintra- and inter-assay variances for T were less
than 3.5% and 7.0%, respectively; whereas intra- and
inter-assay variances for C were less than 4.6% and 5.8%,
respectively.

Statistical analysis

Standard statistical methods were used for the calculation
of means and standard deviations (SD). A two-way
ANOVA was performed in order to evaluate absolute
changes in selected variables between time points (T1,

T2) and between groups (TC, RT). Significance was
accepted at the p < 0.05 level.

Results

Physiological variables

No significant differences were found at T1 between
groups for any physiological variable. Following the 5-wk
post-season break, V O,mq declined by -11.3% (from 69.1
+ 3910 61.3 + 27 mL-kg'-min™; p < 0.01) and -5.6%
(from 68.5 + 3.0 to 64.6 + 3.1 mL-kg'-min™; p < 0.05)
for the TC and RT groups, respectively. VO, Vaues at
T2 were significantly higher for the RT group compared
to those of the TC group. VO, at VT2 decreased both in
the TC (-8,8%, p < 0.01) and RT groups (-5.7%, p < 0.05)
(Figure 1). HRy1, increased in the TC group from T1 to
T2 (+3.5%, p < 0.05). Significantly higher values (p <
0.05) for HRyt, at T2 were found for the TC when
compared with the RT group. No significant differences
were observed in VT2 (%VOoma), HRmaw and [La]pes
between T1 and T2 for the TC or RT groups (Table 1).

Kayaking performance variables

From T1 to T2, PSyt, declined in both TC (-5.0%) and
RT (-4.2%) groups (p < 0.05), whereas PS,., decreased
significantly only in the TC group (-3.3%, p < 0.05).
SRmax and SRy1» demonstrated significant increases only
in the TC group (+52% and +4.9%, p < 0.05,
respectively). Pwn showed no differences between
groups at T1. However, following the 5-wk detraining
period, Pw, decreased significantly in both groups (-
7.9% and -3.9%, p < 0.05, for TC and RT respectively).
Additionaly, the fina vaues attained a T2 were
significantly higher (p < 0.05) for the RT compared to the
TC group. From T1to T2, the magnitude of decreasein
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Figure 1. Changesin VOynax, VO, at VT2 and VT2 (%VO,na) following a 5-wk period of either training cessa-
tion (TC) or reduced training (RT). * p < 0.05 compared to T1; ** p < 0.01 compared to T1; ' p < 0.05 compared to TC.



Table 1. Changesin cardiorespiratory and kayaking perfor mance variables. Data are mean (+SD).

TC RT
T1 T2 T1 T2

HR 1 (beats-min™) 193 (6) 195 (6) 189 (7) 192 (5)
HRyr, (beats min'?) 173 (5) 179 (4) * 171 (4) 174 (4) t
[La] pea (Mmol-LY) 140(33)  15.6(4.6) 13.1(3.1) 14.0 (3.4)
PShex (km-h') 15.1(.5) 14.6 (2) * 15.2 (.3) 14.9 (.3)
PSyT, (km-h%) 14.1(.3) 134 (.3) * 14.2 (.3) 13.6 (.2) *
SRmax (Strokes-min™) 96 (3) 101 (3) * 98 (5) 101 (3)
SRy (strokes-min™) 81 (4) 85 (4) * 83(5) 85 (4)
PWire (W) 238.4(6.9) 219.6(4.0)** 2409(6.6)  231.4(4.4)*t
Pwy 7, (W) 204.1(5.8) 182.1(5.3)** 2114(44)t 187.9(6.7) **t

TC: Training Cessation (n = 7); RT: Reduced Training (n = 7). * and ** denote p < 0.05 and 0.01,
respectively, compared with T1. T p < 0.05 compared with TC.

Pwy 1, (-11%, p < 0.05) was identical for both TC and RT
groups. Vaues a T1 and T2 for this variable were
significantly higher (p < 0.05) for the RT compared to the
TC group (Table 1).

Resting hor mones

From T1 to T2, similar decreases (-30%, p < 0.01) were
detected in cortisol levels for the TC and RT groups (Ta
ble 2). Although testosterone concentration similarly
increased from T1 to T2 in both groups, these changes
were not statistically significant. T:C ratio markedly in-
creased (p < 0.01) in both TC (+62.5%) and RT groups
(+67.6%), with values at T2 being significantly higher for
RT than for TC (p < 0.05).

Discussion

The present study indicates that performing a 5 week
period of RT in a group of elite kayakers is an effective
strategy to minimize the large declines in
cardiorespiratory and kayaking performance parameters
that take place when training is completely stopped for an
equivalent period of time. In addition, a period of short-
term detraining such as the one used in this study seems
to enhance the body’s anabolic state by drastically de-
creasing resting cortisol levels and moderately increasing
testosterone concentrations in both RT and TC groups.
Although the RT approach used in this study seemed to be
more effective than complete TC to limit the magnitude
of declines in aerobic power and endurance capacity, our
results show that performing only two short, moderate-
intensity endurance training sessions per week during 5-
wk is not a sufficient stimulus to prevent significant
declines in aerobic performance in highly trained athletes.
In line with the results of our study, previous research
indicated that maintaining a sufficiently high training
intensity during periods of RT and tapering is of
paramount importance in order to retain training
adaptations (Neufer, 1989).

The declines in maximal aerobic power observed

in the TC group (-11%) were similar to those found by
other studies that examined highly trained athletes using
similar short-term TC periods (Coyle et a., 1984; Godf-
rey et al., 2005; Martin et a., 1986; Petibois and Déléris,
2003). By contrast, performing two weekly endurance
training sessions at moderate intensity (~80% V Oama)
allowed athletes from the RT group to significantly
reduce the decrease in VOua l€VEls experienced by their
TC counterparts. This finding is in agreement with those
found by other authors who aso studied changes in
physiological parameters of well trained athletes
following periods of markedy reduced training. Thus,
following a complete training season, Neufer et al. (1987)
found that 4-wk RT (one-third of habitual daily training
volume performed in three weekly sessions) allowed
competitive swimmers to preserve part of the residual
training effects on maximal aerobic power, something that
they could not accomplish with only one session per
week. Additionaly, Hickson et a. (1982) showed that it is
possible to maintain VO, levels with up to a two-third
reduction in training volume.

Our RT approach did not prevent a significant
decline in VO, at VT2 (-5.7%), although this was lower
than that experienced by the TC group (-8.8%). These
findings are similar to those of Godfrey et a. (2005) who
found declines of ~5% in VO, a lactate threshold
following 8-wk of TC in a male Olympic champion
rower. Similarly, Galy et al. (2003) showed that a 6-wk
RT period of low volume and intensity of training was
enough to maintain VO, levels but not to avoid
significant decreases in VO, a VT2 in a group of well
trained triathl etes.

Fractional utilization of maximal aerobic power, a
valid criteria to evaluate aerobic capacity, remained
unchanged in both TC and RT groups, likely due to the
proportional declines in both VO, and VO, a VT2
during the 5-wk detraining period, a finding that is in
accordance with the observations of Godfrey et al. (2005).

The increases of ~3% found in HRyt» in the TC
group are similar to those observed in other studies

Table 2. Changesin resting hor mones. Data are mean (+SD).

TC RT
T1 T2 T1 T2
Cortisol (nmol - L) 4869 (70.6) 339.0(53.3)** 460.0(77.3) 320.8(58.4) **
Testosterone (nmol - L) 21.6 (3.4) 244 (3.1) 23.3(4.0) 27.1 (5.4)
T:C x 1,000 448(66)  728(103)**  512(89) 858(119)**’

TC: Training Cessation (n = 7); RT: Reduced Training (n = 7). ** denotes p < 0.01 compared with T1. T p <

0.05 compared with TC.



following periods of TC in well trained subjects (Coyle et
al., 1986; Houmard et al., 1992; Madsen et al., 1993).
Nevertheless, HRo and HRy, in our RT group remain
unchanged at T2. The increase in submaxima HR
following periods of TC seems to be related to the body’s
attempt to maintain cardiac output during exercise, and to
counterbalance reductions in stroke volume (Coyle et a.,
1984; Mujika and Padilla 2000a; 2000b; 2001).

The fact that [L&]px remained unchanged
following both TC and RT is consistent with that
described by Marles et a. (2007), who found no changes
in [La]pes following 6-wk of RT in recently trained
subjects. Other published results have showed that LDH
activity increases following TC periods (Costill et al.,
1985; Claude and Sharp, 1991; Neufer et al., 1987).

There is very little information in the literature
about the effects of TC or RT dtrategies on kayaking
performance parameters during post-season recovery
periods. Although our RT strategy was able to avoid
significant declines in PS,, it did not prevent decreases
close to 4.5% in PSyt,. Madsen et a. (1993) found that
time to exhaustion at 75% of VO, decreased 21%
following 4-wk of RT in well trained subjects. Similarly,
following 2-wk of TC, Houston et al. (1979) reported that
time of effort at a submaximal intensity decreased by
25%; while Petibois and Déléris (2003) found reductions
in maximal aerobic velocity (~20%) following 5 wk of
TCin highly trained rowers.

In the present study, SR and SRyt, increased
significantly only in the TC group, findings that are well
in agreement with the observations made by Issurin et al.
(1986), who reported increases in stroke rate during a
long tapering phase in top-level kayakers. Adittionally,
Neufer et al. (1987) detected significant increasesin SR at
submaximal and maxima intensities following RT in
competitive swimmers. The increases in SR observed in
the present study may be due to declines in
neuromuscular performance as a consequence of the 5-wk
detraining period. Thus, it is likely that a paddler’s force-
generating capacity in each stroke was impaired, this
resulting in the need to increase stroke rate in order to
maintain the required power output and/or boat speed.
However, the significant increases in SRy and SRytz
experienced by the TC group were not sufficient to
compensate for the supposed neuromuscular impairment
and PS,s, PSyT2 and PW,5 decreased to a greater extent
in the TC compared to the RT group.

Although the RT strategy allowed to maintain a
number of the residual training effects in the present
study, Pwg and Pwyr, demonstrated a significant
decline following both RT and TC. These decreases in
paddling power indicate that one resistance and two
endurance training sessions per week at moderate
intensity were clearly insufficient to maintain specific
paddling performance in elite kayakers.

Following the detraining period, resting testoste-
rone concentration demonstrated a non-significant in-
crease in the TC (13%) and RT (16%) groups. Alterna-
tively, cortisol levels decreased significantly in both
groups (30%). As a result, the T:C ratio dragtically in-
creased (Table 2). All these changes in resting hormonal
balance following the short-term detraining period are

clearly indicative of an increased androgenic-anabolic
activity (Kraemer and Ratamess, 2005), and seem to be
related to the body’s reaction to combat the catabolic
processes induced by the high levels of physical and men-
tal stress placed upon these top-level athletes during the
precedent season. The T:C ratio at T2 was significantly
higher in the RT compared to the TC group, again sug-
gesting the convenience of incorporating some mainten-
ance training stimuli in the post-season break to avoid the
development of catabolic conditions (i.e. muscle atrophy)
or to further enhance the body’s anabolic environment.
The observed increases in testosterone, T:C and reduction
in cortisol are in agreement with the results reported by
Hortobagyi et al. (1993) following 14-d of inactivity. By
contrast, other researchers detected no changes in resting
concentrations of testosterone, cortisol or T:C ratio fol-
lowing 4-12 wk of TC (Hakkinen et al., 1985; Izquierdo
et al., 2007; Kraemer et al., 2002). This suggests that the
hormonal response following detraining periods appears
to be related to the athletes’ initial level of conditioning
and total time under reduction or cessation of training
stimuli. Albeit measurements of only resting serum hor-
monal concentrations have their limitations, they have
been used extensively in resistance training research
(Kraemer and Ratamess, 2005), especially in those studies
monitoring athletes’ training during the off- and competi-
tive seasons. Moreover, we are aware that although the
T:C ratio has been a commonly used marker to indicate a
potential anabolic or catabolic state in relation to perfor-
mance, it appears to be an oversimplification (Izquierdo et
al., 2006).

Conclusion

In conclusion, a RT strategy comprised of one resistance
and two endurance training sessions per week at moderate
intensity was effective to attenuate the adverse detraining
effects observed following complete training cessation in
physiological and kayaking performance variables such as
VOuma, HRy12, T:C ratio, SRma: SRvT2, PSimax PWimax,
and Pwy1; in top-level paddliers. With the ever-increasing
number of competitions and rigorous demands of modern
sport at the elite level, performing a minima maintenance
training program in the layoff between seasons seem to be
an appropiate measure to prevent athletes from experienc-
ing an excessive loss of aerobic performance, as well asto
be able to regain fitness more easily in subsequent train-
ing cycles.
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Key points

e Short-term (5-wk) training cessation in top-level
athletes results in larger declines in physiological
and performance parameters when compared to a
reduced training approach.

e Following a competitive season in top-level athletes,
both TC and RT dtrategies reflect an increased an-
drogenic-anabolic activity. A higher T:C ratio was
observed for the RT compared to the TC group.

e These results suggest the convenience of maintain-
ing some reduced training program during transition
periods in an attempt to minimize decreases in en-
durance performance between seasons.
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