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RESUMEN

En el contexto deportivo, las lesiones suponen un gran coste econdémico y requieren
el cese temporal e incluso definitivo de la actividad deportiva, mermando el rendimiento
de todo deportista. Es necesaria una estrategia de prevencion primaria para optimizar los
recursos econdmicos y evitar abandonos deportivos. Esta profilaxis comprende la
evaluacion del deportista y la elaboracion de programas de entrenamiento para mejorar

las capacidades alteradas que ponen en riesgo al atleta.

Numerosos investigadores afirman que la lesion deportiva estd muy relacionada con
la propiocepcion debido a su importancia en la estabilidad postural del atleta y en el
correcto reconocimiento de la posicion y el movimiento corporal. Innumerables
investigaciones hasta la fecha han reportado deterioros propioceptivos tras lesiones
deportivas que se mantienen incluso después de que el atleta se reincorpore a su nivel de
actividad fisica. Sin embargo, también algunos autores han encontrado alteraciones
propioceptivas previas al acontecimiento lesivo, anotando que factores propios del

entrenamiento pueden producir alteraciones propioceptivas.

El objetivo general de esta Tesis Doctoral fue analizar la influencia del tipo, la
intensidad y el volumen de entrenamiento en la estabilometria de atletas tanto a medio —
largo plazo (articulos Il y Il y VI) como a corto plazo (articulos IIl y IV, VII y VIII). Al
mismo tiempo, se analizé la influencia de la estabilidad postural en la aparicion de
lesiones (articulo V) y se disefid un programa de entrenamiento para mejorar la
estabilometria y otras habilidades motoras (articulos I y II), teniendo en cuenta los

efectos inmediatos de ese entrenamiento (articulos Il y IV).
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Los principales resultados de la Tesis sugieren que: a) Tras seis semanas de
entrenamiento propioceptivo, los atletas mejoran la estabilidad postural y el control de
centro de gravedad, ademas de producir moderadas mejoras en la potencia de salto
vertical, aunque estas mejoras no se transfieren a mayor velocidad de carrera. b) Una
unica sesion de entrenamiento propioceptivo deteriora de forma inmediata la estabilidad
postural bipodal de atletas, sin embargo mantiene constantes los valores de estabilidad
monopodal. ¢) Los atletas con mayores valores de dispersion del centro de presiones en
apoyo bipodal o un posicionamiento medio-lateral del centro de presiones mas alejado
del eje de ordenadas en apoyo monopodal son mas propensos a lesionarse en el periodo
de entrenamiento subsequente. d) Los atletas muestran peores valores estabilométricos
en los periodos de entrenamiento con mayor carga de trabajo y estos valores mejoran
con menor carga y mayor intensidad de entrenamiento, sin influencia de la modalidad
de carrera de los atletas. Sin embargo, los velocistas tienen una mejor estabilidad
postural monopodal en plano anteroposterior comparado con los medio-fondistas. e)
Una sesidn de entrenamiento lactico deteriora de forma inmediata la estabilidad postural
y la propiocepcion de los atletas. Aunque treinta minutos después este deterioro se
mantiene en la estabilidad postural, tras 24 horas, existe una mejora de los valores

estabilométricos basales.

En sintesis, los resultados de la presente Tesis Doctoral muestran que la
estabilidad y la propiocepcion son parametros clave en la prevencion de lesiones de
atletas. A medio-largo plazo, éstos se modifican con el volumen e intensidad de
entrenamiento y se benefician del trabajo en superficie inestable. A corto plazo, los
entrenamientos de alta intensidad constituyen una situacion de potencial riesgo lesivo.

A nivel de rendimiento deportivo, es necesaria la realizacién de trabajos futuros para



Romero-Franco N, 2013 Resumen

aclarar si las mejoras obtenidas con el entrenamiento propioceptivo son transferibles al

terreno deportivo.

Entrenadores y fisioterapeutas han de valorar los condicionantes que deterioran
y benefician los parametros propioceptivos con el fin de mitigar el riesgo lesivo al que

se exponen los atletas diariamente.

Palabras clave: Propiocepcion. Estabilidad postural. Lesiones. Atletas.
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SUMMARY

In the context of sports, injuries mean a great economical impact and require a
temporary or even a final cease of the physical activity, reducing every athlete's
performance. A primary preventive strategy is needed to optimize economical resources
and avoid sports abandonment. This prophylaxis should include an evaluation of
athletes and the addition of preventive training programs to improve the altered

capacities that expose athletes to risks.

Many authors affirm that sports injuries are closely related to proprioception due
to its role in the postural stability, the correct sense of position and effective body
movement. Investigations to date have reported proprioceptive damages after sports
injuries, that remain even after athletes have returned to their physical activity level.
However, some authors have also found proprioceptive alterations prior to sports injury,

by noting that factors from training may produce proprioceptive variations.

The overall purpose of this Thesis was to analyze the short-term (papers III and IV,
VII and VIII) and medium and long-term effects (papers I and II, and VI) of type,
intensity, and volume of training on stabilometry of athletes. Also, we analyzed effects
of postural stability on subsequent sports injuries (paper V) and designed a
proprioceptive training program to improve stability and other motor skills (papers I and
IT), by taking into account the short-term effects of the proprioceptive training of

athletes (papers III and IV).

The main findings and conclusions are: a) Six weeks of proprioceptive training
improve postural stability and control of gravity center of athletes, and also produce

moderate improvements in jump power, which is non-transferrable to a faster race. b) A
9
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proprioceptive training session deteriorates immediately the bipodal postural stability of
athletes, however maintains stabilometric values on monopodal support. c) Athletes
showing higher center-of-pressure spread on bipodal support and a mediolateral center-
of-pressure position further from axis of ordenates on monopodal support are more
prone to injuries in subsequent training period. d) Athletes show worse postural stability
in training periods with a higher volume of workload, and it improves in periods with a
low-volume, high intensity workload. The athletic variety do not have any influence on
these differences, but sprinters display better anteroposterior monopodal stability
compared with middle-distance runners. e) A lactic training session deteriorates
immediately the postural stability and proprioception of athletes. Although after thirty
minutes the stabilometric deterioration remains, 24 hours later, stability is better than

basal level.

In short, the findings of this Thesis highlight that proprioception and postural
stability are essential parameters to prevent injuries in track and field athletes. In the
medium to -long term, these parameters might be modified due to volume and intensity
of training, and be benefited from proprioceptive training on unstable platforms. In the
short-term, high intensity trainings involves potential risks. With respect to sports
performance, future research is needed to clear if improvements from proprioceptive

training are transferable to performance.

Coaches and physiotherapists should evaluate all conditioning aspects which
deteriorate or improve proprioception to mitigate injury risk to which athletes are

exposed in every training session.

Keywords: Proprioception. Postural stability. Injuries. Athletes.

10
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ABREVIATURAS (ABBREVIATIONS)

AAE Absolute Angular Error

ACL Anterior Crossed Ligament

Area Area covered by CoP movement

Areal Area covered by CoP movement on left-leg stance
Arear Area covered by CoP movement on right-leg stance
CMJ Counter Movement Jump

CoP Center of Pressure

EMG Electromiografia

JPS Joint Position Sense

LCA Ligamento Cruzado Anterior

Length Length covered by CoP movement

Lengthl Length covered by CoP movement on left-leg stance
Lengthr Length covered by CoP movement on right-leg stance
RAE Relative Angular Error

SEBT Star Excursion Balance Test

SJ Squat Jump

SNC Sistema Nervioso Central

11
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Speed

Speedl

Speedr

VAE

Xmean

Xmeanl

Xmeanr

Ymean

Ymeanr

Ymeanl

Abbreviations

Speed of CoP movements

Speed of CoP movements on left-leg stance

Speed of CoP movements on right-leg stance

Variable Angular Error

Values mean of CoP movements of mediolateral plane

Values mean of CoP movements of mediolateral plane on left-leg

stance

Values mean of CoP movements of mediolateral plane on right-

leg stance

Values mean of CoP movements of anteroposterior plane

Values mean of CoP movements of anteroposterior plane on

right-leg stance

Values mean of CoP movements of anteroposterior plane on left-

leg stance

12



Romero-Franco N, 2013 Introduction

INTRODUCCION (INTRODUCTION)

El rendimiento maximo en atletismo depende directamente de la aplicacion de
programas de entrenamiento que son cada vez mas sofisticados. Gracias a las
aportaciones de las ciencias aplicadas al deporte, se conocen los efectos de los cambios
en intensidad, volumen y tipologia de entrenamiento y la adecuacioén de los descansos
para restaurar el equilibrio bioldgico, consiguiendo una planificaciéon con la que el

organismo se adapta a la carga de trabajo®.

Sin embargo, las lesiones deportivas afectan directamente a la capacidad de

rendimiento del deportista en su totalidad'%® !

. Lesion deportiva es un término no
consensuado que ha implicado extensos debates entre los distintos autores puesto que al
definirla se pueden tener en cuenta diferentes circunstancias como son la interrupcion de
la practica deportiva, la forma subita o insidiosa de presentacion (aguda o por uso
repetitivo) o la evolucion del cuadro (aguda, subaguda o cronica)'®'. En esta Tesis se ha
tomado como referencia el término atribuido por Kolt et al. (1999) en el que define la
lesiéon como “el dario corporal que obliga al deportista a abandonar o modificar una o

mas sesiones de entrenamiento, competicion o ambos”*. De acuerdo con la definicion

mencionada, la lesién deportiva puede condicionar el rendimiento del atleta''.

Estudios de prevalencia calculan que la tasa de lesiones deportivas en la
poblacion general es de 15,4 por 1000 personas, siendo el 5,2% la frecuencia promedio
de lesiones deportivas en atletas™. EIl 20% de las lesiones deportivas corresponde a
fracturas o dafios a organos internos y el 80% restante afecta a musculos, tendones,
ligamentos y articulaciones, siendo generalmente la rodilla la regiéon mas afectada,

seguida del tobillo y el hombro'?** '"°. Una revision de estudios del 2007 reportd que el

15
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37% de los atletas profesionales sufrian lesiones deportivas, de las que el 55% eran en

138 Como dato

miembros inferiores y de ese porcentaje, el 25% eran de rodilla
importante, el 40% de los atletas que se lesionan, presentan una lesion previa en el

mismo sitio"”'. Ademéds, las acciones explosivas son las mas lesivas para los

deportistas'*®,

A nivel econémico, los estudios describen un coste anual medio de un billon de
dolares destinado a lesiones deportivas'>’. La NCAA contabilizé entre 3 y 5 millones de
lesiones anuales en Estados Unidos en la temporada deportiva 2000-2001, destacando
las distensiones musculares, los esguinces y las contusiones, siempre mas frecuentes en
el periodo competitivo que en el de entrenamiento'®. En el ambito nacional, escasa
documentacion muestra el impacto econémico que las lesiones ocupan en el panorama
deportivo. Un informe del Instituto de Andlisis Economico y Empresarial de Andalucia
del ano 2008 describid que las lesiones deportivas producian un gasto mensual medio de
36,1 millones de euros’. Si tenemos en cuenta que en estos datos no se incluian los
tratamientos en ambito privado a los que acuden muchos deportistas, hablamos de un
gasto muy elevado, puesto que segin un estudio realizado por el Consejo Superior de
Deportes en ese mismo afio, a nivel nacional, sélo el 8,9% de los deportistas hacen uso

.. . . . 96
de los servicios sanitarios de las federaciones deportivas .

La prevalencia de lesiones deportivas y su impacto econdmico requieren
estrategias de prevencion que reduzcan su incidencia, disminuyendo y/o eliminando los

principales factores de riesgo .

14
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Para ello, es preciso el conocimiento de los mecanismos que predisponen a la
lesion, asi como aquellos que se mantienen deficitarios una vez que el atleta se

reincorpora al entrenamiento.
SISTEMA SENSORIOMOTOR: propiocepcion y propioceptores

Todos los mecanismos fisioldgicos intrinsecos propios del sistema nervioso que
permiten el control del cuerpo se unen en el término sistema sensoriomotor. Este
incluye los sistemas fisiologicos neurosensores y neuromusculares, asi como las sefiales
aferentes, eferentes y los componentes de integracion central y de procesamiento que
mantienen la estabilidad articular funcional®™. Aunque esta compuesto por todo tipo de
receptores, el control Optimo del movimiento y la postura dependen de la

. ., 94
propiocepcion’ .

La propiocepcion fue definida por primera vez en 1906 por Sherrington como “e/
sentido de la posicion que adoptan las partes corporales de uno mismo”. El término
propiocepcion se refiere estrictamente a la informacion procedente de los receptores
especificos que contribuye a las sensaciones conscientes e inconscientes del sentido
muscular, el equilibrio postural y la estabilidad articular’. Estos receptores especificos,
los propioceptores, son los detectan las variaciones de tension y longitud muscular y
tendinosa y las variaciones de posicion, velocidad y aceleracion de las articulaciones e
informan sobre los cambios que se producen en el organismo y en su entorno en todo
momento. Con frecuencia, los autores no consideran a las terminaciones nerviosas libres
de la piel como receptores propioceptivos, sin embargo, algunas investigaciones han

afirmado la contribucion de estos receptores a la sensibilidad propioceptiva'**.

15
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Ademas de los receptores propioceptivos musculoesqueléticos, articulares y las
terminaciones libres, se encuentran los receptores propioceptivos vestibulares
localizados en el oido interno. Estos informan de la posicion de la cabeza (receptores
estaticos) y de su movimiento (receptores dinamicos). También seran fundamentales en
la propiocepcion del miembro inferior®.

Por otra parte, los propioceptores se encuentran especializados de acuerdo a la
informacion que captan y transportan hasta el sistema nervioso central. Una vez alli, la
informacion es enviada a distintos nivel de integracion para su procesamiento en médula

: . . . 28,61, 105
espinal, corteza sensorial, ganglios basales, tronco del encéfalo o cerebelo™ " .

La propiocepcion y los propioceptores conforman el sistema propioceptivo, que es
determinante para el rendimiento, la prevencion y la recuperacion de lesiones en

deporte”.
PROPIOCEPCION Y EFERENCIAS MOTORAS

En funcién de los niveles de integracion y procesamiento central de la
informacion propioceptiva, las eferencias motoras seran diferentes, abarcando desde
niveles basicos procesados inconscientemente (reflejos), hasta movimientos mas

complejos que determinan el mejor gesto deportivo'*.

Reflejos y control motor

Ademas de analizar los propios reflejos, varias investigaciones han evaluado el
nivel de actividad muscular a través de electromiografia (EMG) en condiciones
distintas. Existen estudios que han descrito mayor activacion muscular en EMG durante
el entrenamiento de la fuerza en condiciones de inestabilidad, donde la propiocepcion

juega un importante rol” ® ** ' Este incremento de la actividad muscular podria

16
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compensar la inestabilidad provocada para conseguir que el centro de gravedad se

mantenga dentro de la base de sustentacion y evitar una caida’’.

Esta activacion muscular a nivel inconsciente regula el reclutamiento muscular y
la frecuencia de impulsos para conseguir una correcta coordinacioén intramuscular, a la
vez que coactiva agonistas y antagonistas para obtener la coordinacion intermuscular.
Por tanto, la informacién propioceptiva es crucial en la estabilizacion articular y la

correcta ejecucion de movimientos’.

Ademas, el control articular acorde al medio externo también es regulado por los

; 120 .
mecanismos de feedback y feedforward . Los componentes dinamicos
neuromusculares (propioceptivos) incluyen la anticipacion (informacion previa/

feedforward) y la retroalimentacion (feedback) para un correcto control motor’ %%,

El feedback juega un papel muy importante en el desarrollo de las destrezas
motrices puesto que el sujeto es informado sobre las consecuencias de sus respuestas
motoras. En el caso del feedback propioceptivo, es el mecanismo por el cual el sujeto
conoce su posicion corporal en el tiempo y en el espacio en todo momento. Cuando se
produce una perturbacioén inesperada, los mecanorreceptores de la capsula articular,
ligamentos, tendones, musculos y piel la perciben e informan de esta sefial a centros
superiores. El SNC elabora una respuesta motora para contrarrectar el cambio y

mantener la estabilidad'%.

El feedforward, que es desarrollado previo al movimiento, activa los musculos
circundantes a la articulacion antes de la carga excesiva, para absorber la fuerza y
disminuir la tensién en los ligamentos. Por ello, depende en gran medida de las
experiencias previas del deportista. Este mecanismo corresponde a un plan motor

17
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anticipatorio para mantener la estabilidad, pero ahora ante perturbacion previstas o

aprendidas'®’.

Ademas, el feedforward tiene gran relevancia en el control y la estabilidad

9 . . . .,
postural’, de la cual hablaremos en el siguiente apartado por su importante relacion con
el sistema propioceptivo. Se ha evidenciado que el SNC reconoce movimientos y
perturbaciones y actia a través de acciones musculares anticipatorias para minimizar

101, 122, 123, 154
sus efectos 7 7

. Hay evidencia de la capacidad del cerebro para la anticipacion
y reconocimiento de movimientos a través de EMG, encontrando incluso relacion entre
los musculos antigravitacionales y los antagonistas de un movimiento determinado del

3, 9 25, 45
brazo™ ’

. La anticipacion también se ha estudiado afiadiendo perturbaciones
directamente sobre el sujeto o su base de sustentacion, existiendo anticipaciones
musculares desde 50 hasta 100 milisegundos desde distintos musculos™ **. Por lo que la

anticipacion o mecanismo de feedforward cumple un importante papel en el control

postural.
Estabilidad postural

La estabilidad postural es una funcién compleja que supone el mantenimiento de
la proyeccion vertical del centro de gravedad en la base de sustentacion'®’. Para ello,
sefales desde el sistema propioceptivo, sistema visual y vestibular se integran en los
pedinculos cerebelosos, donde el huso neuromuscular es la primera fuente
propioceptiva que ayuda a mantener la postura erguida. Por tanto, la propiocepcion es
un componente clave en la consecucion de la estabilidad postural, siendo esta la razoén
por la que la estabilometria es uno de los métodos que mas se utilizan actualmente para

valorar la estabilidad postural y una manifestacion importante de la capacidad

18
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propioceptiva. Esta misma justificacion da sentido a la realizacion de trabajo con
superficie inestable como entrenamiento propioceptivo mas efectivo en la recuperacion,

. . .76
prevencion y rendimiento deportivos’®.

Ademas de la informacion procedente de los propioceptores, el mantenimiento
postural es conseguido gracias a la “rigidez” proporcionada por la actividad muscular

alrededor del tobillo (teoria del péndulo invertido)®® ' 122

. La integracion de los
reflejos tonicos posturales del nivel medular se encargan de conservar la estabilidad del
tobillo y con ello, la estabilidad postural. Por tanto, mientras estamos de pie, hay
multiples balanceos posturales que son también contrarrestados por la actividad
muscular, la cual ayuda a mantenernos dentro de los limites de la base de sustentacion y

. , , 1118
evitar asi la caida "°.

Esto supone que la estabilidad postural sea un proceso de restablecimiento continuo
de equilibrio y que la actitud postural nunca sea adquirida de forma definitiva®"*" "% En
primer lugar, existen movimientos cardiacos y de liquidos y contracciones musculares
respiratorias que inducen movimientos continuos de balanceo corporal’’. Ademas, el
cuerpo se somete a constantes deformaciones, lo cual contribuye a modificar su estado
de descanso siendo necesario el continuo mantenimiento del equilibrio. Sin embargo,
Bouisset and Duchene afirman que las deformaciones resultantes de los movimientos de
respiracion son débiles y no son los Gnicos responsables del balanceo postural®’, sino
que los movimientos respiratorios son parcialmente contrarrestados por
desplazamientos pequefios angulares del tronco inferior y los miembros inferiores’.
También, De Luca et al., especificaron que el sistema neuromuscular es incapaz de

mantenerse en tension constante y esta es la causa esencial del balanceo postural en la

postura erecta®'.
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La estabilidad postural puede ser cuantificada midiendo los desplazamientos del

centro de gravedad o del centro de presiones, usualmente a través de estabilometria®.

El test mas frecuente en laboratorios para determinar la estabilidad postural es la
monitorizacidon del movimiento del centro de presiones durante una duracion especifica
mientras el atleta se mantiene en apoyo bipodal o unipodal y con ojos abiertos o
cerrados lo mas inmovil posible. El gold standar es la medicion del movimiento del
centro de presiones en plataforma de fuerzas, aunque muy frecuentemente esta medida
es llevada a cabo a través de plataformas baropodométricas o de presiones por su menor
coste. En cualquiera de los casos, el minimo desplazamiento del centro de presiones
ser4 indicador de buena estabilidad postural”®. Por ello, las variables que se obtengan
siempre indicaran una mejor estabilidad postural cuanto mas bajos sean sus valores. Las
variables que es posible obtener tras un test estabilométrico son innumerables, sin
embargo, a nivel clinico y practico, las que mas se utilizan en el ambito de la
investigacion son las siguientes:

Variables que definen el recorrido del centro de presiones: Longitud, velocidad y
superficie del recorrido del centro de presiones.

Variables que definen la posicion del centro de presiones: Xmedia, referida al
balanceo del centro de presiones en el plano mediolateral; Ymedia, referida al balanceo
del centro de presiones en el plano anteroposterior. En este caso y de forma excepcional,
estas variables indicardn una mejor estabilometria cuanto mas cercano a cero sea el

valor que muestren.

Ademas de esas, se pueden encontrar otras: RMS (Root Mean Squared)= es el valor
cuadratico medio del recorrido del centro de presiones ; RMSX= valor cuadratico medio
en el plano mediolateral; RMSY= valor cuadratico medio en el plano anteroposterior;
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DeltaX= desviacion mediolateral del centro de presiones; DeltaY= desviacion
anteroposterior del centro de presiones; LFS=Longitud en funcion de superficie,
indicando el camino que recorre el centro de las presiones por unidad de superficie,

orientando sobre la energia gastada por el sujeto para controlar su equilibrio™.

En el tratamiento de la estabilidad postural cabe mencionar el equilibrio dinamico
como el mantenimiento de la estabilidad postural durante la realizacion de una tarea, por
lo que podria considerarse una parte de la estabilidad postural. Su evaluacion es llevada
a cabo con diversa metodologia, entre la que cabe destacar el Sistema de Equilibrio
BIODEX?’, el Star Excursion Balance Test (SEBT) o prueba funcional de equilibrio de

8118 la contabilidad de contactos en el suelo durante una tarea en

excursion en estrella
plataforma inestable durante 30 segundos’®. El sistema de equilibrio Biodex es una
herramienta que puede ser utilizada para realizar test, asi como para el propio
entrenamiento del equilibrio tanto en superficie estable como inestable. Se compone de
5 programas de evaluacion y entrenamiento. Entre ellos estan los limites de estabilidad,
como programa que evalua y entrena el control postural multidireccional y que puede
ser realizado también en su version en dinamico, el test de riesgo de caidas, el test de
estabilidad postural bipodal y unipodal y el test de integracion sensorial del equilibrio.
La fiabilidad de este sistema ha sido mostrada en estudios anteriores®’. El SEBT es un
test funcional que evalua el equilibrio unilateral y que es llevado a cabo con el
participante de pie en medio de un cuadricula de 1.83-m x 1.83-m formada por tape en
el suelo y compuesta por 8 lineas que se extienden en forma de estrella, con una

angulacion de 45° desde el centro de la cuadricula. Estas lineas se nombran de acuerdo a

la direccion y el sentido con respecto a la pierna apoyada anterolateral (AL), anterior
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(A), anteromedial (AM), medial (M), posteromedial (PM), posterior (P), posterolateral

(PL), y lateral (L)**. Su fiabilidad ha sido determinada en estudios previos®’.
Sentido de posicion articular y Kinestesia

El sentido de posicion articular y la kinestesia son importantes componentes de
proprioceptivos. El sentido de posicionamiento articular es la consciencia sobre la
posicion articular y el movimiento corporal, lo cual es posible gracias a la entrada de
aferencias recogidas por los propioceptores™ hasta la corteza somatosensorial, donde es
procesada para hacer consciente el sentido de la posicion articular y la motricidad
articular’. En 1976, Gandevia y McCloskey observan por primera vez que el huso
muscular contribuye de forma significativa al sentido de la posicion de la articulacion
de la falange distal del dedo medio. Por ello, es un componente propioceptivo vital en el
funcionamiento articular necesario para la coordinacion y estabilizacion de la
articulacion®. Tanto es asi que algunos autores han reportado con sus estudios, la
importancia de la agudeza propioceptiva en la funcioén de articulaciones como la rodilla

y en el rendimiento del deportista'®.

El principal método para la evaluacion de la consciencia de posicionamiento
articular se ha llevado a cabo a través del Joint Position Sense (JPS) o test de
posiciomiento articular. EI JPS es definido clinicamente como la habilidad del sujeto
para reconocer una posicion articular y mas tarde reproducirla de forma activa o pasiva
% 161 " Sy metodologia puede variar dependiendo de los objetivos, posibilidades y
estructuras a evaluar. La realizacién de forma activa ha mostrado mayor validez debido

a que los receptores musculares como es el huso neuromuscular, son los primeros y mas

. . . ., . . 9 .
importantes contribuyentes a la informacion proploceptlva7 . Con un test activo a
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diferencia de la forma pasiva, estos receptores son potencialmente estimulados, por lo
que la medicion propioceptiva serd mas real al testar a los receptores musculares como
lo més importantes contribuyentes propioceptivos. Paillard y Brouchon informaron que
el test activo es mas preciso por la existencia de contracciéon muscular, sin embargo en
el test pasivo los receptores musculares estdn mds silentes y los errores de

posicionamiento son mayores .

La metodologia del JPS se compone de sistemas muy sofisticados que van desde
electrogoniometros y sistemas completamente automatizados’’, hasta incluso sistemas
electromagnéticos de control de movimiento'®. Pero también pueden ser empleados
sistemas mds econdmicos que emplean la colocacion de marcadores en las
articulaciones y camaras de video con la posterior digitalizacion y anélisis de la imagen
para determinar el fallo en los distintos intentos de reposicionamiento articular. Ambas

130 14, 44
" en

metodologias han demostrado fiabilidad en su ejecucion en miembro inferior

. . : . 110, 165
miembro superior’® e incluso en la totalidad de la columna vertebral''* '®.

Otro componente vital en la propiocepcion y en el correcto funcionamiento
articular es el sentido de movimiento del miembro o también llamado kinestesia, con el
que el sujeto detecta el movimiento de cualquier zona corporal’’, a diferencia de la
propiocepcion que detectaba la posicion de la misma. Su evaluacion suele ser llevada a
cabo a través de la medicion del umbral en el que el sujeto es capaz de detectar el
movimiento pasivo, de tal modo que su afectacion aumentard los valores de dicho
umbral, indicando una deteriorada capacidad de deteccion del movimiento. Con
frecuencia, la metodologia de este tipo de test se compone de electrogonidmetros

motorizados encargados de movilizar la articulacién del sujeto a una velocidad de
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5°/segundo. La fiabilidad de este método de evaluacion ha sido mostrada en estudios

. 2,44
previos” ™.

PROPIOCEPCION Y FATIGA

La fatiga afecta a la mayor parte de las capacidades y aptitudes del deportista,
incluyendo la propiocepcion. Como ejemplo, ante la fatiga, el control neuromuscular
activo del miembro inferior disminuye y puede aumentar la angulacion en valgo de la
rodilla. Esta situacioén incrementa la tension de los ligamentos de la rodilla y el riesgo

. 3869,70
lesivo .

La fatiga es un proceso provocado por una estimulacioén o esfuerzo prolongados,
en el que la fuerza del atleta se reduce hasta un 50% en pocos segundos, debido a la

contracciéon méaxima de varios musculos'>?

. De particular interés es la fatiga periférica
muscular, que se define como la incapacidad de mantener un nivel de fuerza después de
un uso intenso y/o prolongado del musculo, lo cual conlleva una ineficacia contractil y
la afectacion de la funcion muscular®. Sin embargo, ambos tipos de fatiga, central y
periférica, ponen en marcha mecanismos de compensacion a nivel bioquimico y
metabolico para mantener la funcion corporal debido a que las aferencias propioceptivas

llegan al sistema nervioso central tergiversadas. Esta alteracion de informacion aferente

. ., 121
dificulta la elaboracion de respuestas motoras adecuadas “:

A nivel de activacion muscular, la fatiga produce cambios en el reclutamiento
motor y en los niveles de activacion muscular’” '**. Se han detectado retrasos en la
coativacion muscular y disminucioén del control motor que incrementan la inestabilidad
articular®®. Este elentecimiento progresivo de las sefiales en EMG inducido por la fatiga

. . . ~ . 16. 173
muscular puede ser cuantificado en tiempo y frecuencia de las sefiales percibidas'® '”.
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A nivel de estabilidad postural, la fatiga incrementa los valores de balanceo
postural de los deportistas'®, aunque la duracién de esta afectacion varia con el
protocolo de fatiga aplicado’® *3 1+ 133 92 159 24 111 133 164 34 119, 175 “'No]16 et al., en 2009
afirmaron que la fatiga resultante tras un test de consumo maximo de oxigeno
deterioraba la estabilidad postural'’’. Otros autores estudiaron los efectos de otros
protocolos de fatiga como competiciones de futbol, triatlones o carrera prolongada.

24, 54,133, 163 ., .
0% 522 0 También existen

Todos describieron que la fatiga deteriora la propiocepcion
autores que describen los efectos de la fatiga tras protocolos de ejercicios locales

isocinéticos. Entre los hallazgos, destacan que la fatiga en cuddriceps y después en

triceps sural deterioran mas la estabilidad postural'’.

La fatiga también afecta al mecanismo de feedforward durante el proceso de
mantenimiento postural. Allison y Henry observaron que tras un protocolo de fatiga, los
musculos del tronco tardaban més en activarse para compensar el movimiento de uno de
los brazos®. Similares resultados hallaron Mello et al., en 2007, quienes describieron
que el gemelo se contrae aproximadamente un segundo antes de que se produzca el
movimiento del centro de presiones. Este periodo de latencia es mayor que en
movimientos controlados conscientemente, por lo que el feedforward juega un papel

importance en el balanceo postural''®.

A nivel de consciencia de posicion articular, numerosas investigaciones han
descrito que la fatiga deteriora la agudeza del reposicionamiento articular de los

. 36,90, 145
deportistas™ ™

. La mayoria de los autores emplearon protocolos de fatiga local con
cicloergémetros y mostraron que la extenuacion local aumentaba los errores cometidos

por los deportistas durante el posicionamiento activo y pasivo’’. Otros investigadores

usaron protocolos de fatiga general como partidos de fatbol o balonmano a nivel
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competitivo, triatlones, entrenamientos de running o ciclismo e incluso pruebas

145 36, 129

controladas de esfuerzo en laboratorio . Todas las investigaciones reportaron que

la fatiga deterioraba la capacidad de reposicionamiento articular, aunque la duracion de

., ., . : 36, 145
la afectacion varid considerablemente con el protocolo de fatiga empleado™ ™.

Todas las alteraciones propioceptivas que la fatiga ocasiona aumentan el riesgo

86, 87, 157

de lesion de los deportistas y disminuyen su rendimiento debido a la mayor

ineficacia y coste energético del gesto deportivo™.

Algunos autores describen los déficits de procesamiento central de las sefiales
propioceptivas como el principal responsable de estas alteraciones motoras. Otros
responsabilizan a las propias sefiales propioceptivas que estan tergiversadas a nivel
periférico. Por tanto, es unanime que la fatiga altera las respuestas motoras, aunque

existe controversia sobre el origen de este deterioro'*'.
PROPIOCEPCION Y LESIONES EN EL DEPORTE

Lesion - deterioro propioceptivo

Numerosos investigaciones han descrito alteraciones propioceptivas tras una
lesion, que deterioran las respuestas motoras y facilitan la consecucion de recidivas y/o

. 51, 55, 65, 83, 140
nuevas lesiones’ > >>> 7> % 7,

A nivel de estabilidad postural, se ha evidenciado de forma muy concluyente el
aumento en los niveles de balanceo postural en los sujetos con lesiones previas de
tobillo en deportista’ '** ®. Sin embargo, la permanencia en el tiempo de esta afectacion
estabilométrica no estd aun consensuada, abarcando etapas desde las 2 semanas de
afectacion®® hasta incluso los 2 meses. Incluso hay estudios que hablan de una

afectacion estabilométrica bilateral tras un esguince, sugiriendo una afectacion
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neuromuscular central hasta incluso 21 dias después del acontecimiento lesivo’'.
También existe evidencia de otras lesiones ademas de las referentes al tobillo como es la
rotura de ligamento cruzado anterior (LCA), después de la cual el atleta presenta déficit
en la estabilidad postural una vez recuperado, mostrandose ademas como factor

predictor de una lesion de LCA secundaria'*.

En el reposicionamiento articular, ha sido demostrado que los sujetos con
lesiones previas articulares, muestran un deterioro en la capacidad de reposicionamiento
articular pasivo®' y activo, déficit que puede prolongarse hasta los 6 meses*. También,
Witchalls et al., (2013) mostraron que los atletas con inestabilidad crénica de tobillo
mostraban un proceso de aprendizaje propioceptivo mas lento en un test de

discriminacién de movimiento que evaluaba la sensibilidad propioceptiva'”.

También, la atrofia muscular tras una lesion deteriora la deteccion del
movimiento corporal y aumenta el periodo de latencia entre la captacion de ese estimulo
y la respuesta motora del atleta. Esta afectacion propioceptiva cambia la representacion
de actividad cortical’’, de tal modo que los deportistas sanos necesitan menos tiempo

para detectar el estimulo y preparan antes la respuesta al mismo'>>.
Deterioro propioceptivo - lesién

También, algunos autores han descrito deterioros propioceptivos previos a la

. 112, 143, 177 . . . . . .,
lesion , debido a que existen factores de riesgo que deterioran la informacion
propioceptiva, como la edad, el género, la deshidratacion, el frio, algunas enfermedades

o la fatiga®* 3% 1% %8 Egte deterioro propioceptivo podria impedir al organismo elaborar

127, 131

respuestas motoras adecuadas, aumentando el riesgo lesivo . Sin embargo, existe

controversia entre los autores debido a la disparidad de resultados hallados’® '*7.
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A nivel de estabilidad postural, algunos estudios que evaluaron la estabilometria
al inicio de la temporada de jugadores de baloncesto, determinaron un mayor balanceo
postural como predictor de esguinces de tobillo durante el resto de la temporada''® '**
77 Varios autores sugieren que estabilidad postural deteriorada puede predecir lesiones
posteriores debido a una estrategia de control neuromuscular alterada'’’ ™" '*2. Esta
estrategia seria la responsable de que aumentaran las fuerzas intersegmentales de las

articulaciones, aumentando asi las fuerzas aplicadas en ligamentos, tendones y

musculatura'?’.

Lo mismo ocurre con la estabilidad dindmica, en cuyo estudio Plisky (2006)
analizé esta variable al comienzo de la temporada de jugadores de baloncesto a través
del SEBT. Los autores concluyeron que era un método fiable cuya incorporacion al
inicio de la temporada podria ser util en la prediccion y deteccion de jugadores con

riesgo lesivo'®.

A nivel de sentido de posicion articular, hay pocos estudios que hayan evaluado
el reposicionamiento articular de forma prospectiva. Payne et al., (2000) afirmaron que
un déficit en el sentido de posicionamiento articular en el tobillo durante la primera
semana del periodo competitivo podria ser usado como predictor de lesiones de tobillo
durante el periodo competitivo'*'. También, hay autores que han descrito el déficit en el
sentido articular de una articulacion como predictor de lesion articular a otro nivel.
Zazulak, en 2007, determind un deterioro en el reposicionamiento activo del tronco

. . . . 182
como predictor de lesiones de rodilla en mujeres atletas, aunque no en hombres .
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PROPIOCEPCION Y DEPORTE

La evidencia cientifica dota de gran importancia a los pardmetros propioceptivos
como herramientas de prediccion y de prevencion lesiva. En este sentido, el deporte es
un gran protagonista debido a la destacada evidencia existente sobre la practica
deportiva como principal método de mejora de la calidad de los inputs propioceptivos y
las respuestas motoras. Se ha demostrado que el calentamiento previo a la préctica
deportiva mejora la sensibilidad propioceptiva y el funcionamiento del sistema

1'%3%% También, una revisién de estudios del 2013 mostré que

propioceptivo en genera
el entrenamiento de fuerza y de propiocepcion y la combinacion de ambos reducian la

incidencia de lesiones, aunque no ocurria lo mismo tras el entrenamiento con

estiramientos®.

A pesar del potencial riesgo lesivo al que se exponen los atletas diariamente por
la estimulacion excesiva de los propioceptores durante el acto deportivo y el
consecuente deterioro propioceptivo transitorio, el intento de compensacion de ese
deterioro pone en marcha un aumento en la sensibilizacion de los propioceptores. Estos
mecanismos han permitido la obtencion de beneficios a partir de la realizacion de la

actividad fisica y el deporte a todos los niveles'”.

Al igual que ocurre a niveles metabdlicos y bioquimicos y en las capacidades
basicas, a nivel propioceptivo y de las eferencias motoras también se consiguen

progresos con la practica deportiva:

En referencia al nivel de activacion muscular, los deportistas muestran mejores
valores de reclutamiento muscular que los no deportistas, de tal modo que los musculos

. . . . o ., 78115
se activan antes, se coactivan mejor y se produce una mejor estabilizacion’ ",
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En cuanto a la estabilidad postural, como consecuencia de distintos niveles de
actividad fisica, los no deportistas muestran peores valores que los deportistas*® ® y
son mas dependientes de la vision para la consecucion de la estabilidad postural que los
deportistas®” *> "7 También, ha sido estudiada la estabilidad postural en los deportistas
de la misma modalidad y distinto nivel competitivo, mostrando aquellos altamente
entrenados mejor estabilidad postural y estabilidad dinamica que los de menor nivel*®*"
H7.135. 136 A demas, muchos autores han investigado la estabilidad postural en deportes

2
, mostrando que los

como futbol, baloncesto, judo, danza y personas activas®
gimnastas muestran mejor estabilidad postural, debido a que éstos trabajan mas el
equilibrio en sus entrenamientos y dominan mas la estabilidad postural*’ - ®. Estos datos
indican que los parametros propioceptivos dependen de la especificidad y el nivel de

.. . 181 70, 154, 162
actividad fisica'®' 7 1%

. También, Melnikova et al., (2013) reportaron que la
estabilidad postural de atletas se deteriora menos tras un protocolo de ejercicio aerdbico
intenso que en los no atletas. Ademas, la mejor recuperacion de la frecuencia cardiaca
de los atletas también contribuyd a este menor deterioro, como ya referian estudios

. 31,116
previos™ " .

A nivel de reconocimiento de la posicion articular, los deportistas poseen un
sentido de posicion articular mas fino y agudo que los no deportistas, lo cual mejora la

6

funcionalidad articular'®®. También, los deportistas detectan mejor el movimiento
p )

: . , c o 153
corporal y reaccionan mas rapido a ese estimulo que los no deportistas ™.
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EL ENTRENAMIENTO PROPIOCEPTIVO

La relacion entre la propiocepcion y las lesiones en el deporte ha conducido a
muchos investigadores al disefio de entrenamientos para mejorar las capacidades

: : . 49,114,172, 178
propioceptivas de los deportistas y aumentar su control motor™> '+ 172 178,

El entrenamiento propioceptivo pretende acortar las respuestas motoras ante
situaciones no aprendidas o imprevistas. Para ello, se reproducen situaciones de
perturbacion ante las que el individuo aprenderd respuestas motrices y se preparard para

cuando éstas lleguen de forma natural y espontanea’®.

En el entrenamiento propioceptivo suele estar presente el entrenamiento del
equilibrio como componente de control motor, cuyo objetivo es estimular los receptores
propioceptivos para adaptar al maximo la capsula y los ligamentos articulares ante la
aparicion de cargas en distintos sentidos y direcciones. Por tanto, se consigue una
reaccion mas rapida ante desequilibrios por parte de los musculos, o al menos, éstos
pueden llegar a su pico maximo de activacion en menos tiempo'">. Ademas, esta
introduccion de perturbaciones es la mejor via para crear adaptaciones, mas alla del
hecho de mantener el equilibrio’®. Cuando hablamos de perturbacion hacemos
referencia a cualquier estimulo fisico que altera su estado de equilibrio.
Introduciéndolas en el trabajo conseguimos un control postural, no so6lo de la
extremidad inferior sino del cuerpo en su totalidad, puesto que se controla por una
interaccion compleja de acciones musculares anticipatorias y preparatorias que se

producen a lo largo de todo el cuerpo'?’

. De hecho, se ha observado que el SNC crea
una base estable para el movimiento de las articulaciones inferiores mediante la

coactivacion de los musculos del tronco, concretamente los multifidos y el transverso
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del abdomen’*. Esto hace que haya un mejor control del movimiento y un menor riesgo

lesivo'?’.
Entrenamiento propioceptivo con plataformas inestables

En el entrenamiento propioceptivo, las plataformas inestables son una forma
sencilla de trabajo que ademas de comprometer al sistema propioceptivo, también
implica al visual y al vestibular. Aunque el empleo de Swiss ball en la rehabilitacion y
prevencion de lesiones ya estaba presente en los afios de la II Guerra Mundial'’, una
reciente revision ha desvelado que el entrenamiento propioceptivo a través del trabajo
del equilibrio es una de las medidas mas efectivas en la prevencion de lesiones,

especialmente de rodilla y tobillo, asi como en el tratamiento del dolor de espalda'®’,

Sin embargo, hay que tener en cuenta que, codmo cualquier tipo de trabajo,
necesita una progresion racional y adecuada determinada por varios parametros. En
primer lugar y teniendo en cuenta que las mejoras van a ser similares a los ejercicios
que el atleta realice, es aconsejable la realizacion de movimientos y ejercicios

especificos de la modalidad del deportista'®’

. Basandonos en la intensidad del ejercicio
y en la progresion en la activacion muscular, lo Optimo sera el comienzo sobre
superficie estable, apoyo bipodal y con ojos abiertos, para ir avanzando
progresivamente en dificultad sobre superficie inestable, apoyo unipodal y ojos

cerrados, acompanado de movimientos con cargas adicionales y/o perturbaciones

externas'’. La progresion dependera de la adaptacion de cada deportista’™.

A pesar de los beneficios derivados del entrenamiento propioceptivo, este tipo
de trabajo debe ser considerado un componente adicional del entrenamiento del
deportista y no asi un sustitutivo de otro tipo de trabajo. Se ha demostrado que el trabajo
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de fuerza realizado en condiciones de inestabilidad aumenta hasta un 40,2% la actividad
de los musculos del tren inferior implicados. Este aumento provocado para compensar
la inestabilidad incluida con la superficie inestable, hace que la produccion de fuerza
disminuya hasta un 59,6%", lo cual reduce su mejora considerablemente y con ello, la

capacidad de salto y de sprint>*.

Sin embargo, cuando el trabajo con superficie inestable se lleva a cabo como
complemento del entrenamiento y no como sustitutivo, ha demostrado inducir mejoras
claras en multitud de capacidades motoras. La incorporacion del entrenamiento de
equilibrio ha mostrado mejoras en el salto vertical y ejercicios de agilidad como el
descenso de montafia con ski en eslalon o el shuttle run’®. Sin embargo, los estudios que
mostraron estos hallazgos no informaban de qué porcentaje de mejora era debido al
entrenamiento de equilibrio o al entrenamiento base de los deportistas, por tanto, es
importante la incorporacion de trabajos futuros con el fin de dilucidar el origen real de
las mejoras en las habilidades motoras de los deportistas y el porcentaje de

protagonismo del entrenamiento propioceptivo’®.
Adaptaciones al entrenamiento propioceptivo

Todos los beneficios derivados del entrenamiento propioceptivo son obtenidos
gracias a una serie de adaptaciones que dan explicacion a los hallazgos que se testan en

180
1

las mediciones en campo, como son las mejoras en estabilidad postural ™, salto

, . . . 35,76
vertical® y agudeza en el reposicionamiento articular®> ",

, .., . 6 .,

Segun una revision llevada a cabo por Hrysomallis en 20117, en la consecucion de
las mejoras en las diferentes habilidades motoras, tienen que ver distintas adaptaciones a
nivel fisiologico:
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Por una parte, se producen adaptaciones neuromusculares dentro de las cuales cabe
destacar las modulaciones selectivas de la secuencia de activaciones de los musculos del
tobillo ante situaciones potencialmente lesivas. Para desarrollar esas adaptaciones en el
tobillo, los estudios llevados a cabo emplearon un disco inestable que reproducia los
mecanismos lesivos en esa lesion, ademas de inhibir los musculos que facilitan el
mecanismo lesional en la misma estructura articular. Con ello se comprueba que el
hecho de intentar conducir al atleta a los mecanismos de lesion, hard que se adapten a
dicha situacién y desarrollen capacidades para reducir el riesgo lesivo en ese

movimiento’®.

También se producen adaptaciones neurales especificas a la tarea realizada tanto a
nivel espinal como supraespinal, lo cual explicaria la teoria de Yasuda y otros autores
con la que sugieren la mejora especifica conseguida a los ejercicios realizados durante

. . . . 181 .
el entrenamiento propioceptivo en plataforma inestable * . Estas adaptaciones son las

siguientes:

* Con el entrenamiento propioceptivo en plataforma inestable, se produce una
supresion del reflejo muscular de estiramiento durante las tareas posturales,

. . , .. o 16
disminuyendo asi gran parte de los movimientos desestabilizadores'®’.

* La inhibicion del reflejo muscular de estiramiento mejora la co-contraccion

agonista-antagonista aumentando la estabilidad articular frente a posibles
perturbaciones, ademas de aumentar la estabilidad postural'®.
» Las tareas especificas disminuyen la excitabilidad cortical, lo cual mejora la

estabilidad postural'®’.
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= El entrenamiento propioceptivo en plataforma inestable ha mostrado una
activacion del recto femoral durante el aterrizaje después de un salto,
aumentando la optimizaciéon musculo — tendinosa y la rigidez articular. Todo
ello favorece la disminucion de la fase de amortizaciéon en el ciclo de
estiramiento — acortamiento muscular y por tanto, en las acciones de excéntrico
— concéntrico, o lo que es lo mismo, en el trabajo pliométrico. Este mecanismo
explicaria las mejoras reportadas en la bibliografia en cuanto al salto vertical con

contramovimiento®’.

= Se han reportado incrementos en el “rate of force development”, que hace
referencia al desarrollo de la fuerza y que daria sentido a las mejoras en salto

vertical’®

A nivel central también se producen adaptaciones de tal modo que el SNC es capaz
de llevar a cabo ajustes posturales segiun la informaciéon que se almacene desde
experiencias motrices previas. Por lo que, al entrenar con perturbaciones y movimientos
inesperados estamos provocando estimulos para que el SNC afine los ajustes posturales
segun los requerimientos de la situacion. Si a esto le afiadimos una mejora en la rapidez

. ., e 6,76, 120
de esos ajustes, la lesion sera mas dificil que acontezca® ’® 1%,

Esta mejora en el campo de la profilaxis de lesiones deportivas se sustenta gracias a
que el entrenamiento propioceptivo modifica el patron de activacion muscular, siendo
mas rapida la reaccion muscular ante un desequilibrio. Esto supone una mejora del
control del movimiento, lo que disminuye el riesgo de lesion en las acciones

realizadas'®%. Por otro lado, se consigue una mejor estabilidad articular que ademas de

35



Romero-Franco N, 2013 Introduction

prevenir lesiones, hace que el atleta pueda desarrollar mayor potencia en el movimiento,

. .. 178
lo cual suele comportar una mejora de su rendimiento' .

En base a estos argumentos, el entrenamiento propioceptivo tiene 3

justificaciones importantes:
= Rehabilitaciéon completa de la lesion.

» Prevencion de lesiones y recidivas.

= Mejora del rendimiento'™.

Entrenamiento propioceptivo en la Rehabilitacion de Lesiones

El entrenamiento propioceptivo como terapia complementaria en el proceso de
rehabilitacion de lesiones es una indicacion muy frecuente que ha estado siempre ligada
la Fisioterapia®. La principal razon es que el deterioro de la informacién propioceptiva
inducido tras una lesion, supone pérdidas en la eficacia del movimiento y por tanto, un
factor de riesgo ante la aparicion de una recidiva o incluso una nueva lesion. La
realizacion de ejercicios propioceptivos para mejorar o restaurar el control
neuromuscular ante una lesion, se basa en que ligamentos, musculos, articulaciones y
piel contienen propioceptores y una lesion de éstos alteraria la informacion que llega al
Sistema Nervioso Central, siendo necesaria la restauraciéon neuroldgica para la total
recuperacion. En base a los mencionados argumentos, Lephart et al. reportaron que el

. . . . ., . 93
entrenamiento propioceptivo es crucial en la recuperacion de lesiones .

Ademas, ante una situacion de lesion en la que hay una alteracion propioceptiva,
el organismo desarrolla nuevos modelos de activacion muscular de forma preventiva,

que a veces no son suficientes. En este sentido, la creaciéon de mecanismos automaticos

36



Romero-Franco N, 2013 Introduction

para prevenir la lesién en situaciones de riesgo lesivo es el principal objetivo del
entrenamiento propioceptivo, de tal modo que los patrones musculares deben
anticiparse a la existencia de cargas lesionales. Por ello, en este tipo de trabajo se busca
una repeticion de una tarea para que el patron de activacion sea aprendido y puesto en
practica con mayor rapidez ante la situaciones comprometidas similares. Por ello, la
especificidad del estimulo que se trabaje es fundamental para conseguir las adaptaciones
deseadas'®’. Gracias a estos mecanismos, la evidencia del entrenamiento propioceptivo
en la completa rehabilitacion de lesiones y en la disminucion asi de las recidivas
posteriores, se ha puesto de manifiesto en multitud de estudios. Verhagen et al., en 2004
llevaron a cabo un estudio en el que un grupo de jugadores de voley-bol integraron en
su rutina de entrenamiento un programa de entrenamiento propioceptivo en superficie
inestable, mientras que otro grupo de jugadores similares de voley-bol siguié con su
rutina normal de trabajo. Los hallazgos mostraron que hubo una reduccion significativa
en la aparicion de esguinces de tobillo en aquellos jugadores del grupo que realizé los
gjercicios propioceptivos y que tenian una historia de esguinces recurrentes, aunque no
hubo resultados significativos en aquellos jugadores sin lesiones previas'’>. Similares
resultados fueron hallados por Hupperets et al., en 2008 y revisados por De Vries et al.,
en 2006 cuando estudiaron los efectos del entrenamiento propioceptivo en la recurrencia
de lesiones de tobillo** 77, Otros autores como Kynsburg et al., (2010) estudiaron los
mecanismos propioceptivos que llevan a esa reduccion lesiva. Para ello, integraron un
programa de ejercicios propioceptivos a un grupo de jugadores de balonmano de ¢lite a
su rutina de entrenamiento y midieron el JPS del tobillo un dia antes y 20 meses
después. Estos autores hallaron mejoras significativas, concluyendo que la mejora del

JPS es una de las claves por las que se disminuye el numero de lesiones™.
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Entrenamiento propioceptivo en la Prevencion de Lesiones

Ademas del posible dafio propioceptivo posterior a una lesion, se ha evidenciado
la existencia de alteraciones propioceptivas previas a la aparicion de la lesion, incluso
en deportistas sin lesiones anteriores, lo cual supondria un riesgo lesivo a tener en
cuenta. Por ello, el entrenamiento propioceptivo ha sido incorporado mas recientemente
a las rutinas de entrenamientos de muchos deportistas a modo de prevencion primaria,
con el fin de compensar los deterioros propioceptivos que suponen un alto riesgo lesivo

para los deportistas, incluso sin haber sufrido lesiones previas.

En esta direccién, cada vez son mas los autores que disefian estudios
prospectivos con el fin de evaluar la importancia de esos deterioros en futuras lesiones.
Mc Guine et al. (2006), evaluaron la estabilidad postural de jugadores de baloncesto
durante las dos primeras semanas de la temporada y registraron las lesiones de los
jugadores durante el resto de la temporada. Los resultados hallados permitieron
describir el balanceo postural de estos deportistas como predictor lesivo, de tal modo
que aquellos que tenian valores mas altos de balanceo del centro de presiones al inicio
de la temporada, mostraron mayor niimero de lesiones a largo plazo'". Similares fueron
los resultados encontrados por Wang et al., en 2006, quienes correlacionaron lesiones de

1
177

tobillo con peores valores de estabilidad postural en el plano mediolateral ', al igual

que habian hecho Tropp et al. unos afios antes, en 1984'"" o Trojian and McKeag, que

correlacionaron la estabilidad monopodal con esguinces de tobillo en 2006' .

Ademas de la evaluacidon propioceptiva previa para conocer su importancia
como factor de riesgo lesivo, numerosas investigaciones intentan disefar protocolos de

entrenamiento que compensen estas alteraciones y se reflejen en una disminucion lesiva
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significativa. Sin embargo, los trabajos llevados a cabo solo habian reportado reduccion
de lesiones significativa como prevencion secundaria’’, es decir, para evitar recidivas
una vez acontecida la lesiéon. Ninguno, para nuestro conocimiento, habia hallado
resultados significativos sobre el entrenamiento propioceptivo como estrategia de
prevencion primaria®®. En 2010, Elis et al., realizaron un estudio en jugadores de
baloncesto sin historia de esguinces o lesiones previas, a los que aplicaron un protocolo
de ejercicios propioceptivos como parte de su rutina de entrenamiento, a la vez que un
grupo similar de jugadores de baloncesto se limit6 a realizar s6lo su rutina. Los datos de
este estudio reportaron una diferencia significativa en la aparicion de lesiones entre
ambos grupos, de tal modo que se contabilizaron 7 lesiones en el grupo que realizé el
programa propioceptivo frente a las 22 lesiones que acontecieron en el grupo que no lo

. 49
llevo a cabo™.

Entrenamiento propioceptivo en el Rendimiento Deportivo

El entrenamiento propioceptivo también ha sido investigado en el terreno deportivo
por su supuesto potencial en la mejora de la técnica deportiva debido a la informacion
que proporciona sobre la posicién y el movimiento corporal>. Por ello, muchos autores
han analizado su repercusion en diferentes capacidades que marcan el rendimiento

. 160, 180
deportivo > .

Algunos estudios han demostrado mejoras en el equilibrio tanto dinamico como
estatico como beneficio para el rendimiento puesto que la optimizacion estabilométrica
supone una base mas estable desde la que realizar los movimientos deportivos
complejos'”®. Mattacola et al. (1997), Gioftsidou et al. (2006), Marshall and Murphy
(2006) o Yaggie and Campbell (2006) obtenian mejoras significativas en equilibrio en

60, 103, 108, 180

diferentes modalidades deportivas . Parece ser que cuando ciertos reflejos
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aparecen en determinadas situaciones inesperadas, pueden desarrollarse de forma
correcta equilibrandonos ante una situaciéon de inestabilidad, o de forma incorrecta
desequilibrandonos atin mas. Con el entrenamiento propioceptivo se tienden a eliminar

i , L 166
estos ultimos, llevdndose a cabo una respuesta optima .

También, Lephart et al., en el 2000 afirmaron que la propiocepcidon permite
mantener mejor la estabilidad de rodilla durante la fase estdtica haciendo que esta
articulacion actlie de forma coordinada y precisa. Esa estabilidad suponia una mejora en
la efectividad del movimiento de la articulacién transfiriéndose a mejoras muy
funcionales, como la mejora de la velocidad de la marcha”. Y es que la efectividad del
movimiento depende de la facilitaciéon de agonistas e inhibicion de antagonistas que
proporcionan los receptores propioceptivos''®. Por tanto, la propiocepcion es muy
importante en los movimientos comunes que realizamos diariamente y especialmente,

.. . . . ., . 1109
en los movimientos deportivos que requieren una coordinacion especial .

Por ello y puesto que el entrenamiento propioceptivo tiene una transferencia positiva
de cara a acciones nuevas similares a los ejercicios que hemos practicado, podria tener
una gran transferencia en el campo de la mejora de la técnica, aunque hasta la fecha no

ha sido evidenciado.

A nivel de mejora en la fuerza, se ha observado un incremento al inicio de una

.y . yy . . . 63 s
accion isométrica resultando beneficioso en la fuerza explosiva™. También, se han
reportado incrementos en las sefiales propioceptivas y fuerza muscular especifica, asi

. o . : .. 180 s 1 176,156
como mejoras significativas en el tiempo de reaccion'®’ y en la agilidad’® '*°.

Otros muchos trabajos, a pesar de haber reportado mejoras estabilométricas y
propioceptivas, no han conseguido producir mejoras claras en las habilidades mas

importantes en deportistas con la inclusion de entrenamiento propioceptivo en la rutina
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- L1174, 180
de entrenamiento como la carrera de velocidad’ '™. Sin embargo, se han observado

. : . : 18, 107, 128, 156, 168
cambios e incluso mejoras en la capacidad de salto'® ' 128 136

. Boccolini et al.,
(2013) reportdé que tras 12 semanas de entrenamiento en superficie inestable — 2
sesiones semanales de 30 minutos —jugadores de baloncesto juniors mejoraron la

potencia de salto -CMJ — ademas de la estabilidad postural monopodal y bipodal'®.

Taube et al., (2007) y Myer et al, (2006) encontraron similares resultados en atletas'**

168
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PROBLEMA DE INVESTIGACION (RESEARCH PROBLEM)

Planteamiento del problema

La documentada presencia de lesiones en el contexto deportivo y el elevado
gasto que éstas inducen dota de gran relevancia la necesidad de la puesta en marcha de
programas de prevencion que impidan y/o disminuyan la aparicion de lesiones en el
deporte, a la vez que controlen los factores de riesgo mas importantes. En la bibliografia
se define la importancia de la evaluacion propioceptiva y la realizacion de
entrenamiento propioceptivo tras el acontecimiento lesivo, a modo de prevencion
secundaria. Sin embargo, existe controversia en cuanto a su efectividad como estrategia
de prevencion primaria. Asimismo, aunque se ha evidenciado la influencia del
entrenamiento en la propiocepcion del deportista, queda por descubrir qué tipos de
entrenamientos son los que mas afectan a la capacidad propioceptiva, poniendo en un
potencial riesgo lesivo al atleta. Por otra parte, hay varias investigaciones que evalian
de forma prospectiva a jugadores de baloncesto y de futbol, pero casi ninguno que

analice a atletag''> %171,

En base a lo anterior, se han formulado las siguientes preguntas de investigacion:
(existen diferencias propioceptivas entre los atletas en funcidén del tipo y volumen
entrenamiento que lleven a cabo tanto a medio-largo plazo (Articulos I, IT'y VI) como a
corto plazo (Articulos III, IV, VII y VIII)? e ;influyen estas diferencias en la posterior

aparicion de lesiones (Articulo V)?
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OBJETIVOS

General:

El objetivo general de esta Tesis Doctoral fue analizar la influencia del tipo, la
intensidad y el volumen de entrenamiento en la estabilometria de atletas tanto a medio —
largo plazo (articulos I1 y I y VI) como a corto plazo (articulos III y IV, VII y VIII). Al
mismo tiempo, se analiz6 la influencia de la estabilidad postural en la aparicion de
lesiones (articulo V) y se disefid6 un programa de entrenamiento para mejorar la
estabilometria y otras habilidades motoras (articulos I y II), teniendo en cuenta los

efectos inmediatos de ese entrenamiento (articulos III y IV).

Especificos:

Analizar los efectos de un programa de entrenamiento propioceptivo con
superficie inestable en la estabilidad postural y en el rendimiento deportivo de

atletas velocistas (Articulos 1y II).

= Examinar los efectos a corto plazo de una sesion de entrenamiento propioceptivo
con superficie inestable en la estabilidad postural bipodal y monopodal de atletas

(Articulos III y IV).

= Estudiar la estabilometria de atletas y su influencia en la posterior aparicion de

lesiones deportivas (Articulo V).

= Describir los cambios estabilométricos de atletas velocistas y fondistas durante
la temporada de pista cubierta y comparar la estabilometria de atletas velocistas

y fondistas durante la temporada de pista cubierta (Articulo VI).
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=  Analizar los efectos de una sesion de entrenamiento anaerdbico lactico en la

estabilidad postural y en la propiocepcion de atletas (Articulos VII y VIII).

46



Romero-Franco N, 2013 Aims

AIMS

Overall:

The overall purpose of this Thesis was to analyze the short-term (papers III and IV,
VII and VIII) and medium and long-term effects (papers I and II, and VI) of type,
intensity and volume of training on stabilometry of athletes. We also analyzed the
effects of the postural stability on subsequent sports injuries (paper V) and designed a
proprioceptive training program that improves stability and other motor skills (papers I
and II), by taking into account the short-term effects of the proprioceptive training in

athletes (papers III and IV).

Specific:

To analyze the effects of proprioceptive training on the postural stability,

strength and speed of sprinters (Papers I and II).

» To examine the short-term effects of a proprioceptive training session with
unstable platforms on the bipedal and monopodal postural stability of athletes

(Papers III and IV).

» To study the effects of postural stability on subsequent sports injuries of athletes

(Paper V).

= To describe the stabilometric differences in every training period of the indoor-
season and compare the postural stability of sprinters with middle-distance

runners (Paper VI).
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* To analyze the short-term effects of a lactate-accumulation training session on

postural stability and proprioception of athletes (Papers VII and VIII).
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RESULTADOS (RESULTS)

Tras 6 semanas de entrenamiento propioceptivo, los sujetos experimentales
obtuvieron valores de balanceo mediolateral mas cercanos al eje de ordenadas
que los controles (-1,1 £ 4,3 mm vs 2,6 £ 2,8 mm, p = 0,010) y (- 0,78 + 4,31
mm vs 2,30 + 2,74 mm, p=0,010) y mayor control de centro de gravedad hacia
posterior y hacia la derecha (p = 0,026 y p = 0,041, respectivamente). Ademas,
el grupo experimental alcanzé mayor altura en SJ (p = 0.032) y en CMIJ (p =

0,047) que el grupo de Control (Articulos Iy II).

Tras una sesiéon de 30 minutos entrenamiento propioceptivo, los sujetos
experimentales mostraron en apoyo bipodal un incremento de los valores de
longitud (p=0,045) y velocidad (p=0,022) y del posicionamiento mediolateral
(p<0,001) del recorrido del centro de presiones, el cual fue mas lejano al eje de
ordenadas que los sujetos controles (p=0,009). En apoyo monopodal, los sujetos
experimentales presentaron valores mas bajos de longitud y velocidad del
recorrido del centro de presiones (p=0,030 y p=0,021 respectivamente) y valores
mas centrados de posicionamiento mediolateral y anteroposterior (p=0,005 y
p=0,009, respectivamente) que los sujetos controles. Ademas, el grupo
experimental mostrd valores estabilométricos constantes mientras que los
controles sufrieron continuas fluctuaciones en todas las variables de apoyo

monopodal (Articulos Il y IV).

Los atletas con valores mas altos en longitud y velocidad del centro de presiones
en apoyo bipodal (p=0,005 y p=0,009, respectivamente) y un posicionamiento

mediolateral mas alejado del eje de ordenadas en apoyo monopodal (p=0.041)
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eran mas propensos a sufrir lesiones en el periodo de entrenamiento consecutivo

(Articulo V).

Los atletas presentaron los valores mas elevados de longitud y velocidad del
centro de presiones durante el periodo de volumen, seguido del precompetitivo.
Ademas, los atletas de mediofondo presentaban valores de posicionamiento
anteroposterior mas alejados del eje de abcisas que los velocistas en apoyo
monopodal izquierdo y derecho (p=0,005 y p=0,030, respectivamente) (Articulo

VI).

Tras una sesion de entrenamiento lactico, los atletas presentaban un incremento
inmediato en la longitud y velocidad del recorrido del centro de presiones en
apoyo bipodal (ps<0,001) y monopodal (longitud izquierdo y derecho: p=0,004
p=0,038; velocidad izquierdo y derecho: p=0,015 y p=0,015, respectivamente) y
un posicionamiento anteroposterior del apoyo izquierdo mas alejado del eje de
abcisas (p=0,01), ademds de un mayor error angular absoluto en el
reposicionamiento de la rodilla que el grupo control (p=0,001). Los atletas
continuaban mostrando valores estabilométricos elevados en apoyo bipodal tras
30 minutos (p=0,013), sin embargo 24 horas mas tarde presentaban un descenso

de estos valores por debajo de la linea base (p=0,046) (Papers VII y VIII).
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DISCUSION (DISCUSSION)

El objetivo general de esta Tesis Doctoral fue analizar la influencia del tipo, la
intensidad y el volumen de entrenamiento en la estabilometria de atletas tanto a medio —
largo plazo (articulos I1 y Il y VI) como a corto plazo (articulos III y IV, VII y VIII). Al
mismo tiempo, se analiz6 la influencia de la estabilidad postural en la aparicion de
lesiones (articulo V) y se disefid6 un programa de entrenamiento para mejorar la
estabilometria y otras habilidades motoras (articulos I y II), teniendo en cuenta los

efectos inmediatos de ese entrenamiento (articulos 11l y IV).

Los articulos I y II analizaron los efectos de seis semanas de entrenamiento
propioceptivo con superficies inestables y mostraron que los atletas mejoraron la

estabilidad postural y la potencia de salto.

Las mejoras estabilométricas se mostraron en consonancia con estudios previos,
que realizaron programas de entrenamiento propioceptivo en superficie inestable de
entre 6 y 10 semanas de duracion, realizando dicho entrenamiento entre 3 y 5 veces en
semana y 10 — 20 minutos cada vez. Sin embargo, nosotros so6lo hallamos mejoras en el
balanceo postural mediolateral, como ocurria en el estudio de Biec y Kunzkinsky en

jugadores de fatbol'®

. Contrario a estos hallazgos, Paterno encontrd que la estabilidad
unipodal mejoraba el balanceo postural anteroposterior tras un programa de
entrenamiento propioceptivo de 10 semanas en jugadoras de fiitbol'’. Ante esta
disimilitud entre resultados, los autores sugieren un tipo de estrategia estabilizadora que
difiere segun las perturbaciones que el atleta recibe y por tanto, con el tipo de ejercicios
75,175

y material utilizado en el programa de entrenamiento, asi como el tipo de atletas

También, los atletas mejoraron el control del centro de gravedad, apoyando asi los

51



Romero-Franco N, 2013 Discussion

108

resultados del estudio de Mattacola et al. en 1997, quien encontrd mejoras en la

misma variable de estabilidad dinamica.

Por otra parte, en el articulo II encontramos una tendencia de mejora en la
. . o . . . . 107, 128, 168
potencia de salto vertical que se sitia en la misma linea que estudios previos .
Taube et al., (2007), Myer et al., (2006) y Boccolini et al., (2013) reportaron mejoras en
salto vertical tras un programa de entrenamiento propioceptivo en atletas, mujeres

107, 128, 168

atletas y jugadores de baloncesto juniors, respectivamente . También Ziegler et

al. (2002) y Kean et al. (2006) reportaron mejoras de salto tras un programa de

80. 184 imilares al estudio de Simek et al.,

gjercicios propioceptivos en mujeres activas
(2007) realizado en hombres activos'*®. Sin embargo, que la muestra estuviera
compuesta por deportistas jovenes o personas activas pudo haber condicionado los
resultados. En contraste, en el estudio de Yaggie and Campbell, los atletas no mejoraron
el salto tras un programa de entrenamiento propioceptivo. Ademas, en este estudio los
atletas no mejoraron el “shuttle run” como variable de agilidad en carrera, aunque si la
estabilidad postural'™. Estos hallazgos concuerdan parcialmente con los resultados de

nuestras investigaciones, en las que los atletas no mejoraron la velocidad de carrera pero

si la estabilidad postural.

De forma general, muy pocas investigaciones hasta la fecha han mostrado
mejoras claras en la capacidad de salto de deportistas tras entrenamiento

168, aunque si tendencias o cambios favorables'” 1%, Ademas, el

propioceptivo'™
entrenamiento propioceptivo no ha mostrado mejoras en las variables directas de
rendimiento como la velocidad y la agilidad. Sin embargo, basandonos en las mejoras
halladas por Boccolini et al., (2013) en la potencia de salto de jugadores de baloncesto

tras 12 semanas de entrenamiento propioceptivo'®, la tendencia favorable encontrada en
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nuestro articulo II podria ser un atisbo de mejoras futuras si el entrenamiento

propioceptivo se continuase en el tiempo.

Segun los articulos I y II, el entrenamiento propioceptivo mejora la estabilidad,
lo cual podria prevenir lesiones de acuerdo al articulo V, de caracter prospectivo y
donde la estabilidad postural era significativamente peor en los atletas que se lesionaban
posteriormente. Este estudio sigue la linea de las escasas investigaciones prospectivas
que describieron la estabilidad como parametro indicador de lesiones posteriores. Wang
et al., en 2006 y McGuine et al.,, en 2000 analizaron las semanas iniciales de la
temporada de jugadores de baloncesto, identificando el balanceo postural mediolateral y
las variables que definen el recorrido del centro de presiones respectivamente, como

predictores de lesiones de tobillo y pie posteriores'’’ ''?

. Del mismo modo, Trojian y
McKeag en 2006, lograron correlacionar un deterioro de la estabilidad unipodal con

lesiones de tobillo y pie en deportistas' ™.

En base a los hallazgos de los articulos I, II y V, podemos afirmar que los
deportistas que incluyen trabajo propioceptivo en su rutina de entrenamiento mejoran la

estabilidad postural, la cual es una diana para la prevencion primaria de lesiones.

Por ello, es importante describir los periodos de entrenamiento que mas
deterioran la estabilidad postural de los atletas y actuar con vehemencia en esas etapas.
Con este objetivo se disend el articulo VI, cuyos hallazgos han permitido conocer que
los atletas muestran un mayor deterioro estabilométrico en el periodo de volumen
seguido del precompetitivo, ambos como periodos de entrenamiento con mas carga de
trabajo y entrenamiento poco especifico. Estos resultados mejoraban al cambiar al
periodo competitivo, mas intenso y especifico. Aunque los atletas mostraban la mejor

estabilidad postural de la temporada de invierno en el periodo mas general, en la
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pretemporada. Los estudios que analizan los efectos del entrenamiento en la estabilidad
postural muestran la misma linea que nuestro articulo VI. Perrin et al. en el 2002,
concluyeron que entrenamientos mas generales podian contribuir a un desarrollo de
adaptaciones sensitivomotoras transferibles a la estabilidad postural de los
deportistas'*?. Del mismo modo, nuestro estudio muestra la mejor capacidad
estabilométrica en pretemporada, donde los ejercicios son muy generales. Por otro lado,
la bibliografia muestra que atletas del mismo deporte pero mayor nivel e intensidad

competitiva, tienen mejor estabilidad postural'** '¥°

. También, la estabilidad postural
cambia entre deportistas, representando los gimnastas los deportistas con mejor
capacidad estabilométrica y sugiriendo una adaptacion por parte de entrenamiento mas
especifico. Ambas conclusiones apoyarian al estudio de Thorpe and Ebersole, quienes
afirmaron que la estabilidad es sensible a la etapa de entrenamiento en el que se
encuentre el atleta e induce adaptaciones corporales inducidas segln la intensidad y el
volumen de entrenamiento'®. En apoyo a la bibliografia, nuestros resultados muestran
que la estabilidad postural mejora al pasar de los periodos de mas carga de

entrenamiento (volumen y precompetitivo) al periodo competitivo, compuesto por

entrenamientos muy intensos y especificos.

Sin embargo, también hemos de tener en cuenta que los periodos centrales de la
temporada, en los que se ha observado mayor deterioro estabilométrico en nuestro
articulo VI (volumen y precompeticion) son los que mas carga de trabajo sustentan y
por tanto mayor nivel de fatiga, la cual debe ser considerada por su demostrada relacion
con la estabilidad®® *® >* ! Estos periodos contienen la mayor parte del trabajo lactico
de la temporada, el cual induce un alto dafo muscular. Por ello, los articulos VII y

VIII se disefiaron para analizar los efectos a corto plazo del entrenamiento lactico en la
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propiocepcion y estabilidad del atleta. Los resultados mostraron que esta tipologia de
entrenamiento deteriora la estabilometria y el posicionamiento articular de la rodilla de
forma inmediata. Estos hallazgos son afines a innumerables estudios que han evaluado
los efectos a corto plazo de protocolos de ejercicios extenuantes, mostrando siempre un

deterioro estabilométrico>® 3¢ 64 133

y en la capacidad de reposicionamiento articular
tanto miembro inferior como superior e incluso columna vertebral®® * '** %7 Voight et
al., sugieren que los husos musculares se desensibilizan y son incapaces de enviar la
informacion propioceptiva al sistema nervioso de forma eficaz. Consecuentemente, el
reconocimiento posicional y la estabilidad postural se deterioran'’*. Ademas, el articulo
VIII muestra que el deterioro estabilométrico continua 30 minutos mas tarde. Por lo
que, de acuerdo a los resultados de nuestro articulo V, el atleta se encuentra en una
situaciéon de potencial riesgo lesivo post-entrenamiento. Por otra parte, este mismo
articulo muestra que la estabilometria mejora incluso los valores basales 24 horas
después del trabajo lactico. Este hallazgo podria ser justificado por las adaptaciones que
los deportistas experimentan con la actividad fisica y que los dotan de una mejor

: o ., o 452,92
capacidad estabilométrica en comparacion con los no deportistas™ ™~

. Por tanto, seria
interesante analizar los efectos de diferentes metodologias de entrenamiento en la

propiocepcion de los deportistas.

En base a los resultados de los articulos I y II, V, VI, VII y VIII, los periodos de
entrenamiento de volumen y pre-competicion se presentan como etapa diana en la que
incluir el entrenamiento propioceptivo para mejorar la estabilidad y prevenir lesiones

posteriores.

Por otra parte, para que los deportistas incluyan el entrenamiento propioceptivo

como complemento de su rutina de trabajo, los articulos III y IV analizaron los efectos
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inmediatos del entrenamiento propioceptivo en la estabilidad postural. Los hallazgos
mostraron que el entrenamiento propioceptivo reporta un mantenimiento o
“congelacion” inmediata de los valores en la estabilometria monopodal, pero al mismo
tiempo deteriora la estabilometria bipodal. La justificacion de estos resultados podria
radicar en la fatiga resultante del ejercicio propioceptivo intenso al que se sometieron,
aunque al no ser determinada mediante medicion, la fatiga no es concluida como causa
sino a modo de sugerencia. Probablemente y de acuerdo a la revision de Hrysomallis en
2011, los atletas no hicieron un entrenamiento propioceptivo con una secuencia
progresiva’®, lo que pudo dificultar la mejora estabilométrica. También, la sesion
propioceptiva que los atletas realizaron consistié en ejercicios monopodales, lo cual
pudo mejorar los parametros monopodales debido a la especificidad del entrenamiento y

no los bipodales'®'.

Nuestros articulos III y IV aportaron nueva evidencia sobre los efectos agudos
del entrenamiento propioceptivo, sin embargo, seria interesante incorporar una muestra
de atletas con experiencia en trabajo propioceptivo para descartar que la progresion de

la secuencia no haya condicionado los resultados.

En general, los hallazgos mostrados en los distintos trabajos de esta Tesis
muestran que los atletas que realizan entrenamiento propioceptivo mejoran la
estabilidad postural, lo cual puede impedir lesiones posteriores. Considerando una dosis
y progresion adecuada, la mejor etapa para realizar el entrenamiento propioceptivo se
corresponde con los periodos de mas carga y trabajo de la temporada puesto que la
estabilidad estd mas deteriorada. Ademas, el entrenamiento lactico constituye una
situacion de potencial riesgo lesivo, puesto que altera la estabilidad y el reconocimiento

articular de forma inmediata. A nivel de rendimiento deportivo, el entrenamiento
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propioceptivo mejora la potencia de salto de forma moderada, aunque no se transfiere

en mejoras mas funcionales.

Entrenadores y fisioterapeutas han de valorar los condicionantes que mejoran y

deterioran la propiocepcion para mitigar el riesgo lesivo de los deportistas.
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CONCLUSIONES

Seis semanas de entrenamiento propioceptivo mejoran la estabilidad postural y
el control de centro de gravedad en velocistas, ademas de producir moderadas
mejoras en la potencia de salto vertical, aunque estas mejoras no se transfieren a

mayor velocidad de carrera (Articulos I y II).

Una sesion de entrenamiento propioceptivo deteriora de forma inmediata la
estabilidad postural bipodal de atletas, sin embargo mantiene constantes los

valores de estabilidad monopodal (Articulos I11 y IV).

Los atletas que presentan mayores valores de dispersion en apoyo bipodal o
posicionamiento medio-lateral en apoyo monopodal del centro de presiones son
mas propensos a lesionarse en el periodo de entrenamiento subsequente

(Articulo V).

Los atletas muestran peores valores estabilométricos en los periodos de
entrenamiento con mayor carga de trabajo y estos valores mejoran con menor
carga y mayor intensidad de entrenamiento, sin influencia de la modalidad de
carrera de los atletas. Sin embargo, los velocistas tienen una mejor estabilidad
postural monopodal en plano anteroposterior comparado con los medio-

fondistas (Articulo VI).

Una sesion de entrenamiento lactico deteriora de forma inmediata la estabilidad
postural y la propiocepcion de los atletas. Treinta minutos después este deterioro
se mantiene en la estabilidad postural, aunque tras 24 horas, existe una mejora

de los valores estabilométricos basales (Articulos VII y VIII).
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CONCLUSIONS

=  Six weeks of proprioceptive training improve postural stability and control of
gravity center of athletes, and also produce moderate improvements in jump

power, which is untransferable to a faster race (Papers I and II).

= A proprioceptive training session immediately deteriorates the bipodal postural
stability of athletes, however maintains stabilometric values on monopodal

support (Papers III and IV).

= Athletes showing worse postural stability — higher center-of-pressure spread on
bipodal support and a mediolateral center-of-pressure position further from axis
of ordenates on monopodal support — are more prone to injuries in subsequent

training period (Paper V).

= Athletes show worse postural stability in training periods with a higher volume
of workload, and it improves in periods with a low-volume, high intensity
workload. The athletic variety does not have any influence on these differences,
although sprinters display better anteroposterior monopodal stability compared

with middle-distance runners (Paper VI).

* A lactic training session deteriorates immediately the postural stability and
proprioception of athletes. Although after thirty minutes the stabilometric
deterioration remains, 24 hours later, stability is better than basal level (Papers

VII and VIII).
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ABSTRACT

Romero-Franco N, Martinez-Lopez EJ, Lomas-Vega R, Hita-
Contreras F, and Martinez-Amat A. Effects of proprioceptive
training program on core stability and center of gravity control in
sprinters. J Strength Cond Res 26(8): 2071-2077, 2012-The
purpose of this study was to determinate the effect of a 6-week
specific-sprinter proprioceptive training program on core
stability and gravity center control in sprinters. Thirty-three
athletes (age = 21.82 *+ 4.84 years, height = 1.76 = 0.07 m,
weight = 67.82 * 08.04 kg, body mass index = 21.89 + 2.37
kg-m~2) from sprint disciplines were divided into a control (n =
17) and experimental (n = 16) groups. A 30-minute pro-
prioceptive training program was included in the experimental
group training sessions, and it was performed for 6 weeks, 3
times each week. This program included 5 exercises with the
BOSU and Swiss ball as unstable training tools that were
designed to reproduce different moments of the technique of
a sprint race. Stability with eyes open (EO) and eyes closed,
postural stability, and gravity center control were assessed
before and after the training program. Analyses of covariance
(. = 0.05) revealed significant differences in stability in the
medial-lateral plane with EO, gravity center control in the right
direction and gravity center control in the back direction after
the exercise intervention in the experimental athletes. Neverthe-
less, no other significant differences were demonstrated. A
sprinter-specific proprioceptive training program provided
postural stability with EO and gravity center control measures
improvements, although it is not clear if the effect of training
would transfer to the general population.

Key WORDS proprioception, athletics, postural stability, gravity
center, Swiss ball
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INTRODUCTION

n the last 2 decades, proprioception has been con-
sidered an irreplaceable tool in the rehabilitation of
muscle injuries. Restoring neuromuscular control after
a muscle injury by means of proprioceptive exercises
performance is based on the fact that the ligaments have
proprioceptors and any damage on these structures would
change the afferent information, requiring a neurological
restoration to obtain a complete recovery (9). If there is no
complete restoration and the sense of proprioception is
damaged, it provides wrong information to the central ner-
vous system, which cannot be managed, producing
uncontrolled and fast body movements. This situation
increases the risk of injury and affects the stability of the
subject (26). It has been shown that proprioception is affected
by age, gender, injuries, environmental temperature, dehy-
dration conditions, and exhausting exercises (10,17). Fatigue
caused by these exhausting exercises is considered as
a predisposing factor to muscle injury, and it usually appears
in sports competition (20). This situation produces dis-
turbances that displace the gravity center outside the base of
support and is necessary to activate the stabilizing muscles to
correct these alterations and restore the normal postural
balance (14,25). Because of this, in recent years, pro-
prioception has also become one of the most important
techniques in the prevention of muscle injuries (2,7).

The effectiveness of proprioceptive exercises has been
occasionally studied (8,11,21) providing significant improve-
ments in core stability in athletes of different sports. This
training is often included in exercise routines by using
unstable platforms. Besides, this stability increase has been
confirmed to provide a basis to obtain a higher strength
output (27).

According to previous research studies, some controversy
exists between the consulted authors, and there is no clear
relationship between proprioceptive training and improve-
ment in athletic performance.

To address this problem, the purpose of this study was to
demonstrate the effect of a sprinter-specific proprioceptive
training program with unstable platforms, using the Swiss ball
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INITIAL PHASE — The first three weeks

FINAL PHASE — The last three weeks

EXERCISE 1
Initial phase. From the
position indicated in the
picture, to do shoulder
flexion- extension.

30" each limb

EXERCISE 2
Initial phase. From the
position of the picture,
doing hip flexion-
extension at the same
time that moving the
shoulder in flexion-
extension.

10 times each limb

EXERCISE 3
Initial phase. From the
position indicated in the

picture, to do shoulder
flexion- extension.
30" each limb

EXERCISE 4

Initial phase. The free

leg does a whole

circulation which ends

with the extension hip.
10 times each limb

EXERCISE 5
Initial phase. The free
leg does hip, knee and
ankle flexion
synchonized with the
high member which also
moves in flexion-
extension.

10 times each limb

Jotirnal of Strength and Conditioning Research

EXERCISE 1
Final phase. The same 'y ‘
performance but now K,
each hand holds a 2kg \
weight which increases
1.5 kgper week.

30" each limb

EXERCISE 2

Final phase. The same
performan ce apart from
each hand hold a 2 kg
weight which increases
1.5 kgper week and a 3
kgankle weight in each
ankle.

10 times each limb

EXERCISE 3
Final phase. The same
performance but now
each hand hold a 2 kg
weight which increases
1.5 kgper week and the
back leg is supported
over the metatarsals.
30" each limb

EXERCISE 4
Final phase. The same
performan ce apart from
a 3kgankle weight in the
freeleg

10 times each limb

EXERCISE 5
Final phase. The same
performan ce apart from
each hand hold a 2 kg
weight which increases
1.5 kgper week and also
a 3kgankle weight in

" each ankle.

10 times each limb

Figure 1. Instructions and exercises to do in the 6-week specific-sprinter proprioceptive training program.
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and BOSU as main training tools, on eyes open (EO) and eyes
closed (EC) postural stability and sprinters gravity center
control. It was hypothesized that a proprioceptive training
would improve the stability and the gravity center control
of sprinters.

METHODS

Experimental Approach to the Problem

A quasiexperimental, pretest-posttest control group design
was used in this study. The intervention consisted of the
implementation of a sprinter-specific 6-week proprioceptive
exercises program in a group of sprinters. These sprinter-
specific exercises tried to reproduce the different moments of
the technique of a sprint race to perform the propioceptive
practice in the same position that the athletes had to compete.
Each week, this program was repeated on 3 days, concretely
every Monday, Wednesday, and Friday. It was carried out
from September to October, which is the preseason period
in which none of the athletes were participating in com-
petitions, and all of them were training their aerobic capacity
and strength. The training program was divided into 2 dif-
ferent phases of 3 weeks, respectively. The first one was an
initial phase, which took place from September 13 to October
3, and the sprinter-specific exercises were performed without
additional weight. The last one was the final phase, which
took place from October 4 to October 21 and the sprinter-
specific exercises were performed with additional weight
(Figure 1). The control group had a shorter duration training
program because no proprioceptive training was included
in it. To avoid influencing the results, the training of the
control group and the experimental group took place in the
mornings and in the afternoons, respectively. Preintervention
and postintervention tests included stabilometric tests with
open eyes and closed eyes, postural stability test, and gravity
center control test. The dependent variables were all the
measures from the 3 tests. The independent variable was
the sprinter-specific training program.

Subjects

Thirty-three male sprinters (age = 21.82 * 4.84 years,
height=1.76 * 0.07 m, weight =67.82 = 08.04 kg, body mass
index = 21.89 = 2.37 kg'm ™ ?) from sprint disciplines (100-,
200-, 400-, and 110- and 400-m hurdles) voluntarily par-
ticipated in the study. The athletes were divided into 2 groups
by means of a simple random probability sampling: group 1
(control) consisted of 17 subjects (age = 21.18 * 4.47 years,
height = 1.75 * 0.02 m, weight = 65.3 * 9.79 kg, body mass
index = 21.27 = 2.65 kg-m~?). This group simply continued
with their daily workout routine. Group 2 (experimental)
consisted of 16 subjects (age = 22.5 * 5.12 years, height =
1.77 = 0.06 m, weight = 70.5 = 4.44 kg, body mass index =
22.33 + 3.15 kg-m?). This group added a sprinter-specific
proprioceptive exercise protocol to their routine training.
No athlete had ever performed any proprioceptive training
before. All the subjects were informed of the risks and signed

2,00 ~

£ 0.00-

-2,00 -
n=17

Control
GROUP

Figure 2. Real picture of exercise 2—initial phase.

the informed consent form. According to the standards of the
Declaration of Helsinki, parents or legal guardian signed the
informed consent form in the case of underaged athletes

(rev. 2008).

Procedures

Stability Test with Eyes Open and Closed. An EPS Baropodo-
metric platform was used (Bologna, Italy). Reliability of this
test has been shown in earlier studies (4). All the athletes were
asked to stand on both feet on the baropodometric platform
with EO and ECEC for 52 seconds each one to allow the
study of visual and vestibular influences on sway parameters.
This test measures the mean center of pressure position in

70.00 1 p—
)
= 65,00 -
2 05,
o
o
w
(]
ut
(U]
< 60,00 -
<
g
[+
w
o
65.00 - n=16 (=]
Experi"nerli Cof;lml

GROUP

Figure 3. Real picture of exercise 1—final phase.
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TaBLe 1. Summary of eyes open results after 6 weeks of the proprioceptive training program in both groups.*

Variable Experimental (N = 16) Control (N =17) Significance Eta square
XEO (mm) —0.78 = 4.31 2.30 £ 2.75 0.0107 0.203
DEO (mm) 90.04 = 19.71 105.82 *+ 23.12 0.073 0.103
SpEO (mm-s™") 1.79 = 0.39 2.14 = 0.52 0.065 0.109
YEO (mm) -1.12 £ 6.79 2.88 + 4.76 0.151 0.067
SEO (cm?) 0.62 = 0.35 0.90 = 0.62 0.216 0.051
RombergS 1.05 £ 0.59 0.74 = 0.46 0.099 0.088
RombergSp 0.89 = 0.09 0.93 = 0.09 0.249 0.044
RombergD 1.23 £ 0.30 1.26 = 0.22 0.891 0.001

*XEO = mean position center of pressure in the medial-lateral plane with eyes open; YEO = mean position center of pressure in the
anterior-posterior plane with eyes open; DEO = distance covered by the center of pressure with eyes open; SpEO = speed of center of
pressure movement with eyes open; SEO = surface covered by the center of pressure with eyes open; RombergS = Romberg index
about surface; RombergSp = Romberg index about speed; RombergD = Romberg index about distance.

Statistical significance (« > 0.05).

the medial-lateral plane (X) and posteroanterior plane (Y).
It also measures the surface covered by the center of pres-
sure (S), the speed of the center of pressure movement (Sp),
the distance covered by the center of pressure (D) and the
Romberg index about surface (RombergS), about speed
(RombergSp), and about distance (RombergD).

Postural Stability. Postural stability measurement was carried
out in the Biodex Balance System (BBS; Biodex Medical
Systems, Shirley, NY, USA). The BSS is a multiaxial tilting
platform that allows the examiner to objectively measure the
ability of a subject to maintain dynamic postural stance on
a platform through the use of stabilometry (1,19). Schmitz
and Arnold (19) examined the intrarater reliability of the
Biodex Stability System and reported an intraclass correla-
tion coeflicient value of 0.82 for total stability, using

a stability test. The variables measured are General Stability
(Gs), medial-lateral stability (M), and anteroposterior stability
(Ap). Measures were obtained from three 20-second trials
where participants were asked to maintain an upright
standing position on the surface of BBS.

Gravity Center Control. The BBS was used for this test. This
test is designed to challenge the user to move through
a movement pattern consistent with the sway envelope. The
sway envelope is that area a person can move their gravity
center within their base of support. It is approximated from
vertical as 8° to one side, 8° to the other and 8° forward and 4°
back. Scoring is shown as a percentage and reflects the
directional accuracy of the movement to the blinking targets
time counts up. The variables obtained are general gravity
center control (ControlGC) and this control in the right

TasLE 2. Summary of control gravity center results after 6 weeks of proprioceptive training in both groups.*

Variable Experimental (N = 16) Control (N=17) Significance Eta square
CG control (%) 53.63 £ 14.40 48.18 = 13.38 0.270 0.103
Front (%) 52.44 + 17.81 57.88 = 13.98 0.339 0.031
Back (%) 69.75 £ 18.20 54.71 = 17.68 0.0267 0.154
Right (%) 63.31 £ 17.15 49.71 = 23.87 0.0417 0.132
Left (%) 56.31 £ 21.36 61.00 £ 22.63 0.545 0.002
Front right (%) 58.94 + 21.83 52.06 = 20.34 0.357 0.015
Front left (%) 60.31 = 18.17 50.88 = 20.65 0.173 0.054
Back right (%) 51.75 = 16.47 53.71 = 17.55 0.743 0.000
Back left (%) 52.19 £ 24.12 46.24 = 18.74 0.437 0.047

*CG control = general gravity center control; front = gravity center control in the front direction; back = gravity center control in the
back direction; right = gravity center control in the right direction; left = gravity center control in the left direction; front right = gravity
center control in the front-right direction; front left = gravity center control in the front-left direction; back right = gravity center control in
the front-right direction; back left = gravity center control in back-left direction.

‘Statistical significance (o > 0.05).
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(Right), left (Left), back (Back), front (Front), front-left
(Front-left), front-right (Front-right), back-left (Back-left),
and back-right (Back-right) directions.

Training Program. The training protocol was performed
3 d-wk ™! and for 30 minutes each session. The training pro-
gram consisted of 5 sprinter-specific proprioceptive exercises
(Figure 1). Some real pictures of these exercises are shown in
Figures 2 and 3.

Statistical Analyses

Data were analyzed using SPSS for Windows, version 17;
SPSS, Inc., Chicago, IL, USA. Analyses of covariance were
used to study the influence of a proprioceptive program in the
stability of athletes, using basal measurement values (pre-
treatment) as a covariate. Eta square was used to measure the
effect sizes. Significance was determined at p < 0.05.

REsuLTS

A descriptive study of all the variables throughout absolute
frequency distribution (V) and basic measures summarized as
mean, SD, and SEM was performed. All the variables showed
a normal distribution and were comparable at baseline.

Variables of the Stability Test with Eyes Open and Closed
Table 1 shows the mean of the variables measured in the
stability test with EO. In the medial-lateral plane of the center
of pressure with EO (XEO) mean position (Figure 2), —1.1 +
4.3 mm was obtained by the experimental group compared
with the control group value of 2.6 * 2.8 mm, showing
statistical differences (p = 0.010).

The remaining variables showed nonstatistically significant
differences though the center of pressure distance with EO
(DEQ), the center of pressure speed with EO (SpEO), and the
Romberg index about the surface oscillation (RombergS)
differences were of borderline significance.

Figure 4. Mean position of the center of pressure in the medial-lateral
plane for the eyes open test (XEO) after 6 weeks of proprioceptive
training program in both groups.

Figure 5. Gravity center control in the back direction after 6 weeks of
proprioceptive program in both groups.

Postural Stability Variables
None of this test variables revealed significant differences.

Variables of Gravity Center Control

Table 2 shows the mean scores of the test variables after
6 weeks of the proprioceptive training program. The control
of the position of the gravity center in the posterior direction
presented significant differences (p = 0.026) with a score
of 69.5 = 18.2% from the experimental group and 54.7 *
17.7% obtained by the control group. Statistically significant
differences appeared (p = 0.041) controlling the position of
the gravity center in the right direction (Right) when com-
paring both experimental and control groups (63.3 * 17.2 vs.
49.7 = 23.9%, respectively). Nonsignificant differences were
observed in the remaining variables.

DiscussioN

The purpose of this study was to analyze in sprinters the effect
of a proprioceptive training program with a Swiss ball
and BOSU on postural stability with open and closed eyes
and gravity center control. This training program was
performed for 6 weeks, from September 13 to October 21,
2010, 3 d-wk '. The training program was divided into 2
phases: an initial phase, which took place the first 3 weeks
where the sprinter-specific exercises were performed without
additional weight, and a final phase, which took place the last
3 weeks where the sprinter-specific exercises were performed
with additional weight (Figure 1). The training program was
divided into these 2 phases in keeping with the training
principle of progression, which says that only the gradual
increase of the loads improves the physical capacity (13).
Previous research studies have shown that proprioceptive
training produced stability improvements with 6- to 10-week
programs, with 10- to 20-minute sessions, 3-5 d-wk *
(3,11,16,22-24). With this methodology, some interesting
findings have been observed in our study. First of all, some
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improvements on open eyes stability tests were observed, in
keeping with Stanton et al. (21) and Schibeck et al. (18) who
found that proprioceptive training improved core stability in
sportsmen. In this study, as shown in Figure 4, the stability
with EO in the medial-lateral plane (XEO) showed that
reaching statistical significance because of the mean position
of the center of pressure is more centrally situated in the
experimental group than in the control group. Second,
because in the present investigation the differences shown in
the medial-lateral plane were not found in the anterior-
posterior plane (YEO), these data support the notion of the
priority of the medio-lateral plane in stability strengthening
as was suggested by Bie¢ and Kuczynski (5) whose study
produced similar results with young soccer players, with an
important medial-lateral plane improvement, which was not
observed in the anterior-posterior plane (YOE). On the other
hand, in this study favorable tendencies were observed in
most of the variables of this same test: The distance from the
center of pressure with EO (DEO) and the speed in covering
this distance (SpEO) was improved in the experimental
group, and these differences were very close to statistical
significance as shown in Table 1. This finding supports those
of other studies in which the wrong proprioceptive
information could lead to purposeless body movements
with a postural instability increase, which could explain these
differences (27).

Another interesting finding pertained to the use of vision to
stabilize as done in the experimental group compared with in
the control group; however, no significant differences were
determined. According to one study that stated that
the Romberg index was useful for identifying damaged
proprioception, in this study, this finding determined the
proprioceptive system conditions to be in favor of the
experimental group (6).

In this study, we observed that gravity center control
improvements in the back and right directions in the
experimental group resulted from a 6-week proprioceptive
training program, as shown in Table 2. This improvement
in the back direction in the experimental group compared
with that in the control group is shown in Figure 5. These
differences support the earlier work of Mattacola et al. (12),
who reported gravity center control improvements as mea-
sures of dynamic balance thanks to a proprioceptive training
over the Freeman balance board. No significant changes were
observed in the rest of the gravity center control measures in
the present investigation.

In summary, the results of this study suggest that a 6-week
sprinter-specific proprioceptive training program using
the Swiss ball and BOSU unstable platforms as the
main training tools slightly improves core stability
and some dynamic parameters such as gravity center control.

PRACTICAL APPLICATIONS

These data denote that specific BOSU and Swiss ball
proprioceptive training programs provide postural stability
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and certain gravity center control improvements. Although
these results are applicable to this specific study population
(sprinters), previous research studies have shown stability
improvements that result from BOSU and Swiss ball training
and the guarantee that these training tools can contribute to
sports injury prevention (9,11).

According to the results observed in this research, this
kind of specific-sprinter exercises under instability could be
incorporated as a part of warming-up activities in the athlete
specific training sessions to achieve a better postural
stability and gravity center control, which could improve
the efficiency in the athlete’s running technique as a long-term
objective.

For further research, a larger sample size and more expe-
rience are recommended. Different age ranges and compet-
itive levels and female sample population inclusion should be
an interesting option to consider.
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ABSTRACT

Proprioceptive training is becoming increasingly integrated in sports
performance, but its effects in the are under study in the present paper are still
not well-known. The present study was aimed at determining the effect of six
weeks of proprioceptive training on the balance, strength, and speed of
sprinters. A total 33 medium-level sprinters were divided into two groups: a
control group (17 subjects) and an experimental group (16 subjects). The
training program in the latter group included 30 minutes a day of proprioceptive
training using BOSU® and Swiss balls. Before and after the training program,
stabilometry tests were completed for the horizontal (X) and vertical (Y) planes,
as well as squat jumps, counter movement jumps, and a 30-meter sprint. An
analysis of variance and covariance revealed a beneficial impact on postural
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balance in the experimental group, as well as moderate increases in jump
power with no impact on the speed of sprinters.

KEY WORDS: Proprioception; speed; strength; postural stability; Swiss ball;
performance.

RESUMEN

El trabajo propioceptivo estd cada vez mas integrado en el
entrenamiento deportivo, sin embargo sus efectos en este ambito son poco
conocidos. El propésito de este estudio fue determinar el efecto de 6 semanas
de entrenamiento propioceptivo sobre el equilibrio, fuerza y velocidad de atletas
velocistas. Participaron 33 atletas velocistas de nivel medio que fueron
clasificados en dos grupos: control (n=17) y experimental (n=16). El grupo
experimental incluyd en su sesidn de entrenamiento un programa propioceptivo
de 30 minutos/dia utilizando BOSU® y Swiss ball. Antes y después del
programa se realizaron test de estabilometria en plano transversal (X) y sagital
(Y), squat jump, counter-movement jump y carrera de velocidad de 30 m. El
analisis de varianza y covarianza revel6 efectos de mejora en el equilibrio
postural de los atletas experimentales, asi como incrementos moderados en la
potencia de salto, que no se tradujeron en mejora de los resultados de
velocidad de los atletas.

PALABRAS CLAVE: Propiocepcion; velocidad; fuerza; estabilidad postural;
swiss ball; rendimiento.

INTRODUCTION

Speed in athletics is particularly influenced by the amplitude and frequency of
all body movements (Cometti, 2002). To improve both parameters, training
must include muscle contractions at maximum intensity, correct biomechanical
movements, and good stability in order to focus and maximize strength in
movements (Cosio-Lima et al., 2003; Lin et al., 2007). In response to the
stability factor, it has been shown that in unstable conditions force is
considerably decreased (Marshall y Murphy, 2006), due to the fact that an
accurate and precise contraction requires that the nervous system receives
adequate information about the location and position from receptors in muscles,
ligaments, joints, and skin (Behm et al., 2002 y 2003). This is called
proprioception and helps perceiving conscious and unconscious sensations of
muscle sense, postural balance and joint stability (Lephart & Fu, 2000).

It has been proven that athletes who cope with continued fatigue and
disturbances that alter the proprioceptive system by sending distorted
proprioceptive information suffer biomechanical alterations and lose movement
efficiency (Yasuda et al., 1999). Authors agree that during racing, the
neuromuscular spindle is the proprioceptive receptor which is responsible for
movement execution, posture and maintenance of muscle tone. (Fitzpatrick et
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al., 1994; Ganong, 2004). It is therefore the only receptor that can be modified
by the Central Nervous System through proprioceptive training (Ashton-Miller et
al., 2001).

Based on this statement, and thanks to proprioceptive training and the
consequent modification of neuromuscular spindles as the main proprioceptive
receptors, improvements have been found in the strength of athletes at the start
of an isometric action (Gruber & Gollhofer, 2004). In addition, biomechanical
performance has been perfected in movements similar to the ones carried out in
proprioceptive training (Ashton-Miller et al., 2001; Gonzalez et al., 2011) and an
increased muscle recruitment has been gained during contractile activity in
exercises on an unstable platform (Behm et al., 2002, 2003; Marshall & Murphy,
2005; Anderson & Behm, 2005).

Despite previous findings in other athletes, there is little scientific evidence
supporting the benefits of including proprioceptive training in the training routine
of sprinters. In recent years, proprioceptive training initiatives have been
undertaken using equipment such as BOSU® and Swiss balls (Stanton et al.,
2004; Wahl & Behm, 2008).

The addition of proprioceptive work to athletic training has provided an
important improvement in new ways of training, and in proprioceptive afferents
reflected in performance such as reaction time and specific muscle strength, as
well as in more stability and in the prevention of common injuries like ankle
sprain (Gruber & Gollhofer, 2004; Yaggie & Campbell, 2006; Laudner &
Koschnitzky, 2010). However, there are still many aspects of proprioceptive
training which must be adjusted, like the type, volume and intensity of
exercises.

Based on these arguments, the purpose of the present study was to analyze the
effects of proprioceptive training in the balance, strength and speed of sprinters.
Authors have hypothesized that proprioceptive training with BOSU® and Swiss
balls as unstable platforms would increase postural balance of athletes,
improving the effectiveness of lower-body muscle contraction and decreasing
the time required to run the 30-meter distance.

METHODS

A quasi-experimental, pre-test-post-test control group design was used in this
study. A six-week sprinter-specific proprioceptive exercise program was
implemented. The study was carried out during September and October of
2010, at a time when all participant athletes were training in a pre-season
period and their training consisted mainly of aerobic capacity and strength
exercises.

Participants
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Thirty-three medium-level male sprinters from the Unicaja athletic club of Jaén
(age = 21.82 + 4.84 years, height = 1.76+£0.07 m, weight = 67.82+08.04 kg,
body mass index = 21.89+2.37 kg_m?), with a record that allows them to
compete in regional-level events. All athletes belonged to sprint disciplines
(100m, 200m, 400m, as well as 110m and 400m hurdles). All athletes with less
than one year of experience and/or all those who had previously practiced
proprioceptive training were excluded. Athletes were divided into two groups by
means of simple random probability sampling. The control group comprised 17
subjects (age = 21.18 +4.47 years, height = 1.75£0.02 m, weight = 65.3+9.79
kg, body mass index = 21.27+2.65 kg_m?). This group simply continued with
their daily workout routine. The experimental group, which comprised 16
subjects (age = 22.5 £ 5.12 years, height =1.77 £ 0.06 m, weight = 70.5%£4.44
kg, body mass index =22.33+3.15 kg_m?), added a sprinter-specific
proprioceptive exercise protocol to their routine training.

Material

Six Swiss balls, 75 cm in diameter, six BOSU® Balance Trainers, six pairs of
adjustable-weight dumbbells to fit the physique of the athlete and six pairs of
three kg ankle weights were used for proprioceptive training purposes. A
system of two OMRON® (Japan) photo-electrical cells and their receptors were
place at the start line and the 30-meter line in order to measure running speed.
In addition, an Ergo Tester Globus® (Italy) contact platform was used for jump
measurements, as well as an EPS ® (Italy) baropodometric platform, which was
used for the medial-lateral and anteroposterior stability tests.

Procedure

This study was carried out during the months of September and October 2010,
at a time when all athletes were training in a pre-season period with no
competitions. Before taking part in the study, all subjects were briefed on how to
correctly execute the tests and exercises, and were informed of the risks.
Informed consent was obtained from all subjects. According to the standards of
the World Medical Association Declaration of Helsinki of 1975 (2008 version),
parents or legal guardians signed the informed consent form in the case of
underage athletes.

Intervention: proprioceptive training

The specific proprioceptive program was carried out three times per week
during six weeks. Every proprioceptive training session took approximately thirty
minutes, and included five proprioceptive exercises in each of the initial and
final phases. The first phase of each exercise was carried out for the first three
weeks. The second one (final phase) of each exercise was carried out for the
last three weeks and consisted of the same exercises with the addition of
weights to increase the intensity of exercises (figure 1). The correct execution of
proprioceptive exercises and their intensity were supervised by a fithess
specialist and a physical therapist with a specialization in sports injuries. To

440



Rev.int.med.cienc.act.fis.deporte- vol. 13 - nimero 51 - ISSN: 1577-0354

ensure the best supervision, subjects were divided into groups of ten to twelve

athletes.

Athletes in the control group were asked not to include changes in their training
routines and inform about any medication taken during the six weeks of the
intervention period.

INITIAL PHASE - First three weeks

FINAL PHASE — Last three weeks

EXERCISE 1
Initial phase.
From the
position
indicated, flex-
extend
shoulder.

30" for each
limb.

EXERCISE 2
Initial phase.
From the
position
indicated, flex-
extend hip and
shoulder
simultaneously.

Repeat 10
times for each
limb.

EXERCISE 3
Initial phase.
From the
position
indicated, flex-
extend
shoulder .

30" for each
limb

EXERCISE 1
Final phase.
Same exercise
but now each
hand holds a 2
kg weight which
increases by
1.5 kg every
week.

30" for each
limb.

EXERCISE 2
Final phase.
Same exercise
but now each
hand holds a 2
kg weight which
increases by
1.5 kg every
week, and a 3
kg weight is
attached to
each ankle.

Repeat 10
times for each
limb.
EXERCISE 3
Final phase.
Hold the
indicated
position with a
10 kg bar which
increases by 2
kg every week.
The back leg is
supported over
the metatarsals.

30" for each limb.

3

5

1

.
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EXERCISE 4
Initial phase.
The free leg
does a whole
circulation
which ends
with hip
extended.

Repeat 10 times
for each limb.

EXERCISE 5
Initial phase.
The free leg
performs a hip,
knee and ankle
flexion
synchronized
with the high
member which
moves in
flexion-
extension.

Repeat 10 times
for each limb.

EXERCISE 4
Final phase.
Same exercise,
but now with a 3
kg ankle weight
in the free leg.

Repeat 10 times
for each limb.

EXERCISE 5
Final phase.
Same exercise
but now each
hand holds a 2
kg weight which
increases by
1.5 kg every
week and a 3kg
weight is
attached to
each ankle.

Repeat 10 times
for each limb.

9
v
o

Figure 1. Proprioceptive training program [created by the authors].

Measurement of results

All athletes undertook a plyometric test of squat jump (SJ) and counter
movement jump (CMJ), a stabilometry and a 30-meter speed race with and
without starting blocks before and after the intervention period. Before every
test, all athletes performed a 30-minute warm-up, which included 10 minutes of
light running and 20 minutes of stretching, progressive acceleration, unloaded
full squats, and progressive height jumping.

Squat jump

This test was performed to measure the explosive strength of lower limbs in all
subjects (Cressey et al., 2007). Athletes were instructed to perform a vertical
jump from a position of knees bent at 90°, straight torso and hands on the waist,
without countermovement and without help from the arms. Test was done three
times on the contact platform with a two-minute rest between repetitions. The
best try was registered.

Counter movement jump

This test was performed to measure the explosive strength of lower limbs in all
subjects (Gonzélez et al., 2006). Athletes performed the jump from an initial
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upright position with hand on the waist and a countermovement in which knees
became bent at 90°. When jumping, knees had to be extended up to 180°
without hyperextending the hips. Test was done three times on the contact
platform with a two-minute rest between repetitions. The best try was
registered.

Stabilometry

This test was performed to analyze the postural stability of subjects in the
anteroposterior (Y) and the medial-lateral plane (X) according to the path
described by the center of pressure (Hoffman & Payne, 1995). These
stabilometric parameters inform about the mean position of the center of
pressure in the medial-lateral path, in the case of variable X, and in the
anteroposterior path in the case of variable Y. All athletes were positioned on
the baropodometric platform with a between-heels separation of five cm and the
feet forming a 30° angle. In this position, athletes had to remain motionless for
52 seconds. This routine was carried out twice: the first one with open eyes and
the second one with closed eyes. FootChecker 4.0 (Italy) was the software used
to analyze results.

30-meter race

A speed race was performed to analyze the acceleration and maximum speed
of all subjects (Ronnestad et al., 2008, Mehmet et al., 2009). The test required
running 30 meters at maximum speed on the track. Two photoelectrical cells
and their receptors were placed at the start and the 30-meter lines. All athletes
had two tries. The first race was performed without starting blocks, from a semi-
upright position with a more advanced standing foot and the contralateral hand
resting on the ground. A countermovement from that position was not allowed.
The second race was performed with starting blocks. A three-minute rest
separated both races.

Statistical analysis

A Student's t-test for independent samples was used in the initial intra-group
comparison. We performed a descriptive analysis of the data, an analysis of
variance ANOVA 2 (group) x 2 (time), with a Bonferroni confidence interval
adjustment and analysis of covariance (ANCOVA). A Kolmogorov-Smirnov test
was used to adjust the normal distribution. Jump measurement, postural
stability and the 30-meter speed race were used as dependent variables, and
the type of training as independent variable. We used the Pearson correlation
analysis to evaluate the relationship between dependent variables. Significance
level was determined at p<0.05 for all the statistical tests. Data were analyzed
using SPSS for Windows, version 19; SPSS, Inc., Chicago.

RESULTS
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Table 1 shows the descriptive statistical analysis for the before-training results.

All variables had a normal distribution. Statistically significant differences

between groups were found in the 30-meters speed race and the stabilometric
variable X (p =0,014 y p = 0,038, respectively).

Table 1. Descriptive data (mean and standard deviation) of all variables before and after six
weeks of proprioceptive training.

efore-training Measures

Experimental Control (n=17)

Variables (n=16)

(before) -1,88 + 5,01

1,83+4,85
X (mm)
Y (mm) 0,76 £5,51
30m ST 4,31+0,13
(sec.)
30m CT 4,44 + 0,12
(sec.)
CMJ (m) 0,45 + 0,06
SJ (m) 0,42 + 0,05

3,31+6,11
4,51 +0,28

4,58 +£0,29

0,41 + 0,07
0,39 + 0,06

P value

0,038*

0,220
0,014*

0,091

0,087
0,094

Measures after six weeks of a proprioceptive training program

X (mm) -0,78 £4,31
Y (mm) -1,10 £ 6,83
30m ST 4,33+0,12
(seg.)

30mCT 4,40 +4,51
(seg.)

CMJ (m) 0,46 + 0,06
SJ (m) 0,44 +£0,02

2,30+2,74
2,89+4,78
4,39 +0,21

4,57 £0,27

0,40 + 0,07
0,38 + 0,07

X (mm) = Postural stability in the medial-lateral plane (X)

Y (mm) = Postural stability in the anteroposterior plane (Y)
30 m WoutSB (sec.) = 30 meters race without starting blocks
30 m WSB (sec.) = 30 meters race with starting blocks

CMJ (m) = Counter Movement Jump

SJ (m) = Squat Jump

*Statistically significant differences (p < 0.05)
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Variance analysis in the mean height of SJ shows that the experimental group
performed higher jumps in after-training measurements (mean = 0,44 + 0,02 m)
than the control group (mean = 0,38 £ 0,07 m), (p = 0,032) (figure 2). Similar
results were shown by variance analysis in the after-training measurement of
the mean height of CMJ, where the experimental group reached higher values
(mean = 0,46 + 0,06 m) than the control group (mean = 0,40 + 0,07 m) (p =

0,047).
CML.J and S.J jump tests

*
0,470 -

l_.|_1

*x

0,450 -

0,430 -

O Control
0,410 -

Height (m)

M Experimental

0,390 -

0,370 -

0,350 4 . . :
Pre SJ Post SJ Pre CMJ Post CMJ

Figure 2. Graphic representation of the before- and after-training for the experimental and
control groups for the squat jump (SJ) and counter movement jump (CMJ) tests.* p < 0,05.

On the other hand, two of the six study variables (variable X and the 30-meter
speed race without starting blocks) showed statistically significant differences in
the before-training measures between both groups. To equalize the initial
differential effect, an covariance analysis (ANCOVA) was carried out, where
before-training measures of both variables were included as covariate. This
analysis showed significant differences for variable X (p = 0,010) favorable to
the experimental group (mean = - 0,78 + 4,31) with regard to the control (mean
= 2,30 £ 2,74, figure 3). No significant differences were apparent in the analysis
of the 30-meter race without starting blocks (p = 0,118). No main effect or
interaction effect were found in the analysis of the 30-meter race with starting

blocks.
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Medial-lateral stability (X)

-]

. 1 O Pre

Post
-1,5 -

Control Experimental

45 - Antero-posterior stability (Y)

3,5 - |
2,5 - I

b =

05 =

O Pre

(mm)

0.5 - e Post
_1J5 _

_3J5 —

4,5 -

Control Experimental

Figure 3. Graphic representation of the before- and after-training results in postural stability
according to the path described by the center of pressure.

High statistically significant associations between before-training measurements
of the 30-meter race with starting blocks and without starting blocks became
apparent in the correlation analysis (r = 0,62, p < 0,05), and particularly so in
after-training measures (r = 0,86, p < 0,01). Besides, correlations between SJ
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and CMJ jumps were really high in before-training measurements (r = 0,88, p <
0,001) and after-training measurements (r = 0,89, p < 0,001).

DISCUSSION AND CONCLUSIONS

The purpose of the present study was to analyze the effect of six weeks of
proprioceptive training with Swiss balls and BOSU® balls in the sports
performance of sprinters. Stabilometric, SJ and CMJ plyometric tests, as well as
a 30-meters speed race with and without starting blocks were carried out. The
reliability of the 30 meters speed race and plyometric tests as physical condition
and performance was reported by Martin et al. (2001). The intervention program
was tolerated by all athletes and no sign of health deterioration or injury was
detected by the end of the study.

Stabilometric results showed significant differences in the medial-lateral plane
(X) with an improvement from the experimental group, although no differences
were found in anteroposterior plane (Y). These results agree with those of
Schibek et al. (2001), Stanton et al. (2004), Gioftsidou et al. (2006), Yaggie &
Campbell (2006), Huang & Lin, (2010) and Romero-Franco et al. (2012), whose
surveys showed significant improvements in the postural balance of athletes
after performing a training program which included proprioceptive work as the
main exercise. Similar results were reported by Bieé & Kuczinsky, (2010) in
soccer players, who showed medial-lateral stabilometric improvements, but not
anteroposterior ones. The explanation of these results might lie in the length of
the program, as Hoffman & Payne, (1995) reported anteroposterior
stabilometric measurements in addition to the medial-lateral ones after ten
weeks of proprioceptive training.

Plyometric tests analysis found improvements in SJ and CMJ jumps for the
experimental group. Similar results were shown by Cressey et al. (2007), who
found improvements in the jump of those athletes who had included
proprioceptive work on unstable platforms in their training routines, although
these results were also present in the group including proprioceptive work on
stable platforms. In addition, the present study found a decrease in the
statistical limit of the height of jumps for the control group but not for the
experimental group. To explain these findings, it should be taken into account
that proprioceptive training might have a mitigating effect in the decline of the
explosive force of athletes. This could be a long-term benefit, given the fact that
the training in the pre-season period, when the present study was carried out,
mainly comprised aerobic capacity and strength work, which have been
considered counterproductive for jump power and race speed (Baechle & Earle,
2007).

On the other hand, a 30-meter speed race was chosen as a standard to test the
maximum speed of athletes (Garcia-Lépez et al., 2001; Cometti, 2002;
Fernandez et al., 2007). No significant differences were found in speed results
after proprioceptive training. Similar results were reported by Cressey et al. In
2007, after ten weeks of proprioceptive training, where both groups, who carried
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out proprioceptive work on unstable platform and who carried out the same
work on stable platform improved from their before-training measurements,
although the stable training group had a higher percentage of improvement in a
40- yard test (3,9% from a 1,8% for the unstable platform group). In contrast
with our results, Yaggie & Campbell showed in 2007 that a proprioceptive
training program improved the reaction capacity of athletes, which is considered
a fundamental parameter for the 30-meters speed race. An improvement in this
parameter should have been reflected in the results of the present study. The
difference between results could be explained by the presence of aerobic
resistance, which decreases the maximum racing speed (Baechle & Earle,
2007). This could therefore mask certain improvements in these parameters.

Despite these findings, the present study had important limitations. The authors
consider that sample size was enough to obtain optimal results, due to the fact
that some parameters such as the Y stabilometric variable and the 30-meter
speed race with starting blocks were at the statistical limit. There would have
probably been statistically significant differences with a larger size sample. The
duration of the intervention time was another great limitation, as it might not
have allowed full adaptation of the athletes to the proprioceptive training. A
complete adaptation might have been reflected in more notable improvements
in the speed and jump variables.

Based on the previous information, it can be concluded that six weeks of
proprioceptive training program (three days/week) comprising specific exercises
for sprinters improves the medial-lateral postural balance of athletes. The
proprioceptive training through Swiss balls and BOSU balls moderately
increases jump power, although these improvements are not transferred to a
faster racing speed. For further studies, we recommend extending the
intervention period to at least twelve weeks, as well as including athletes from
different competition levels and age ranges. A wider range of exercises for
sprinters might also be beneficial in future research.
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ABSTRACT

Romero-Franco, N, Martinez-Lopez, EJ, Lomas-Vega, R, Hita-
Contreras, F, Osuna-Pérez, MC, and Martinez-Amat, A. Short-
term effects of proprioceptive training with unstable platform
on athletes’ stabilometry. J Strength Cond Res 27(8): 2189—
2197, 2013-The purpose of this study was to determine the
short-term stabilometric effects of proprioceptive training in
athletes by using a BOSU ball and a Swiss ball as unstable
platforms. Thirty-seven athletes from a variety of disciplines
were divided into a control group (n = 17) and an experimen-
tal group (n = 20). Both performed a warm-up, and in addi-
tion, the experimental group carried out a proprioceptive
exercise session after the warm-up. Proprioceptive exercise
session consisted of six 25-minute exercise sessions with the
BOSU ball and the Swiss ball as unstable platforms. Bipedal
stabilometry was assessed before the training session (Mo),
immediately after training (M4), 30 minutes later (M), 1 hour
after training (Mg), 6 hours after training (M), and 24 hours
after training (Ms). Analysis of variance (o = 0.05) revealed
significant differences immediately after training (M) in speed
(p=0.022) and length covered by the center of pressure (p =
0.021) in the experimental group. These differences were
even more acute 6 hours later (M4; p = 0.021). In fact, the
same group exhibited significant differences in mediolateral
position after 30 minutes (M,; p = 0.001) compared with the
baseline measure and the control group. Apart from these, no
other significant differences were found. A proprioceptive
exercise session using a BOSU ball and a Swiss ball as
unstable platforms induced short-term negative effects on
the stabilometry of athletes. Likewise, an immediate trend to

Address correspondence to Antonio Martinez-Amat, amamat@ujaen.es.
27(8)/2189-2197

Journal of Strength and Conditioning Research
© 2013 National Strength and Conditioning Association

improvement was apparent in the stabilometry of the control
group after the warm-up.

KeEy WORDS Swiss ball,
proprioception, immediate effects

BOSU, postural control,

INTRODUCTION

roprioception refers to the conscious and uncon-

scious perception of postural balance, muscle

sense, and joint stability (15). Proprioceptive train-

ing has the potential of improving sports improves

technique because of the information it provides about the
situation of the body as a whole (4,5,31). Previous studies
showed medium- and long-term improvements through
proprioceptive training with unstable platforms in static bal-
ance (11,25,26), gravity center control (25), effectiveness of
joint movement (16), and strength parameters, such as an
improvement in the onset of isometric action (13) in athletes.
Despite the benefits of proprioceptive training shown by
previous research, there is no unanimous agreement in the
literature regarding the association between proprioceptive
training and sports performance in athletes. Lephart et al. (16)
found improvements in stability and coordination of the knee
after a proprioceptive exercise session, which implied greater
effectiveness of the knee joint movement. This effectiveness was
measured according to gait speed. Stanton et al. (27), however,
found that although better stabilometry and body weight
reduction were induced by a 6-week proprioceptive training
program in athletes, their running technique was not improved.
Likewise, Yaggie and Campbell (30) reported that propriocep-
tive training with unstable platforms improves proprioceptive
inputs, which results in better specific strength and neuromus-
cular adaptation of postural control, but no significant differ-
ences were described in vertical jump. Finally, Gruber and
Gollhofer (13) reported that the onset of isometric action
was improved. Based on these results, their authors suggested
that proprioceptive training might be beneficial for the explo-
sive force of athletes. Despite this suggestion, Cressey et al. (8)
did not observe significant differences in explosive force tasks
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(such as vertical jump). However, stabilometric findings were
reported by Gioftsidou et al. (11), who found that a 12-week
proprioceptive training program improved balance ability in
sports people, and by Romero-Franco et al. (25), whose study
showed improvement of postural stability and gravity center
control after a 6-week proprioceptive training program.

Furthermore, few studies in the literature have assessed the
short-term effects of proprioceptive exercise sessions, and they
have been centered on analyzing the effects of proprioceptive
training right after performance. Concerning this specific
topic, during the last decade, several studies have reported
that muscle activity was increased in electromyography
(EMG) after proprioceptive exercise (2,4,5,17,19,21,22,28).
Accordingly, muscle demand was immediately increased
(18,19). Anderson and Behm (2) found that the activity of
upper lumbar, lumbosacral erector spinae, abdominal
muscles, and soleus muscles was increased while the athletes
squatted in unstable conditions. Similar findings were re-
ported by Vega-Garcia et al. (28), Rodd et al. (24), and Behm
et al. (4,5) who also reported that the maximum isometric
force was reduced by 60% in exercises carried out on a Swiss
ball as unstable platform. Likewise, Marshall and Murphy
(19) reported an increase in the activity of abdominal muscle
during exercises in which the instability was higher by putting
some body parts out of the support base. Based on these re-
sults, it is suggested that right after proprioceptive training,
muscle activity increases to compensate for the instability and
to help keep the center of gravity over the base of support, thus
preventing falls, which is a neuromuscular adaptation to gain
a better postural control (7).

Despite the considerablenumber of studies that have
assessed the short-term effects of proprioceptive training, it
must be noted that all of them were focused on strength
parameters (2,4,5,17,18,19,21,24,28). Thus, stabilometric
data are left out even when these variables are directly
related to medium- and long-term postural control because
of proprioceptive training (11,13,16,25,26). Accordingly,
the limitation of these studies on short-term effects was
the lack of assessment of the stabilometric parameters:
although they suggested that muscle activity was increased
to gain postural balance, they did not analyze this potential
improvement on stability (7).

To our knowledge, no study to date has evaluated the
short-term effects of a proprioceptive exercise session on
stabilometric measures. So far, studies have only looked into
the assessment of medium- and long-term effects in stabilo-
metric parameters (11,15,20,25-27), and the immediate
effects of proprioceptive training are therefore not well
known yet.

After revising previous studies, and considering the
stabilometric improvements caused by proprioceptive train-
ing (11,15,20,25-27) and its immediately subsequent muscle
activation (1,2,4,5,17,18,19,21,22,24,28), we hypothesized that
proprio ceptive training will induce immediate improvements
on the stabilometry of athletes and that such improvements
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will decrease until their normalization after 24 hours (some-
thing to take into account for the planning of further train-
ing). Based on the preceding arguments, the goal of our
research was to determine the short-term effects that a pro-
prioceptive exercise session with a BOSU and a Swiss ball as
unstable platforms would have on the stabilometry of ath-
letes. More precisely, our study evaluated the effects of a pro-
prioceptive exercise session on the bipedal postural stability
of athletes during the first 24 hours after a proprioceptive
exercise session.

MEeTHODS

Experimental Approach to the Problem

The study had a quasi-experimental design with a control
group, and it took 24 hours to complete. Six measurements
were taken to analyze all stabilometric changes induced by a
proprioceptive exercise session. The measurements were M,
(before training), M; (immediately after training), M, (30 minutes
after training), Mz (1 hour after training), My (6 hours after
training), and Ms (24 hours after training). Under randomized
conditions, a group of athletes (experimental group) performed
a 25-minute free warm-up followed by a 25-minute propriocep-
tive exercise session on an unstable platform (Swiss and BOSU
ball). Meanwhile, the control group only performed the 25-min-
ute free warm-up. Tests took place in February 2012, in the
transitional period of the season for all athletes, where their
training mostly consisted in aerobic work and strength exercises
(12). The study was timed on different days because of schedule
restrictions. Training started at 11 AM, and all athletes were
instructed to sleep at least 8 hours the night before. Days and
venues were different for the control and experimental groups to
avoid them finding out which group they belonged to.

Subjects

Thirty-seven athletes from all athletic disciplines of the
UNICAJA JAEN athletic club (Spain) voluntarily took part
in the study. Athletes were between 17 and 33 years of age,
and they were excluded if they had ever performed any
proprioceptive training before or if they had any injuries at the
time of data collection. Athletes were divided into 2 groups by
simple random probability sampling: the “control group” com-
posed of 17 athletes who performed a 25-minute free warm-up
and the “experimental group” composed of 20 athletes who
carried out a 25-minute proprioceptive exercise session in
addition to the previous 25-minute free warm-up (Table 1).
Research design was approved by the Ethics Committee of
the University of Jaén, and written informed consent was ob-
tained from each subject before participation according to the
standards of the Declaration of Helsinki (rev. 2008). Parental
consent was given for athletes under the age of 18.

Procedures

Baseline characteristics of the participants (Table 1) were ini-
tially collected by means of self-administered questionnaires in
the presence of well-trained interviewers. A 100 g-130 kg
precision digital weight scale (Tefal, Ecully Cedex, France)
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TaBLE 1. Sociodemographic and antropometric characteristics.*

All (n=37) Control (n=17) Experimental (n = 20)
Variable Mean SD Mean SD Mean SD p
Age (y) 21.22 4.60 2112 4.85 21.30 4.50 0.906
Height (m) 1.74 0.07 1.72 0.07 1.75 0.07 0.246
Weight (kg) 63.68 11.69 61.29 12.87 65.70 10.48 0.259
BMI (kg-m~2) 20.95 2.71 20.46 2.78 21.36 2.65 0.322
Years_training 7.08 4.47 6.29 4.16 7.75 4.71 0.330
Days_training 5.08 0.76 4.88 0.78 5.25 0.72 0.145
Gender
Female 12 32.43% 7 41.18% 5 25.00% 0.925
Male 25 67.57% 10 58.82% 15 75.00%
Mode
Runner 17 4595% 8 47.06% 9 45.00% 0.901
Jumper 17 4595% 8 47.06% 9 45.00%
Launcher 3 8.11% 1 5.88% 2 10.00%
Student
Yes 25 67.57% 14 82.35% 11 55.00% 0.077
No 12 32.43% 3 17.65% 9 45.00%
Studies
Primary 12 3243% 5 29.41% 7 35.00% 0.904
Secondary 9 24.32% 4 23.53% 5 25.00%
University 16 43.24% 8 47.06% 8 40.00%

*Quantitative variables are shown in mean and SD. Categorical variables are shown in
frequencies and percentages. The p values are from Student’s t-test and chi-square tests,
respectively. BMI = body mass index; Years_training = number of experience years in the
sport; Days_training = periodicity of training sessions every weeks.

TaBLE 2. Test-retest reliability of data.*

959% Confidence

Variable Intraclass correlation interval p
Ymean 0.792 0.425 to 0.925 0.002%
Xmean 0.593 —0.124 to 0.853 0.041%
DeltaX 0.772 0.371 t0 0.918 0.003%
DeltaY 0.770 0.366 to 0.917 0.003%
Area 0.495 —0.396 to 0.817 0.092
Length 0.721 0.230 to 0.899 0.007%
Speed 0.720 0.226 to 0.899 0.008%
RMS 0.744 0.294 to 0.908 0.005%
RMSX 0.832 0.537 to 0.939 <0.001§
RMSY 0.527 —0.305 to 0.829 0.072
RMSX2 0.723 0.235 to 0.900 0.007%
RMSY2 0.337 —0.831 to 0.760 0.210

*Interclass correlation coefficients obtained by repeated-measures analysis of variance. Ymean =
mean antero-posterior position; Xmean = mean mediolateral position; DeltaX = mediolateral rate
covered by the center of pressure in mediolateral plane; DeltaY = mediolateral rate covered by the
center of pressure in antero-posterior plane; Area = Area covered by center of pressure; Length =
Length covered by center of pressure; Speed = Speed of center of pressure; RMSY and RMSY2 =
Root mean squared amplitude of the CoP in antero-posterior direction; RMSX and RMSX2 = Root

mean squared amplitude of the CoP in mediolateral direction.

+Differences between groups of the same mean p < 0.05.
iDifferences between groups of the same mean p < 0.01.
§Differences between groups of the same mean p < 0.001.

and a t201-t4 Asimed adult
height scale (Asimed, Valencia,
Spain) were used to obtain
weight and height, respectively.

In addition, before com-
mencement, all athletes were
taught about the correct execu-
tion of tests and training. Then,
all athletes were subject to
a bipedal stabilometry test (IM).
After the test, all athletes
performed a 25-minute free
warm-up. In addition to this,
the experimental group under-
took a 25-minute proprioceptive
exercise session with unstable
platforms. At the end of the
warm-up (control group) and at
the end of the proprioceptive
exercise training (experimental
group), the second bipedal stabil-
ometry (M;) was carried out.
The third stabilometry was car-
ried out 30 minutes after training
(M,), the fourth 1 hour after
training (M), the fifth 6 hours
after training (My), and the sixth
and last 24 hours after training
(Ms). Participants were asked
not to engage in any physical
activity until the end of the study.

Bipedal  Stabilometry. A
Freemed baropodometric plat-
form (Rome, Italy) and Free-
Step v.1.0.3 software (Rome,
Italy) were used to measure
stabilometric parameters. The
platform’s surface is 555 X 420
mm, with an active surface of
400 X 400 mm and 8-mm
thickness. All athletes were
asked to stand on both feet
over the baropodometric plat-
form for 51.2 seconds. This test
measures the center of pressure
(CoP) position in the mediolat-
eral plane (Xmean) and antero-
posterior plane (Ymean). It also
measures the area covered by
the CoP, the speed of move-
ment of the CoP, and the
length covered by the CoP.
Besides, the root mean squared
amplitude of the CoP in
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mediolateral (RMSX) and antero-posterior (RMSY) direc-
tions (in millimeters) were reported. Other measures were
the CoP rate in the antero-posterior direction (DeltaY) and
in the mediolateral direction (DeltaX). The reliability of data
is shown in Table 2.

Proprioceptive Exercise Session. The duration of the training
session was 25 minutes. Six BOSU and Swiss balls and six
3-kg medicinal balls were used for the training. The pro-
prioceptive exercise session used 6 Swiss and BOSU ball
exercises (Figure 1). The correct performance of the exercises
was carefully supervised by a fitness specialist and a sports
physiotherapist, who worked with groups of 6 athletes.

Statistical Analyses

Mean and SD were included in the data description in con-
tinuous variables and frequencies. Nonetheless, percentages
were included in categorical variables.

A Kolmogorov-Smirnov test was used to adjust the normal
distribution of quantitative variables. For the demographic and
morphological variables, a Student’s #test for independent sam-
ples was used in continuous variables and a chi-square test was
used for categorical variables. The general linear model for
repeated measures was used to assess the effect of the interven-
tion groups, with time and intervention group as intra- and
inter-subject variables, respectively (repeated-measures analysis
of variance [ANOVAY)). For the variables that showed significant

EXERCISE 1
Athletes should keep the posttion of the pictere
witha 3bgball

2 repetitions of 30 seconds eoch limd

Rest period: 2 min
EERCISE 3

EXERCISE 2
Athletes should pesform bnee fhexion to 90" from the
postion of the picture, with a 3 kg ball
2 repetitions of 20 times eoch limb
Rext pertod 2 min

b

Athletes should carry out hip flexion-extension

from 35° @tension to 45° fledon from the
Sown postion, with 3 3gball to

2 repetitions of 10 times coch Amb

Rast pariod: 2 min

From the ndicated postion, the partner should
throw a 3 kg ball i order to take the athiete's conter
of pressure out of his/her base support
2 repetitions of 20 times eoch limb
Rest peniod: 2 mn

E4

EXERCISE S

Athletes thould pesform hip aad knee Sexicn to
touch the heels with the Peteus from the
postion of the picture. with a 3kgball

2 repetitions of 20 tmes

Rast period: 2 min
&

EXERCISE &
Fromthe imdicated posttion, with & 3 kg ball #hictes
should move forward the next BOSU by changmgthe
sspport hmb aad postionating the free hmb m %0
hip and knee fleson. The posttion i every BOSU
mug be kept for 3 seconds.

2 regetitions (S BOSY every repetitions)

et pertod 2 man

Figure 1. Proprioceptive training program performed by athletes.
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baseline differences, the basal
measures (pretreatment) were
used as covariate. A Bonferroni
test was used for paired compar-
isons, and significance was deter-
mined at p < 0.05. Data were
analyzed using SPSS for Win-
dows (version 17; SPSS, Inc,
Chicago, IL,, USA) and MedCalc
12.1 (Mariakerke, Belgium).

RESULTS

Length, speed, area covered by
CoP, and RMS are shown in
Table 3. The covariance analy-
sis (adjusted for pretreatment)
for length and speed measures
showed a group effect (p =
0.021 and 0.022, respectively).
More specifically, the experi-
mental group exhibited higher
values of length and speed
compared with the control
group in My (p = 0.045). These
differences were higher in My
(p = 0.009). No significant dif-
ferences were shown between
groups in the rest of length
and speed measures. No signif-
icant intra- and inter-group ef-
fects were found in area and
RMS (p > 0.05).

In Table 4, mean results and
SD of the area covered by the
CoP in the XY plane are shown
(RMSX, RMSX2, RMSY, and
RMSY?2). The repeated-meas-
ures ANOVA analysis showed
no main group effects for any
variables (p = 0260 for the
largest). Although a main time
effect was found in RMSY2



€61¢ | €10z Lsnonv | 8 ¥y3aWNN | 22 INNTOA

TasLe 3. Mean values of length, speed, and area covered by the center of pressure and root mean squared.*

Experimental

Experimental

Control (n=17) (n = 20) Control (n=17) (n=20)
Mean SD Mean  SD p Eta? Mean SD Mean  SD p Eta?
Length (mm)y Area (mm)
Pre 383.33 60.70 326.79 57.76 Group 0.021 0.147 Pre 74.91 49.25 5152 34.40 Group 0.159 0.056
Postomint 352.65 8290 342.31 77.88 Postomin 59.09 4741 69.56 85.21
Postsomin 431.72 182.54 360.11 84.41 Time 0.089 0.223 Postgomin 169.35 286.43 61.14 53.71 Time 0.094 0.252
Post H 350.10 38.56 375.30 98.52 Post 1y 143.68 139.38 95.67 107.89

Postsn8 348.02 82.64 372.31 102.77 Group X time 0.669 0.071 Postgy 102.78 75.28
Postosn 348.12 88.03 360.51 98.61 Postosn 7411 67.84

Speed (mm)T RMS (mm)f
Pre 89.47 1420 76.25 12.98 Group 0.022 0.144 Pre 0.40 0.06
Postomint 8244 19.23 80.54 18.17 Postomin 0.38 0.09
Postzomin 100.46 39.79 85.40 20.84 Ttime 0.106 0.212 Postzomin 0.57 0.49
Postqy 81.54 790 87.78 21.93 Posty 0.38 0.05
Postgni 78.06 19.48 83.93 23.08 Group X time 0.669 0.066 Postgy 0.37 0.08
Postosn 80.96 2142 83.15 22.41 Postoan 0.39 0.08

87.93 70.77 Group X time 0.230 0.191
101.99 112.11

0.35 0.06 Group 0.216 0.045
0.38 0.07
0.38 0.08 Time 0.475 0.104
0.41 0.12

0.71 1.36 Group X time 0.500 0.100
0.39 0.09

*Length = Length covered by center of pressure; Area = Area covered by center of pressure; Speed = Speed of center of pressure; RMS = Root mean squared; Eta? = Eta square,
a measure of the magnitude of the treatment effect; Pre = measures before the training session; Postowu;, = measures just after the training session; Postzomin = measures 30 minutes
after the training session; Post;y = measures after 1 hour after the training session; Postey = measures 6 hours after the training session; Posty4y = measures 24 hours after the

training session.
+Repeated-measured analysis of variance test adjusted for baseline measurement (pretreatment).
iDifferences between groups of the same mean p < 0.05.
§Differences between groups of the same mean p < 0.001.
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TaBLE 4. Root mean squared in antero-posterior and mediolateral planes.*

Control Experimental Control Experimental
(n=17) (n=20) (n=17) (n=20)
Mean SD  Mean SD p Eta? Mean SD  Mean SD p Eta?
RMSX (mm) RMSX2 (mm)
Pre 0.30 0.06 0.37 0.46 Group 0.942 0.000 Pre 166 080 1.60 054 Group 0.589 0.080
POStOMin 0.29 0.07 0.30 0.06 POStOMin 1.62 1.05 1.61 0.79
Postzomin 045 046 032 0.14 Time 0.658 0.096 Postsomin 281 354 153 0.63 Time 0.558 0.114
Postyy 028 004 032 0.12 Postyy 139 0.83 1.89 1.07
Postgn 0.29 0.06 0.30 0.07 Group X time 0.546 0.117 Postgy 1.84 084 1.74 0.78 Group X time 0.151 0.221
Postoan 028 005 030 0.08 Postoan 136 0.70 1.73  0.87
RMSY (mm)+ RMSY2 (mm)
Pre 0.27 0.04 0.22 0.04 Group 0.368 0.024 Pre 2.01 0.85 1.64 0.81 Group 0.260 0.036
Postomin{ 0.24 0.05 0.24 0.04 Postoming 1.79 085 1.95 1.11
Postsomin  0.34 0.19 025 0.04 Time 0.082 0.228  Postsgomn 259 1.23 1.80 1.12 Time 0.047 0.293
Posty 0.26 0.03 0.26 0.06 Postin 3.01 144 236 1.95
Postent 0.27 0.04 0.27 0.07 Group X time 0.529 0.094 Posten§ 259 0.76 2.29 1.11  Group X time 0.126 0.233
Postosn 0.26 0.07 0.25 0.06 Postoan 223 114 241 1.57

*RMSY and RMSY2 = Root mean squared amplitude of the CoP in antero-posterior direction; RMSX and RMSX2 = Root mean squared amplitude of the CoP in mediolateral
direction; Eta? = Eta square, a measure of the magnitude of the treatment effect; Pre = measures before the training session; Postoumi, = measures just after the training session;
Postsomin = measures 30 minutes after the training session; Post;y = measures after 1 hour after the training session; Postgy = measures 6 hours after the training session; Postosy =

measures 24 hours after the training session; CoP = center of pressure.

tRepeated-measured analysis of variance test adjusted for baseline measurement (pretreatment).
iDifferences between groups of the same mean p < 0.05.
§Differences between groups of the same mean p < 0.001.
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TaBLE 5. Mean values of mean mediolateral position and antero-posterior position and mean values of mediolateral rate covered by the center of pressure in

mediolateral and antero-posterior plane.*

Control Experimental Control Experimental
(n=17) (n=20) (n=17) (n = 20)
Mean SD  Mean SD p Eta? Mean SD Mean SD p Eta?
Xmean (mm) DeltaX (mm)
Pre 2.77 2.75 4.84 3.70 Group 0.001 0.273 Pre 8.12 3.67 8.10 2.35 Group 0.438 0.017
Postown  4.061 3.16 387 284 Postovin  9.87 5.88 947 4.17
Postgomini  2.46 1.89 5.95§ 3.10 Time 0.181 0.258 Postzomin  17.87 23.16 7.61 285 Time 0.089 0.255
Posty || 413§ 199 6.03§ 2.20 Post; 4 7.00 407 10.70 8.20
Postgy 3.18 231 414 3.562 Group X time 0.016 0.350 Postgy 8.64 3.03 9.08 4.17 Group X time 0.085 0.258
Postoan 378 209 497 354 Postaan 747 414 913 317
Ymean (mm) DeltaY (mm)
Pre 27.34 12.32 31.80 10.28 Group 0.509 0.013 Pre 9.61 3.66 8.60 4.50 Group 0.307 0.030
Postowmin 29.07 10.26 32.97 11.05 Postomin 8.26 3.85 9.07 4.33
Postsomin  30.18  10.19 3253 10.85 Time 0.010 0.374  Postsom, 14.97f 10.79 858 534 Time 0.006 0.293
Posty 25.96 3.67 29.73 11.67 Posty 12.37 6.19 10.66 6.76
Posteny 27.47 11.08 23.85 10.01 Group X time 0.156 0.218 Postgy 11.43 356 10.97 4.72 Group X time 0.039 0.303
Postosh 28.41 8.65 28.34 12.41 Postosn 9.32 3.81 10.79 5.24

*Xmean = mean mediolateral position; Ymean = mean antero-posterior position; DeltaX = mediolateral rate covered by the center of pressure in mediolateral plane; DeltaY =
mediolateral rate covered by the center of pressure in antero-posterior plane; Eta? = Eta square, a measure of the magnitude of the treatment effect; Pre = measures before the training
session; Postoyi, = measures just after the training session; Postzomin = measures 30 minutes after the training session; Post;y = measures after 1 hour after the training session;
Posteyy = measures 6 hours after the training session; Postys = measures 24 hours after the training session.

iDifferences respect to pretreatment measure in the same group p < 0.05.

{Differences between groups of the same mean p < 0.001.

§Differences respect to pretreatment measure in the same group p < 0.01.

|| Differences between groups of the same mean p < 0.05.
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Short-term Effects of Proprioceptive Training

(p = 0.047), the effect of interest to our investigation (group
X time interaction) was not found in the variables related to
the area covered by the CoP (RMSX, RMSX2, RMSY, and
RMSY2, with P= 0.151 for the largest).

Finally, Table 5 shows the mean values of the CoP mean
position in the mediolateral (Xmean) and the antero-posterior
plane (Ymean), and the mean values of CoP rate in the medio-
lateral plane (DeltaX) and the antero-posterior plane (DeltaY).
The repeated-measures ANOVA test (2 groups X 6 times)
showed a main group effect and a group X time interaction
in Xmean (p = 0.001 and 0.016, respectively). More specifi-
cally, the experimental group obtained significantly higher
values than the control group in M, and M3 (p < 0.001 and
0.010, respectively). The Xmean results were significantly
higher in M, and Mj (» < 0.001) compared with M, in the
experimental group. Similar results were observed in the con-
trol group. The DeltaY variable showed a main time effect (p
= 0.006) and a group X time interaction (» = 0.039). In the
measurement taken 30 minutes after training (M), the exper-
imental group remained at the mean value but the control
group showed a significant increase (p = 0.025). No main
effect and interaction were found in Ymean and DeltaX.

Di1scussION

The present study was designed to evaluate the effects of a 25-
minute proprioceptive exercise session on the stabilometry of
athletes. The results observed pointed out the presence of
negative short-term effects on the stabilometry of athletes,
which could be because of the potential acute fatigue caused
by the demands of the proprioceptive exercise session. It must
be taken into account that it lasted 25 minutes and that it
implied a more demanding training session for the experi-
mental group, and possibly with longer-lasting effects.
Whereas some previous studies found, right after propriocep-
tive exercise session, an increase in the activity of agonist-
antagonist muscles in EMG (1,2,17,18,19), which is prone to
result in more stability as proved by Marshall and Murphy
(18), in the present survey, the acute fatigue could have
masked any positive stabilometric results.

According to our results, length and speed were significantly
increased immediately after the proprioceptive program (Mj).
This data could be translated as a less stable CoP. The imme-
diate increase shown in length and speed was accentuated 6
hours later (My). Our data support Drinkwater et al. (9) who,
apart from identifying the increase in the activity of antagonist
muscles, reported short-term deterioration in sports condition-
ing parameters as a consequence of proprioceptive training.

Nevertheless, the lack of complete recovery might explain
the negative results reported in the present study and in the
sports parameters indicated by Drinkwater et al. (9). The
fatigue induced by proprioceptive exercises could amount to
an overload of proprioceptive inputs for the central nervous
system of the athlete, thus preventing any positive benefit.
Accordingly, in medium- and long-term conditions, where
acute fatigue is not present, previous studies found an improve-
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ment in stabilometry and in sports parameters as a consequence
of proprioceptive training (26,27). Stanton et al. (27) found
that proprioceptive training improved core stability in sports-
men. Besides, Mattacola et al. (20), Stanton et al. (27), and
Romero-Franco et al. (25) also found improvements on stabi-
lometric parameters after 6 weeks of proprioceptive training.

The acute fatigue and the lack of recovery could also explain
the deterioration in the mediolateral CoP position shown by
our study. This parameter increased 30 minutes (M,) and an
hour (M) after the proprioceptive exercise session compared
with the control group and with the baseline measurement.
This increase could be interpreted as a more unstable medial-
lateral position, which is deviated from the center in the medial-
lateral plane. For this same variable, Romero-Franco et al. (25)
and Bie¢ and Kuczyniski (6) found a medium-term improve-
ment after 6 weeks of proprioceptive training, with recovery
having been completed at the moment of data collection.

Also, although any improvement of the CoP position might
be because of the short-term design of the present study, the
data suggest differences between the mediolateral and the
antero-posterior plane, as seen in Romero-Franco et al. (25) and
Bie¢ and Kuczyiski (6). They found medium-term improve-
ments only in the mediolateral plane after 6 weeks of proprio-
ceptive training, suggesting a priority in the improvement of this
plane. These findings could be explained by the deterioration
that the mediolateral plane suffers according to our results and
a possible evolution of these parameters through time. Like-
wise, we did not observe any short-term effects in the antero-
posterior plane as described by Romero-Franco et al. (25) and
Bie¢ and Kuczyiiski (6), who did not observe any improvement
in this plane after 6 weeks of proprioceptive training. Contrary
to our results, Hoffman and Payne (14) found improvements on
postural sway in both the mediolateral and the anterior-poste-
rior directions after 10 weeks of proprioceptive training. This
could mean that an overall improvement takes longer to occur.

On the other hand, the control group exhibited a trend
toward improvement in several stabilometric parameters at
M;. These data confirm the findings reported by Xu et al.
(29), Bartlett and Warren (3), or Friemert et al. (10), who
suggested that a warm-up before sports practice significantly
improves proprioception and proprioceptive system perfor-
mance in a general way. Besides, this improving trend was
not found in later measures, supporting evidences from
Miller (cited by Rabadan (23)) who no noted that the delay
between warm-up and competition should be no longer than
5 minutes because of the considerable decrease of the warm-
up effects in sports performance after this time.

In conclusion, contrary to our initial hypothesis, the findings
of the present study suggest that a 25-minute proprioceptive
exercise session can deteriorate static posturography in athletes.
These findings were observed immediately after training and
later became more acute in most of the affected variables. In
fact, the mean position in the medial-lateral plane also suffered
negative changes and resulted in a more deviated mediolateral
position. These negative effects could be explained as
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a consequence of the acute fatigue induced by the potentially
demanding proprioceptive exercise session. On the other
hand, the control group showed a general trend to improve
the static posturography as a consequence of the warm-up
they performed.

PRACTICAL APPLICATIONS

This study shows that a 25-minute proprioceptive exercise
session has negative short-term effects on the bipedal postural
stability of athletes. Our results also indicate the presence of
a general improvement trend in the control group after
a warm-up. According to our results, coaches, personal
trainers, and physical therapists should take into account
that, immediately after proprioceptive exercises, acute fatigue
makes the athlete less stable, which is an important piece of
information to plan subsequent training sessions. They should
also give extra importance to the initial warm-up. Despite the
negative short-term effects of a proprioceptive exercise
session, this training is still recommended to be included in
the training routine because of the positive medium- and
long-term effects reported in previous studies conditions of no
fatigue. Proprioceptive training may allow the athletes to gain
better static and dynamic postural control. A better stabilom-
etry can have important applications, not only to prevent
injuries such as ankle sprains or knee injuries but also to
improve sports conditioning parameters.
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Abstract. [Purpose] To analyze the short-term effects of a proprioceptive session on the monopodal stabilometry
of athletes. [Subjects] Thirty-seven athletes were divided into a control group (n=17) and an experimental group
(n=20). [Methods] Both groups performed a conventional warm-up, after which a 25-minute proprioceptive session
on ustable platforms was carried out only by the experimental group. Before the training session, all athletes carried
out a single-leg stabilometry test which was repeated just after training, 30 minutes, 1 hour, 6 hours and 24 hours
later. [Results] Analysis of covariance (¢=0.05) revealed that the experimental group had lower values than the
control group in length and velocity of center of pressure (CoP) of left-monopodal stance and in velocity of CoP of
right-monopodal stance in post-training measurements. Also, the experimental group had values closer to zero for
the CoP position in the mediolateral and anteroposterior directions of left-monopodal stance (Xmeanl and Ymeanl)
and the anteroposterior direction in on right-monopodal stance (Ymeanr) in post-training measurements. Within-
group analysis of Xmeanl and Ymeanl, length and velocity of CoP in right-monopodal stance showed continuous
fluctuations of values between sequential measurements in the control group. [Conclusion] Proprioceptive training
on unstable platfoms after a warm-up stabilizes the position of CoP in the anteroposterior and mediolateral direc-

tions and decreases CoP movements in short-term monopodal stability of athletes.

Key words: Proprioception, Athletes, Stabilometry
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INTRODUCTION

Monopodal postural stance and proprioception are very
important parameters in the functionality of the lower limbs
of athletesV. In sports, fatigue and stress along with injuries,
contribute to the deterioration of the proprioceptive sense.
All these aspects put athletes at risk of possible relapses
or new injuries?> ¥, Training on unstable platforms has be-
come a common tool in several sports to reduce injury risks
of athletes, and to help them improve their proprioceptive
sense).

Proprioceptive training on unstable platforms has been
shown to result in large and medium-to-long term improve-
ment when practiced for several consecutive weeks. Its ben-
efits appear mainly in stabilometric parameters® . Several
authors have stated that an improvement in postural stabil-
ity provides athletes with a much more stable basic stance,
from which they can perform movements in a stronger and
more precise fashion!?). Romero-Franco et al. showed there
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were significant improvements in postural stability as well
as in the control of the center of gravity after a six-week
proprioceptive training program?. Similarly, Stanton et
al. and Mattacola and Lloyd observed an improvement in
static balance and dynamic balance variables, respectively,
after proprioceptive training® 7). Others surveys have tested
the monopodal stability of athletes due to the fact that it is
a more specific analysis, and therefore more fitting to the
needs of their particular sport of choice. The research car-
ried out by Paterno et al. is a good example of this. They
observed that a six-week proprioceptive training program
improved not only general monopodal postural stance but
also the values of center of pressure position in the antero-
posterior direction, which reduced the number of ACL (an-
terior cruciate ligament) injuries in the long termV.

Until now, proprioceptive training studies have mainly
dealt with medium- and long-term effects, while short-term
effects have received little attention. Some authors have an-
alyzed muscle activation using EMG under conditions of in-
stability, and have reported sizeable immediate increases in
muscle activities!'™'¥. It is believed that this increase aims
to stabilize and maintain the gravity center, thus avoiding
a potential fall* 1), However, a consequence of this muscle
activity increase compensating for the instability condition,
is that athletes experience a great diminution of force out-
put.
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Table 1. Sociodemographic and anthropometric characteristics

All n=37  Control n=17 P o
mental

Age (y) 212 +4.6 211 +4.9 213 45
Height (cm) 1739  £6.9 1724 +69 1751 +6.9
Weight (kg) 637 117 613  +129 657 £10.5
BMI (kg/m?) 209 27 205 2.8 214 £27

Woman 12 32.40% 7 41.20% 5 25.00%
Gender

Man 25 67.60% 10 58.80% 15 75.00%

Yes 25 67.60% 14 82.40% 11 55.00%
Student

No 12 32.40% 3 17.60% 9 45.00%

Quantitative variables are shown as mean and SD. Categorical variables are shown as

frequencies and percentages. BMI, Body Mass Index.

In spite of evidence about the improvement provided by
proprioceptive training, studies to date have not investigat-
ed on the short-term stabilometric effects that come from
proprioceptive training. The study of Romero-Franco et
al. is the only study, to our knowledge, that has analyzed
the short-term stabilometric effects of training on unstable
platforms. In that study, measurements were taken inme-
diately after proprioceptive training, and the results which
showed worse bipodal postural stability of the athletes. This
decrease may have been a consequence of fatigue, accord-
ing to the authors'®).

With so little scientific evidence it is difficult to know the
immediate results of proprioceptive training. This would
be of great importance for determining when, during the
training process, such exercises should take place. The pur-
pose of this study was to analyze the short-term effects of
a proprioceptive training session on an unstable platform
on the monopodal stabilometry of athletes. Based on pre-
vious reports of a great increase in muscle activity with
a consequent loss of force under unstable conditions, and
immediate adverse effects on bipodal stability, of proprio-
ceptive training, we authors hypothesized that propriocep-
tive training would negatively affect athletes’ monopodal
stabilometry.

SUBJECTS AND METHODS

A 24-hour quasi-experimental study was carried out in
March 2012 with 6 repeated measurements of the monopo-
dal stance:

Pre (pre-training), Postyyy, (right after training), Post-
somin (30 minutes after training), Post;y; (1 hour after train-
ing), Postgy (6 hours after training) y Post, 4y (24 hours after
training).

Subjects

We selected thirty-seven athletes who volunteered for
this experiment (Table 1) and randomly divided them into
two groups: the Control Group (CG) comprised 17 athletes
who carried out a 25-minute conventional warm up, and the
Experimental Group (EG), comprised 20 athletes who car-
ried out the same warm up and then performed a 25-minute
proprioceptive training session on unstable platforms (Fig

EXERCISE A
Keep the position shown in the picture while
holding a 3 kg ball
7 repetition of 30 seconds each limb
Rest period: 2 min.

EXERCISE B
Knee flexion to 90° from the position shown in
the picture while holding a 3 kg ball
7 repetition of 10 times each limb
Rest period: 2 min.

EXERCISE C

Hip flexion-extension from 45° extension to 45°

flexion from the shown position, whilw holding
a 3kg ball

1 repetition of 10 times each iimb

Rest period: 2 min.

EXERCISE D

From the indicated position, the partner
throws a 3 kg ball in order to knock the
athlete's center of pressure out of hisfher base
of suppart.

7 repetition of 10 times each limb

Rest period: 2 min.

f 2

EXERCISE F
From the indicated position, holding a 3 kg
bal, move foward to the next BOSU by
changing the support limh and positioning the
free limb in 90° hip and knee flexion. The
position in every BOSU must be kept for 3
seconds.
2 repetitions (5 BOSU every repelitions)
Rest period: 2 min,

EXERCISE E

Hip and knee flexion to touch the heels with
the gluteus from the position of the picture,
while holding a 3 kg ball
2 repetitions of 10 times
Rest period: 2 min.

2000

Fig. 1. Proprioceptive training session which the experimental
group carried out (Designed and conducted by authors).

1). We excluded subjects who usually performed proprio-
ceptive exercises, in addition to those who were injured at
the time of the study. Before the start, we briefed all the ath-
letes about the test and about the nature of proprioceptive
training. In addition, we obtained written informed consent
from each subject or their legal guardians in the case of un-
derage athletes, according to the standards of the Declara-
tion of Helsinki!”). The ethical committee of the University



of Jaén approved the study.

Methods

We used Five BOSU® Balance Trainers, five Swiss balls
and five 3 kg medicine balls for the proprioceptive train-
ing session. We determined the correct diameter of the
Swiss ball by measuring the height of each athlete: when
athletes were sitting on the ball, their knees and hips had to
be flexed at 90°'®. A FreeMed® BASE model baropodomet-
ric platform was used for the stabilometric measurements
(Rome, Italy). The platform’s surface is 555 x 420 mm,
with an active surface of 400 x 400 mm and 8 mm thick-
ness, (Sensormédica® Sevilla, Spain). The reliability of this
baropodometric platform has been shown in previous stud-
ies'®). Calculations of center-of-pressure (CoP) movements
were performed with the FreeStep® Standard 3.0 (Italy)
software. We collected baseline features of the athletes
with a 100 g-300 kg precision digital weight scale (Tefal)
and a t201-t4 Asimed adult height scale to obtain weight and
height respectively (Table 1).

To carry out the monopodal stabilometric measurement,
we asked the athletes to stand for fifteen seconds on each
lower limb, starting with the left one, in the middle of the
platform. The athletes stood without shoes with both arms
at the sides of the body and the non-support leg in 90° of
knee flexion. Also, we asked athletes not to engage in any
physical activity for the duration of the study.

The stabilometry test measured the following parameters
of both the left- and right-leg stances: the center of pressure
(CoP) position in the mediolateral (Xmean) and anteropos-
terior directions (Ymean), in addition to the length (Length)
and the area (Area) covered by the CoP and the velocity
(Velocity) of CoP movement. These variables are suffixed
with “I” or “r” to indicate whether they belong to the left or
right leg, respectively.

First, all athletes completed the pre-training stabilometry
test. After those measurements, a 25-minute conventional
warm-up was carried out by all athletes. The warm-up con-
sisted of 10 minutes of slow running, 5 minutes of dynamic
stretching and 10 minutes of specific running exercises. Af-
ter the warm-up, the experimental group also performed the
25-minute proprioceptive training session (Fig. 1).

The 25-minute proprioceptive training session consisted
of 6 Swiss ball and BOSU exercises and the correct per-
formance of the exercises was carefully supervised by a
fitness specialist and a sports physiotherapist, who worked
with groups of 10 to 12 athletes. The effects of this type of
training are based on disturbances caused under unstable
conditions, which force the center of pressure out of the
support base. To avoid a potential fall, stabilizing muscu-
lature is activated to make postural adjustments and main-
tain the center of pressure within the support base!”. These
postural adjustments and neural adaptations are the main
responsible of benefits of proprioceptive training appearing
in stabilometric parameters®?).

Just after the warm-up, in the case of the control group,
and immediately after the proprioceptive session in the case
of the experimental group, the Postg;, measurements were
taken. Postsgyg;, measurements were taken 30 minutes later

and Post;;; measurements were taken one hour after the
proprioceptive session. Posts; was measured after 6 hours,
and Post,,y, at 24 hours after the proprioceptive training
session.

Descriptive statistics include averages and standard de-
viations for the continuous variables, and the frequencies
and percentages of the categorical variables (Table 1). The
Kolmogorov-Smirnov test was used to test the normal dis-
tribution of quantitative variables. Regarding the demo-
graphic and morphological variables, Student’s t test was
used for independent samples in the case of the continuous
variables and the ¥ test for the categorical variables. The
general linear repeated measures model was employed for
all variables, with time and intervention group as within-
and between-subjects variables, respectively (repeated
measures ANOVA). A covariance analysis was performed
on variables showing differences from baseline, with the
initial measurement as covariate (ANCOVA). The level of
statistical significance used was p <0.05. Data analysis was
performed by means of the SPSS statistical data analysis
package for Windows (v.19; Chicago).

RESULTS

Table 1 shows socio-demographic and morphological
variables related to the sample as well as the differences be-
tween the experimental and control groups. No significant
difference was noted (p>0.05).

The mean CoP position in the mediolateral (Xmeanl and
Xmeanr) and the anteroposterior (Ymeanl and Ymeanr)
directions of both monopodal supports are shown in Table
2. Xmeanl showed a statistically significant group*time in-
teraction (p=0.002). Within-group analysis showed that the
control group experienced a significant decrease at Postsgyin
from 0.66+2.69 at baseline to —1.81£3.28 mm (p=0.024),
another significant decrease at Post;;; from 1.81+£3.28 to
—8.66+13.28 mm (p=0.042), an increase at Postgy from
—8.66+13.28 to 1.68+2.93 mm (p=0.008) and a decrease at
Postyyy from 1.68+2.93 to —1.27+£3.47 mm (p=0.013). Mean-
while, the experimental group showed similar values for all
measurements with no significant differences (p>0.05).
Also, between-group analysis showed significant differ-
ences at Post,;;, when the control group had values further
from zero than the experimental group (—8.66+13.28 vs
0.4042.67 mm, p=0.005).

Ymeanl showed a main time effect (p=0.042) and a sta-
tistically significant group*time interaction (p=0.043). In
within-group analysis, the control group showed an increase
at Postsgyi, from —11.834£7.07 at baseline to —4.97+7.61 mm
(p=0.005), and another increase at Post, 4y from —11.26+8.91
to —=7.11£5.41 mm (p=0.015), while the experimental group
showed similar values for all measurements with no sig-
nificant differences (p>0.05). Furthermore, between-group
analysis showed significant differences at Postgy;, and
Postgy, when the experimental group had values nearer to
zero that the control group (—11.83+7.07 vs —0.73+£10.84 mm,
p=0.009 and —11.26+8.91 vs —3.22+5.10 mm, p=0.036, re-
spectively).

Ymeanr showed a main time effect (p=0.003) and a non-
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Table 2. Mean values of variables of center of pressure position in mediolateral (Xmean) and anteroposterior (Ymean)

directions
Control Experimental Control Experimental
n=17 n=20 n=17 n=20

Xmeanl Mean SD Mean SD Xmeanr Mean SD Mean SD
(mm) (mm)
Pre —6.44 18.55 1.46 3.95 Pre -1.35 3.48 -1.19 3.16
Postomin 0.66 2.69 -4.09 16.01 Postonin 0.67 20.48 -2.78 9.02
Postsomin +-1.81 3.28 -1.26 3 Postsomin —0.98 3.88 -0.73 547
Post;i** +-8.66 13.28 0.4 2.67 Post;y 1.14 5.14 1.06 3.29
Postgyy ++1.68 2.93 1.29 345 Postgyy -1.37 5.09 —2.04 3.47
Postyuy +-1.27 347 -0.29 3.05 Postyuy -0.84 3.12 —1.48 372
Ymeanl Mean SD Mean SD Ymeanr Mean SD Mean SD
(mm){ (mm)f
Pre —6.44 18.55 1.61 3.89 Pre -10.6 7.87 -1.57 9.97
POSt;* —11.83 7.07 -0.73 10.84 Postouin 0.67 20.48 —2.78 9.02
0OMin
Postygpin  ++—4.97 7.61 —0.31 9.82 Postsomin -8.01 9.46 -1.39 11.47
Post;y 1.03 16.27 -1.72 8.48 Post;y 4.24 20.82 1.07 18.66
Postg* -11.26 8.91 -3.22 5.1 Postgy™* -11.72 7.57 -391 10.73
Postyyy +-7.11 5.41 -0.13 8.13 Post, 4 * —7.47 7.69 -1.15 9.27

Xmeanl= mediolateral mean position of center of pressure in left —side monopodal support. Ymeanl=anteroposterior
mean position of center of pressure in left-side monopodal support. Xmeanr= mediolateral mean position of center of
pressure in right-side monopodal support. Ymeanr=anteroposterior mean position of center of pressure in right-side
monopodal support. Pre = measures before training session. Postgy;, = measures just after the training session. Post-
30min = Measures 30 minutes after the training session. Post;;; = measures after 1 hour after the training session. Postgy
= measures 6 hours after the training session. Post,,y = measures 24 hours after the training session-t=pre measure-
ment as covariable; + (p<0.05), ++ (p<0.01)=denotes within-group differences with significant decrease or increase
from the previous measurement; * (p<0.05), **p<0.01=denotes between-group differences in the same measurement.

significant group*time interaction, (p=0.052). Between-
group analysis showed statistically significant diferences at
Postg; (p=0.017) when the control group had values fur-
ther from zero than the experimental group (—11.72£7.57 vs
—3.91£10.73 mm). Similar results were observed at Post, 4y,
with values further from zero than the control group
(=7.47£7.69 vs —1.15£9.27 mm, p=0.032). Also, results close
to the level of significance (p=0.066) were found at Postsgysi,
when the control group had values further from zero than
the experimental group (—8.01+£9.46 vs —1.39£11.47 mm).
Within-group analysis did not find any significant result.
The other variables did not show any significant group*time
interactions (p>0.05).

Length and Area covered by CoP (Lengthl and Lengthr,
Areal and Arear) and Velocity of CoP movement (Velocityl
and Velocityr) are shown in Table 3.

Lengthr showed a main time effect (p<0.001) and a
statistically significant group*time interaction (p=0.048).
Within-group analysis showed that the control group ex-
perienced a decrease at Postygy, from 392.53+146.63 to
329.40+49.80 mm (p=0.014) and a new significant de-
crease at Posty,y from 367.80+83.67 to 302.91+70.88 mm
(p<0.001); however, the experimental group showed similar
values for all measurements (p>0.05). In between-group
analysis, significant differences were found at Postgy,
when the experimental group showed lower values than the
control group (392.53+£146.63 mm vs 325.06+£83.44 mm,

p=0.030). Results close to the level of significance were ob-
served at Postgyy (p=0.068).

Velocityr showed a main time effect (p<0.001) and a
statistically significant group*time interaction (p=0.032).
In within-group analysis, the control group showed a de-
crease at Postygy, from 24.51+6.65 mm/sec at baseline
to 19.53+3.70 mm/sec (p=0.001), a significant increase at
Postgy from 19.27+2.63 to 23.334+5.84 mm/sec (p=0.024),
and another decrease at Post,,y from 23.33+5.84 to
19.09+4.62 mm/sec (p<0.001). In between-group analysis,
significant differences were observed at Postgy;,, when the
experimental group showed lower values than the control
group (24.51£6.65 vs 19.96+4.74 mm, p=0.021). Signifi-
cant results were also observed at Postgy (23.33+5.84 vs
20.04+3.77 mm/sec, p=0.046). The main time effects in
Lengthr and Velocityr showed that both groups had signifi-
cantly lower values with respect to Pre at all measurements
except that of Posty;, one. The other variables did not show
any significant group*time interactions (p>0.05).

DISCUSSION

The purpose of the present study was to analyze the
short-term effects of a proprioceptive training session with
unstable platforms on the monopodal stability of athletes.
To this end, athletes were subjected to a monopodal stabi-
lometry test before a 25-minute proprioceptive session and



Table 3. Mean values of variables of CoP movement (Length, Area, Velocity) in both left-side and right-side monopodal

supports
Control Experimental Control Experimental
n=17 n=20 n=17 n=20

xrr;g)thl Mean SD Mean SD %ncirr;g)thr Mean SD Mean SD
Pre 3573 138.86 348.29 106.47 Pre 401.99  140.27 359.53 89.83
Postopin 380.04 91.28 339.24 146.63 Postonin™® 392.53 97.63 325.06 83.44
Postsomin 322.61 63.12 320.47 84.34  Postygin +329.4 49.8 325.48 76.38
Post; 295.08 36.46 305.86 89.96 Post;y 322.33 46.77 318.5 43.01
Postgy 315.3 105.74 353.68 209.02 Postgy 367.8 83.67 322.17 63.75
Postyuy 289.64 72.61 309.41 72.17 Postyay +++302.91 70.88 319.82 82.48
Er;fj)l Mean SD Mean SD z(?nrrerzla)r Mean SD Mean SD
Pre 421.16 357.22 447.08 342.23  Pre 664.84 778.65 467.94 352.93
Postomin 372.62 212.11 468.87 338.88  Postyyin 501.49 311.79 401.14 260.49
Postygumin 496.95 273.64 459.30 326.13 Postsgumin 391.60 144.14 518.99 330.55
Post;y 569.22 333.67 417.35 305.88  Posty 348.67 129.88 394.13 134.59
Postgy 42598 289.62 63177  1042.44  Postsy 375.94 24497 466.36 326.35
Postysy 215.73 117.66 325.53 224.87  Postyy 306.42 160.09 313.48 146.86
Z;ifjsl?; Mean SD Mean SD Zs:jslz; Mean SD Mean SD
Pre 22.47 9.34 22.61 6.67 Pre 25.17 9.55 22.49 5.82
Postomin 23.22 6.19 21.68 9.20 Postopin® 24.51 6.65 19.96 4.74
Postsomin 17.61 4.99 19.74 4.97 Post;onin ++19.53 3.70 19.89 4.88
Post;y 18.98 2.45 19.46 5.51 Post;y 19.27 2.63 19.19 2.09
Postgy 20.54 7.21 22.57 13.51 Postgy™* +23.33 5.84 20.04 3.77
Postyuy 17.56 4.54 18.80 4.52 Postysy +++19.09 4.62 19.82 4.54

Lengthl= Length of Center of Pressure movement in left monopodal support. Areal=Area of Center of Pressure move-
ment in left monopodal support. Velocityl=Velocity of Center of Pressure movement in left monopodal support. Lengthr=
Length of Center of Pressure movement in right monopodal support. Arear=Area of Center of Pressure movement in righ
monopodal support. Velocityr=Velocity of Center of Pressure movement in right monopodal support. Pre = measures
before training session. Postyy;, = measures just after the training session. Post;gyi, = measures 30 minutes after the
training session. Post;;; = measures after 1 hour after the training session. Postsy = measures 6 hours after the training
session. Post,4y = measures 24 hours after the training session; + (p<0.05), ++ (p<0.01), +++(p<0.001) =within-group
differences with significant decrease or increase from the previous measurement; *(p<0.05)=between-group differences.

then 5 times more: right after the training, after 30 minutes,
after 1 hour, after 6 hours and after 24 hours from the end
of the proprioceptive training session.

Important findings were observed in variables refering to
position of CoP in both the mediolateral and anteroposterior
directions of the experimental group (Xmean and Ymean).
The control group experienced several and important fluc-
tuations in the mediplateral and anteroposterior directions
during the 24 hours after the conventional warm-up session
in left-side monopodal support. These fluctuations were not
observed in the experimental group, which showed values
over the whole time. These findings agree with the study of
Romero-Franco et al., in which the control group showed
worse stabilometric parameters with certain fluctuations
in mediolateral stability after a 25-minute warm-up'®. In
contrast, Subasi et al., reported that a shorter warm-up had
positive effects on the balance of healthy young individuals,
without any difference between a 5-minute and a 10-min-
ute warm up”?. Regarding the uniformity of stabilomet-
ric parameters of the experimental group, the only study

to date, to our knowledge, which has analyzed immediate
effects of proprioceptive training on stability did not find
similar results, only a certain deterioration in mediolateral
stability'®).

All differences found between the experimental and
control groups on both the left and right-side monopodal
supports were always in favour of the experimental ath-
letes, who showed values closer to zero than the control
group, and consequently, a more central position of CoP in
the anteroposterior and mediolateral directions of left-side
monopodal support and in the anteroposterior direction of
right-side monopodal support. In spite of these between-
group differences, no clear stabilometric improvement
was shown in the mediolateral and anteroposterior stabil-
ity after the proprioceptive training session. Our findings
partly agree with Romero-Franco et al., who showed that
a proprioceptive training session had no effect on most
stabilometric parameters of athletes'®). They also reported
a certain deterioration in the mediolateral stability in bipo-
dal support after proprioceptive training, which would have
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been distinct from our results, where no changes were ob-
served in the experimental group.

Regarding variables about the path covered by CoP,
significant findings were observed in Length and Velocity
of the right-side monopodal stabilometry. Both the experi-
mental and control groups experienced a stabilometric im-
provement after the training session, and this improvement
was higher in the experimental group after the propriocep-
tive training. Our findings differ from Romero-Franco et al.
who reported deterioration in bipodal stability right after a
proprioceptive training session'®). The difference between
our results and those of Romero-Franco et al. seems to
mean that the effects of proprioceptive training are differ-
ent for the cases of monopodal and bipodal support. This
result could be explained by Ashton-Miller’s suggestion
about the specific improvement proprioceptive training
often induces, which means that only similar exercises are
improved?Y. This would explain the difference between the
result of the present study and those of Romero-Franco et
al., since proprioceptive training in both studies comprised
mainly monopodal exercises. This explanation would also
support the study of Paterno et al., in which athletes showed
improvements in anteroposterior and general stability, but
not in mediolateral stability in monopodal support after six
weeks of proprioceptive training. Paterno et al. suggested
that these results may have been due to the lack of medio-
lateral perturbation during their proprioceptive training
program, which only consisted of anteroposterior perturba-
tionsV.

In the present study significant fluctuations were found
in the stabilometric values of the control group after the
warm-up session, while the experimental group showed
similar values for all measurements after the proprioceptive
training session.

Despite the fact that no clear stabilometric improve-
ment was found during the 24 hours after the propriocep-
tive training session, the uniformity observed in the stabi-
lometric values of the experimental group may mean the
proprioceptive training session had a stabilizing effect on
stabilometry. Thus, taking into account the consensus about
stabilometric deterioration as a risk factor of injuries®> 2%,
a more stable CoP without significant fluctuations would
appear to be extremely important for injury prevention.
However, further investigation is needed to verify this sup-
position.

Also, we suggest that differences found between right
and left-side monopodal support may be explained by the
sense of the curve of the track where all the athletes par-
ticiping in this study trained, which is always to the left,
according to the coaches of all athletes. However, no studies
to date have analysed the effect of this on athletes.

This study had limitations that need to be considered.
First, the size sample was small, which could have affect the
limits of significance. Also, the athletes’ inexperience with
proprioceptive training may have been the main cause why
clear improvements in monopodal stability did not appear.
In futher investigations, we recommend the inclusion of a
group of athletes experienced in proprioceptive training,
in order to analyze its immediate effect and detail the best

schedule for a training routine.

The inclusion of a 25-minute proprioceptive training
session on unstable platfoms after a conventional warm-up
by athletes stabilized the position of CoP in the anteropos-
terior and mediolateral planes in monopodal stability by
decreasing CoP displacement. Contrary to our hypothesis,
after 25-minutes of conventional warm-up, athletes showed
stabilometric alterations. However, the inclusion of an ad-
ditional 25-minute proprioceptive training on unstable plat-
forms helped to regulate monopodal stabilometric param-
eters in the short-term mantaining the monopodal stability
level of athletes.

In practical application, coaches and physiotherapists
should taken into account the “stable stabilometry” gained
immediately after the proprioceptive training which elimi-
nates significant stabilometric fluctuations which could
be a potential risk factor of injuries for athletes. Besides,
the incorporation of proprioceptive exercises as part of the
warm-up would not only result in better stability than a
typical warm-up, but would also elicit medium and long-
term improvements in stability that are essential for injury
prevention.
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ABSTRACT

[Purpose] To analyze the stabilometry of athletes during their indoor season, in
order to find out whether injured athletes show previous different stabilometric values
than non-injured athletes in two different training periods (volume and pre-competition
periods). [Participants] 51 athletes who trained regularly from Unicaja athletic club.
[Methods] At the end of the pre-season and volume periods, athletes were subject to
bipodal and monopodal stabilometries. In addition, all injuries happening in the periods
following each of the stabilometries (volume and pre-competition periods) were
tracked. [Results] Variance analysis of bipodal stabilometric measurements taken at the
end of the pre-season period showed that athletes with higher values in the center-of-
pressure spread variables suffered injuries during the volume period. Results right-leg
monopodal stabilometric measurements taken at the end of the volume period showed
that athletes with higher values in the center-of-pressure position variables suffered
injuries during the pre-competition period. [Conclusion] Athletes showing the worst
values in center-of-pressure spread variables are more prone to sports injuries in the
subsequent training period. In monopodal measurements, athletes with poorer

mediolateral stability were more prone to injuries in subsequent training period.

Key words: Sports injury, Athletes, Postural stability.
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INTRODUCTION

Postural stability is deeply linked with sports injuries, and copious evidence
exists that the first is greatly reduced by the latter. Back in 1965, Freeman first
described stabilometric alterations in patients suffering from ankle sprain, and
correlated lateral instability of the ankle with a lack of postural control". After Freeman,
several authors have analyzed the effects of sports injuries on postural stability of

athletes and concluded that its deterioration may cause re-injuries or even new injuries™

3)

In addition to previous injuries, postural stability may be affected by changes in
the level of activity, as well as by its type, intensity and volume *® which constitute a
risk of injury for athletes”. Some authors have carried out prospective assessments of
athletes in order to determine how stabilometric changes can be a causing factor for
injuries”. McGuine et al. assessed the first two weeks of the season for basketball
players, and correctly described balance as a predictor of injuries, showing that those
with higher postural sway values at the start of the season were the ones most injured in
the long term”. Similar results were found by Wang et al., who established a correlation
between poor mediolateral stability and suffering from ankle injuries later on'®.
Likewise, Trojian and McKeag in 2006, showed the ability of maintaining single-leg
balance of athletes at the beginnin of the preseason as predictor of ankle sprains for the
autum season'”. Also, Soderman et al. correlated all lower extremity injuries with

increases in postural sway in female soccer'?.

From a physiological point of view, Murphy et al., in 2003 affirmed that the

main cause of deteriorated postural stability as risk factor is an alteration in the control
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neuromuscular strategy which increases intersegmental joint forces and consequently,

increases the development of forces about ligaments, tendons and muscles'?).

In spite of findings reported by these authors, postural stability as predictor of
sports injuries is not clear to date. There are also some similar studies which have not
reported results in the same line. Hopper et al. analyzed single-leg stability by assesing
time which female netball athletes could maintain unilateral posture, however they did
not find correlation between postural stability and an increase of injuries'”. Similar

results were reported by Beynnon et al. in socccer, field hockey and lacrosse athletes'”.

Based on the controversy existing in postural stability as injury predictor and the
evidence of effects of training on postural stability, and also considering that to date, no
studies have taken into account the type of training as cause of postural stability
deterioration in their prospective investigations, the aim of the present study is to
analyze the stabilometry of athletes during their training stage in order to find out
whether injured athletes scored differently in stabilometric tests than those who were

injury-free in two different training periods.
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SUBJECTS AND METHODS

Descriptive prospective five-month study (September — January) was divided
into two parts according to the different training periods: first part was compounded by
bipodal and monopodal stabilometry tests at the end of Pre-season (in September,
mainly general exercises) and a record of injuries suffered by the athletes during the
subsequent period of training which was Volume Period (in October and November,
with training based on alternating general and specific high-volume, low-intensity
exercises). The second part was compounded by bipodal and monopodal stabilometry
tests at the end of volume period and a record of injuries suffered by the athletes during
the subsequent period of training which was pre-competition Period (in December and
January, with an majority of specific low-volume, high intensity exercises). In order to
avoid interferences of previous injuries, all athletes injured during volume period were
excluded in the second part. The record of injuries was performed by a physiotherapist

specialized in sports injuries.

A total of 51 track and field athletes who were from 17 to 35 years old, from
athletics club of the city with at least three years of experience took part in the first part
of the present study, after excluding those who did not train regularly or who had been
injured during the pre-season period. In the second part of the study, athletes who had
been injured previously were excluded in order to avoid interferences in the results.
Therefore, 39 athletes who were from 17 to 35 years old, participed in this part of

investigation. Anthropometric and demographic data are shown in Table 1.
Location of table 1.

Before the start of the study, all athletes were briefed on how they would be

tested, and written informed consent was obtained from each subject or from their legal
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tutors in the case of under-age athletes, according to the standards of the Declaration of
Helsinki (2008 revision)'®. The ethical committee of the University of Jaén approved

the study.

Weight and height measurements were performed with a Tefal (France) digital
precision scale (100g-300kg) and an Asimed t201-t4 (Spain) measuring rod,
respectively. For stabilometric measurements, a modular electronic baropodometer was
used, comprising a 120x160 cm Sensormédica® (Spain) platform with 19200 active

sensors. The reliability of this piece of equipment has been proven in other studies'”.

Athletes were subject to a bipodal and a monopodal stabilometric measurement
once at the end of each period. For the bipodal test, athletes were instructed to remain as
still as possible on the baropodometric platform for 52 seconds, with a between-heels
separation of 5 cm and their feet forming a 30° angle. For the monopodal test, athletes
stood on each of their lower limbs for 15 seconds (left leg first) on the center of the
platform (Figure 1). The following parameters were recorded for the bipodal test as well
as for the left-leg and right-leg monopodal tests: length (Length) and area (Area) of the
path described by the center of pressure, the speed for the center of pressure movement
(Speed), and the position of the center of pressure in the mediolateral (Xmean) and
anteroposterior (Ymean) planes. These variables are marked “1” or “r” to indicate
whether they belong to the left or right leg, respectively. Tests were carried out before
training started, in order to avoid any interference. Also, athletes were instructed not to

engage in any sports activity in the day of testing.
Location of Figure 1.

In order to track injuries, athletes were previously instructed and then weekly

interviewed by a sports physical therapist during the volume and pre-competition
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periods, in order to record any musculoeskeletal injury on lower limb they might have
sustained during these periods. Injury was defined as “physical damage that resulted in
missing or modifying one or more training sessions or competitions” (Kolt et al.,

1999)'®.

A description of data was made which included means and standard deviations
for the categorical variables (Table 1). Differences in social and demographic variables
between the injured and non-injured in each period (volume and pre-competition) were
analyzed by means of Student's ¢ test for independent samples in the case of the
continuous variables and a Chi-squared test for the categorical variables. For
comparison between stabilometric variables between groups (injured and non-injured)
Student's t test for independent samples was used. Normality of data was assessed
through a Kolmogorov-Smirnov test. These variables are shown underlined in tables. A
significance level of p<0.05 was determined for all statistical procedures, and SPSS v.

19 software was used.
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RESULTS

Table 1 shows the statistical social and demographic description of the injured
and non-injured subjects during the volume and pre-competition periods. Results show
a similar number of injured athletes in both periods. No differences were apparent in the

social and demographic characteristics of injured and non-injured athletes (p>0.05).

Table 2 shows mean values for the center-of-pressure spread and position
variables in both bipodal and monopodal support at the end of the pre-season period
according to athletes injured and non-injured during volume period. Bipodal
stabilometry tests show that those injured during the volume period had scored
significantly higher in Length and Speed than those who were not injured (p=0.009 and
p=0.003 respectively). Monopodal stabilometry tests did not show any statistically

significant difference (p>0.05).

Location of Table 2.

Table 3 displays the mean values for the center-of pressure spread and position
variables in both bipodal and monopodal support at the end of the volume period
according to athletes injured and non-injured during pre-competition period. Right-leg
monopodal stabilometry showed that injured subjects scored significantly higher in
xmeanr variable (p=0.041). Left-leg monopodal and bipodal stabilometry did not show

any statistically significant difference (p>0.05).

Location of Table 3.
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DISCUSSION

The aim of the present study was to analyze stabilometric values of athletes
through their training in order to determine their value as a predictor for injuries in each
of the training periods. To this end, athletes were subject to a bipodal and monopodal
stabilometry at the end of their pre-season period and a tracking of their injuries in the
subsequent volume period (first part). In addition, a bipodal and monopodal
stabilometry was carried out at the end of volume period and a tracking of their injuries

in the the subsequent pre-competition period (second part).

Results obtained in the stabilometry made at the end of the pre-season period
show that athletes with poorer values in center-of-pressure length and speed in bipodal
support at the end of pre-season were the ones who were injured in the two subsequent
months which compounded the volume period. At the same time that these findings
agree with previous studies in which high variation of postural sway correlated or

predicted posterior sports injuries” '* '?

, our results did not show any significant
difference in monopodal stability as ocurred in most of the previous studies. McGuine
et al., in 2000, observed that basketball players with poorer pre-season unilateral
balance values were seven times more prone to ankle sprains during the season’ and
Soderman et al. reported similar findings for female soccer players, with the ones with
lower scores in unilateral postural balance being more prone to leg-related injurieslz).
Similar results were found in unilateral stability of athletes by Watson et al., who
assessed the monopodal postural sway making soccer players maintain unilateral
balance for 15 seconds and those who were not able to perform it without touching

down were clasified as abnormal postural sway. This group was the most affected by

posterior ankle sprains'”. Also, our findings contrast with the study by Trojian and
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McKeag in 2006, in which they found a positive association between monopodal

support stability and ankle sprains'".

In adittion, results of stabilometric tests carried out in the volume period show
that athletes with worse center-of-pressure values in the mediolateral while on right-leg
monopodal support were more commonly injured during the two subsequent months
which compounded the pre-competition period. In spite of the fact that these results are
found in monopodal stabilometry instead of bipodal support, these findings show the
same trend that the previous values of center-of-pressure spread found during first part
of the present study in which injured athletes had a stability deterioration. Besides, these
results support the research by McGuine et al. and Soderman et al., who reported in
basketball players and soccer players, respectively, poorer previous unilateral
stabilometric center-of-pressure values for subjects who were injured later more
frequently” '?. These results are also in accord with those of Trojian and McKeag who
associated worse monopodal stabilometry with later ankle sprains in athletes'”, in
addition to agreeing with results by Wang et al. in 2006, who also established a
correlation between poorer center-of-pressure mediolateral position and later ankle
injuries'?.

On the other hand, Beynnon et al., 2001 and Hopper et al., in 1995, did not find
data to support the value of postural balance as a predictor of ankle sprainsM’ 1 which
differ from the rest of the studies and the present investigation. The same procedure was
used by Willems et al. in 2005 who, did not find significant differences in postural
stability variables, however these authors discovered that subject with a weaker control

over their center of gravity were more prone to later suffering ankle sprains*”.
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The results of both the stabilometric testing performed in the pre-season period
plus the number of those injured in the volume period, and the testing performed in the
volume period plus the number of those injured during the pre-competition period show
a similar trend. Both sets of data point at athletes with higher values (and therefore
poorer scores) in stabilometric variables being more prone to injuries in the subsequent
periods. However, in the first part the stabilometric variables are shown in bipodal

stability and in the second, findings are found in monopodal stance.

According to the difference between results of both parts of the present study, it
is important to take into account that the injuries occurred during pre-competition
period could have been influenced by other risk factor such as higher intensity of
trainings or explosive actions, which supposed to be actions involving more

damaging®" and charasteristic of this training period.

Also, it is important to indicate that the present investigation supports the only
study to date in which all lower extremity injuries had been correlated with increases in

postural sway. The rest of the investigation refered strictly to ankle-foot injuries.

In adittion, certains limits of our study may have played a part in determining the
lack of more significant differences. The lower number of injuries recorded as
consequence of a small size of the sample, it might conceivably have contributed to this
discrepancy in results. Indeed, the difference in number of athletes participing in both
study's parts could have affected the results due to the small size of the sample. For
future research a bigger sample size is recommended, as well as including other age

groups.

As a conclusion, athletes who show higher center-of-pressure spread on bipodal

stabilometry at the end of pre-season are more prone to injuries during the subsequent
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training period. Also, while on right-leg monopodal support, athletes with a poorer
stability on the mediolateral plane at the end of volume period are more prone to
injuries in subsequent training period. As a practical application, specific proprioceptive
training is recommended to include in the training routine of athletes, in order to

improve stabilometric parameters and decrease and/or delete its role as risk factor.
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Table 2. Mean Values of Stabilometric Variables in Bipodal and Monopodal
Support Taken at the End of the Pre-season Period. Results are Split for Athletes
Injured during the Volume Period.

Total injured in Non-injured

Volume period n=39
n=12
P;;:;?::: Mean SD Mean SD
Length (mm)* 366.5 183.9 340.2 104.0
Area (mm) 36.5 27.1 47.5 49.9
Speed(mm/sec)™ 7.4 3.9 6.7 2.0
Xmean (mm) 3.9 4.7 4.4 32
Ymean (mm) 4.5 4.1 6.0 5.1
Lengthl (mm) 272.0 112.5 267.8 65.5
Areal (mm) 419.1 493.7 408.7 350.8
Speedl (mmy/sec) 24.4 11.4 24.7 6.8
Xmeanl (mm) 4.9 3.6 6.0 13.5
Ymeanl (mm) 6.6 5.14 10.2 8.2
Lengthr (mm) 255.6 119.9 275.5 82.8
Arear (mm) 340.2 282.9 378.2 298.8
Speedr(mm/sec) 23.1 12.0 24.7 7.9
Xmeanr (mm) 34 2.9 3.0 2.8
Ymeanr (mm) 7.0 6.5 8.6 5.2

Length= Length of the path described by the center of pressure. Area=Area of the path
described by the center of pressure. Speed=Speed of the center of pressure.
Xmean=Mean position of the center of pressure in the medial-lateral plane.
Ymean=Mean position of the center of pressure in the anteroposterior plane . First in
bipodal support, then +l=of left foot, and +r =of right foot. Variables underlined were
normalized. *=p<0.05.
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Table 3. Mean Values of Stabilometric Variables in both Bipodal and Monopodal
support at the End of the Volume Period. Results are Split for Athletes Injured
during the Pre-competition Period.

Total Injured in Pre- Non-injured
competition n=33
n=6
Volume Mean SD Mean SD
measures

Length (mm) 310.1 +131.8 307.7 +143.6
Area (mm) 128.5 £103.1 98.8 +109.6
Speed (mm/sec) 6.2 +2.8 13.5 +42.0

Xmean (mm) 4.5 +1.8 5.7 +5.0

Ymean (mm) 8.7 +2.7 12.4 +9.4
Lengthl (mm) 3353 +95.9 3163 +127.4
Areal (mm) 615.0 +512.0 489.6 +506.8
Speedl (mm/sec) 31.1 +9.6 353 +40.2
Xmeanl (mm) 3.5 +2.5 5.8 +12.3
Ymeanl (mm) 10.8 +7.0 16.3 +11.6
Lengthr (mm) 349.0 +89.3 322.7 +132.8
Arear (mm) 631.1 +328.3 608.1 +624.0
Speedr (mm/sec) 31.9 £9.4 36.7 +40.2
Xmeanr (mm)* 15.2 +30.3 43 +3.6
Ymeanr (mm) 12.0 £6.8 15.3 £9.6

Length= Length of the path described by the center of pressure. Area=Area of the path
described by the center of pressure. Speed=Speed of the center of pressure.
Xmean=Mean position of the center of pressure in the medial-lateral plane.
Ymean=Mean position of the center of pressure in the anteroposterior plane . First in
bipodal support. then +l=of left foot, and +r=of right foot. Variables underlined were
normalized. *=p<0.05
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Figure 1. Bipodal, left monopodal and right monopodal stabilometry tests.
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ABSTRACT

Objectives. The purpose of the present study is to analyze the stabilometric
differences in every training period of the indoor-season and evaluate the differences

between sprinters and middle-distance runners.

Equipment and methods. Twenty-eight sprinters and twenty middle-distance
runners took part in this study. All athletes were subject to four bipodal and monopodal
stabilometries during the indoor-season: Pres=Pre-season, Volume=Volume period,

Precomp=Pre-competitive period and Comp=Competitive period.

Results. Analysis of variance (p<0.05) showed main time effects in length and
area of bipodal support, in length of left-side monopodal support and in length, area and
speed of right-side monopodal support. Generally, athletes showed higher values in
Volume than in Pres, in Volume than in Precomp and in Precomp than in Comp.
Furthermore, main group effects were found in the antero-posterior stability of both

monopodal supports, which displayed worse values for middle-distance runners.

Conclusion. Our results suggest that athletes have worse postural stability in
training periods with a higher volume of workload, and then improve in periods with a
low-volume, high intensity workload, without any influence from the athletic variety on
these differences. However, sprinters display better monopodal stabilometry values

regardless of the leg stance measured.

Key words: Athletes, Stability, Training.
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INTRODUCTION

Postural stability is a key element in the successful execution of movements in
sports and also in the prevention of injuries in athletics [1, 2]. It has been shown that
stabilometric parameters can be modified due to changes in physical activity affecting
the type of exercise undertaken and also the intensity and the volume of work [3-5].
These changes are observed in the different training periods in which sports training is
organized to achieve the maximum performance of athletes[6]. The periodization of
sports training produces continuous adaptations in the body which relate to the energy
and neuromuscular system[7, 8] and which were associated with stabilometric changes
because of the close relationship of the neuromuscular system and the proprioceptive

system [8, 9].

Changes induced by the periodization of the training workload on the
proprioceptive system as it affects postural stability have been reported before [3],
although until now there has been little evidence. Paillard et al. (2006) described how
national-level soccer players, who trained more frequently and intensely, had better

stability than those in the regional level.

Stabilometric changes have been more thoroughly researched when they derive
from the differences between sports and are thus related to modifications in the intensity
and volume of work, as well as to the type of exercises carried out in each training

period [10-13].

To the extent of our knowledge, studies to date correlate the sports workload
with the postural stability of athletes according to levels of performance [3] or sports

[10, 11] and none of them carried out a follow-up of every training period in the same
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athletes to test the possible stabilometric changes induced by a changing sports
workload. The first goal of the present study was to analyze the stabilometric
differences in every training period of the indoor-season of sprinters and middle-
distance runners. The second one was to evaluate the differences between sprinters and

middle-distance runners.
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METHODS

A longitudinal quantitative non-experimental design was used for this study. The
duration of study covered the entire indoor-season of athletes, which lasted six months
(September-February). The indoor-season was divided into four training periods. Four
measures of bipodal an monopodal stabilometry were taken at the end of every period:
Pres=Pre-season (September): mainly general-type exercises; Volume=Volume period
(October-November): high-volume training of general and specific exercises of low
intensity; Precomp=Pre-competitive period (December): mainly specific low-volume
and high-intensity exercises; Comp=Competitive period (January-February): specific,

high-intensity, low-volume exercises.

Participants

Forty-eight athletes volunteers (21.46 + 6.31 years, 62.17 = 11.55 kg, 1.74 +
0.08 m, 20.11 + 3.79 kg/m?) took part in this study. Of these, 28 were sprinters (21.07 +
6.85 years, 63.5 + 11.81 kg, 1.75 + 0.08 m, 20.72 + 2.70 kg/m?) and 20 were middle-
distance runners (22 + 5.58 years, 60.30 + 11.22 kg, 1.72 + 0.08 m, 19.26 + 4.91 kg/m?).
No significant differences were shown between both groups in age, weight, height and
BMI (p=0.620, p=0.349, p=350 and p=0.191, respectively). Also, of these athletes 15
were women and 33were men: of sprinters, 10 women and 18 men and of middle-
distance runners, 5 women and 15 men. Besides, all athletes had 7.02 + 4.33 years of
traininng experience, concretely sprinters had 7.29 + 4.59 years of training experience
and middle-distance runners had 6.65 + 4.03 years of training experience. No significant
differences were found in years of training experience of sprinters and middle-distance
runners (p=0.622). All those who did not train regularly were excluded. Before the start

of the study, all athletes were briefed on the nature of testing and written informed
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consent was obtained from each subject or from their legal tutors in the case of under-
age athletes, according to the standards of the Declaration of Helsinki [14]. The present

study has the ethical approval of University of the city.

Procedure and data collection

At the beginning, baseline features of the athletes were collected with a 100 g-
300 kg precision digital weight scale (Tefal) and a t201-t4 Asimed adult height scale,

which were used to obtain weight and height respectively.

All athletes were subject to a bipodal and a monopodal stabilometry for each
training period. The reliability of these test has been proven in previous studies [15, 16].
To carry out bipodal stabilometric measurements, athletes were asked to stand on both
feet over the baropodometric platform for 51.2 seconds. For the monopodal
stabilometric measures, athletes were asked to stand for 10 seconds on each lower limb,
starting with the left one, in the middle of the platform. Measures were always taken

before training to avoid interferences.

The tests measured the following parameters in bipodal and monopodal left- and
right-leg stance: the center of pressure (CoP) position in the medial-lateral (Xmean) and
the antero-posterior plane (Ymean), in addition to the area covered by CoP (Area), the
speed of movement of CoP (Speed) and the length (Length) covered by CoP. These
variables are marked “1” or “r” in the name to indicate if they belong to the left or right

[I%4)

leg, respectively. Variables reflecting bipodal measurements are not marked “I” or “r”.
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Experimental device

A Freemed baropodometric platform and the FreeStep v.1.0.3 software were
used for the stabilometric measurements (Rome, Italy). The platform's surface is

555x420 mm, with an active surface of 400x400 mm and 8 mm thickness [16].

Statistical analysis

To compare the anthropometric and demographic variables between sprinters
and runners, a Student's ¢ test was used for independent samples in the case of the
continuous variables and a Chi-squared test for the categorical variables.
Homoscedasticity and normality of the variables was tested by the Levenne and
Kolmogorov-Smirnov tests, respectively. We used a two-factor (2Group x 4Time)
analysis of variance (ANOVA) with repeated measures to assess the stability of athletes
after every period of training. For each variable, the P-value for group (within-subject),
time (between-subject) and group x time effects was calculated. The Bonferroni test was
used to adjust the results of the multiple comparisons. Statistical significance was
determined at p<0.05. Data were analyzed using the SPSS package for Windows,

version 19 (Chicago).
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RESULTS

Table 1 shows mean values of length, area and speed in bipodal support. A mean
time effect is observed in length (Length) and area (Area) covered by CoP (ps<0.001),
however, no main group effect and group x time interaction were found in any variable
p>0.05). Eta-squared was 0.249 for Length and 0.128 for Area ), and it can therefore be
concluded that main time effect accounted for over 25% of the variation for Length and
13% for Area covered by CoP. More specifically, in Length, higher values were shown
at the end of Pre-season period respect to Pre-competitive period (p=0.001), at the end
of Competitive period respect to Pre-season period (p=0.007), at the end of Pre-
competitive period respect to Volume period (p<0.001) and at the end of Competitive
period respect to Volume period (p=0.005). In Area, higher values appeared at the end
of Volume respect to Pre-season period (p<0.001), at the end of the Pre-competitive
period respect to Pre-season period (p=0.003), at the end of Competitive period respect
to Pre-season (p=0.006) and at the end of Volume period respect to Pre-competitive

period (p=0.035).

Mean values of length, area and speed of left-side monopodal stability are shown
in Table 2. Main time effect was only observed in the length covered by CoP (Lengthl,
p=0.003). Eta-square was 0.096, the main time effect accounting for over 10% of the
variation for the Lengthl. More concretely, higher values of Lengthl were found at the
end of Volume period respect to Pre-season period (p=0.003), at the end of Pre-
competitive period respect to Volume period (p=0.023) and at the end of Pre-
competitive period respect to Pre-season period (p<0.001). No group effect and

groupxtime interaction were shown in Lengthl, Areal and Speedl (p>0.05).
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Stabilometric values of length, area and speed of right-side monopodal support
are shown in Table 4. Main time effect are observed in length (Lengthr) and area
(Arear) covered by CoP and speed (Speedr) of CoP. Eta-squared was 0.105 for Lengthr,
0.090 for Arear and 0.061 for Speedr, and it can be concluded that the main time effect
accounted for over 10% of the variation of Lengthr, 9% of the variation of Arear and
6% of the variation of Speedr. More specifically, in Lengthr, higher values were shown
at the end of Volume period respect to Pre-season period (p=0.001), at the end of
Volume period respect to Competitive period (p=0.003) and at the end of Pre-
competitive period respect to Competitive period (p=0.018). In Arear, higher values
were observed at the end of Volume period respect to Pre-season period (p=0.004), at
the end of Pre-competitive period respect to Pre-season period (p=0.002) and at the end
of Pre-competitive period respect to Competitive period (p=0.043). In Speedr, higher
values were found at the end of Volume period respect to Pre-season period (p=0.053),
at the end of Pre-competitive period respect to Pre-season period (p=0.016) and at the

end of Pre-competitive period respect to Competitive period (p=0.003).

Table 5 shows values for the mean position of CoP in the medial-lateral
(Xmean) and the antero-posterior (Ymean) planes of bipodal and both monopodal
supports. No main group effect, main time effect or group x time interaction were found
in Xmean, Xmeanl and Xmeanr (p>0.05). In Ymean of left-side monopodal support
(Ymeanl) a main group effect was observed, showing middle-distance runners
significantly lower values than sprinters (p=0.005). Eta-squared was 0.159 and the main
group effect accounting for over 16% of the variation of Ymeanl. In Ymeanr, also a
main group effect was observable, middle-distance runners showed significantly lower

values than sprinters (p=0.030). Eta-squared was 0.098, the main group effect
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accounting for over 10% of the variation of Ymeanr. No other main effect or

interaction was found in Ymean, Ymeanl and Ymeanr (p>0.05).
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DISCUSSION

The first aim of the present study was to analyze stabilometric differences in
every training period of the indoor-season of sprinters and middle-distance runners. The
second one was to evaluate the differences between sprinters and middle-distance

runners.

All athletes showed significant stabilometric changes between the training
periods in bipodal and both sides of monopodal supports, without an apparent effect of
the athletic variety in almost any variable. Generally, differences were observed
between the pre-season and the volume periods, indicating better postural stability in
pre-season when general exercises composed the training. Consistent with this result,
Perrin et al. [17] reported that more general training can help develop sensorimotor
adaptations that are transferable to postural stability. Furthermore, stabilometric
deterioration between the pre-season and the volume periods also matches an important
increase in the volume of the workload. This influence of the amount of work
undertaken agrees with the results reported in most of the stabilometric variables
between the volume and the pre-competitive and competitive periods. Thus, postural
stability shows an improvement from the volume to the pre-competitive periods and
mainly from the pre-competitive to the competitive periods, both corresponding to a
considerable decrease in the volume of the workload and an increase in its intensity.
These findings are consistent with those of Paillard and Noe (2006)[11], whose results
showed how national-level soccer players, who trained more frequently and intensively,
had better stabilometric parameters than amateur soccer players. Similar results were

reported by Paillard et al. (2002) [10] in judoka of different levels, such as better
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balance and postural stability. Both studies concluded that the intensity of training

improves postural control.

The changes between training periods are in line with those reported by Thorpe
and Ebersole[18], who concluded that stability could be sensitive to the current training
phase and that body adaptations induced by the intensity and volume of the workload
have an influence on postural stability. In agreement with that, Hyrsomallis[19]
described the correlation between postural stability and the level of training by
analyzing several performance parameters as well as postural stability. In addition,
Angyan et al. [4] reported a positive correlation between stabilometry and reaction time
that appeared only in elite basketball players who carried out high-quality training, and

not in basketball players with lower-quality training.

In contrast with our results, Chapman et al.[20] did not find any correlation
between postural stability and level of training in surfers, just as Noe and Paillard [11]
reported for skiers. These results could be explained by the fact that both sports have
very important balance parameters, which could mask the effects of the intensity and

volume of training.

As an additional finding, middle-distance runners showed worse antero-posterior
stability in both monopodal supports due to the fact that middle-distance showed values
significantly farther from value O than sprinters, which means significantly worse
anteroposterior stability. Plane-related stabilometric differences were previously
reported by Paterno et al., [21] whose research showed that athletes who had better
stability in the antero-posterior plane did not show any differences in the medial-lateral
plane. However, further research is required are needed to clarify this aspect. On the

other hand, an improvement in stabilometric parameters was obtained in the antero-
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posterior plane by sprinters in both monopodal supports. This could be due to the fact
that sprinters always trained on track, where the direction of the curve is always to the
left. However, as middle-distance runners also train out of track, they did not experience
this continuous left turning. Further research is needed in this regard to determine the

origin of such differences.
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CONCLUSION

As a conclusion, training has a clear effect on both bipodal and monopodal
stabilometry. Athletes show worse postural stability in training periods with a higher
volume of workload, and it improves in periods with a low-volume, high intensity
workload. The athletic variety do not have any influence on these differences, but

sprinters display better monopodal stabilometry regardless of the leg stance measured.

As clinical application, coaches and physiotherapist should take in account the
effect of training on bipodal and monopodal stabilometry due to the established
consensus by previous literature about stabilometric deficits as risk factor of injuries in
sports. In order to improve the stability and reduce this risk factor of injuries, it would
be interest the inclusion of proprioceptive training as main training that has shown

stabilometric improvements.
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Table 1. Mean Values of Length and Area Covered by the Center of Pressure (Length and

Area), Speed of Center of Pressure (Speed) in bipodal support.

Middle-distance Sprinters
runners n=28
n=20

Length (mm) Meanzs Meanzs p-value ETA Square

Pres{t 347.25+111.65 350.74 £ 136.30 group ,000
0.542

Volume## 300.09 + 126.92 321.67 + 140.84 time ,249
0.000

Precomp§§§ 441.75 £ 116.53 443.00 + 138.09 group X time ,015
0.898

Comp++ 437.01 £136.75 396.40 + 135.44

Area (mm) Meanzs Meanzs p-value ETA Square

Pres™** 39.56 +30.92 51.95 +54.99 group ,000
0.958

Volume§ 100.45+£91.75 97.66 £+ 124 .41 time
0.000 ,128

Precomp, t17 71.09 + 35.63 74.28 £ 54.364 group X time
0.821 ,007

Comp++ 71.34+63.71 61.70 = 50.09

Speed (mm/sec) Meanzs Meanzs p-value ETA Square

Pres 6.84 +£2.25 6.90 +2.77 group ,013
0.440

Volume 6.08£2.76 15.01 £45.55 time

Precomp 8.95+2.39 9.05+2.99 0.504 ;008

group X time
Comp 8.96 +2.94 8.14+2.94 0273 ,017

Length = Length covered by the center of pressure in bipodal support. Area = Area
covered by the center of pressure in bipodal support. Speed = milimeters covered by
the center of pressure every second. Pres = Pre-season period. Volume = Volume
period. Precomp=Pre-competitive period. Comp = Competitive period. *** p<0.001 for
Pres vs. Volume; 71 p<0.01, T1f p<0.001 for Pres vs. Precom; ++ p<0.01 for Pres vs.
Comp; § p<0.05, §§§ p<0.001 for Volume vs. Precomp.
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Table 2. Mean Values of Length and Area Covered by the Center of Pressure (Length and
Area), Speed of Center of Pressure (Speed) on left-side monopodal support

Middle-distance Sprinters
runners n=28
n=20
Lengthl (mm) Meanzs Meanzs p-value ETA Square
Pres ** 279.59 +76.20 267.87 £ 81.49 Group
Volume § 342.23 + 185.49 313.69 + 80.77 (%-.137 047
me
Precomp 17 349.19 £ 96.36 32927 +£97.48 0.003 ,096
Comp 323.30 + 105.14 269.88+ 78.99 gro‘g’;‘z O“me 0,10
Areal (mm) Meanzs Meanzs p-value ETA Square
Pres 431.86 £450.26 396.65 £346.45 Group
Volume 627.56 £619.58 438.51 + 358.80 %’.386 016
1me
Precomp 517.69 % 302.40 497.29 +313.73 0.271 028
group X time
Comp 399.19 + 358.40 429.71 +279.66 0.514 016
Speedl (mm/sec) Meanzs Meanzs p-value ETA Square
Pres 25.60 +7.41 24.56 + 8.69 Group
0.932
Volume 31.36+17.79 35.99 +42.20 Time ,000
Precomp 31.027 £7.89 2921 +9.65 0.073 049
group X time
Comp 25.59+6.13 24.73 £ 5.99 0. 826 ,006

Lengthl = Length covered by the center of pressure in left-side monopodal support.
Areal = Area covered by the center of pressure in left-side monopodal support. Speedl =
milimeters covered by the center of pressure every second in left-side monopodal
support. Pres = Pre-season period. Volume = Volume period. Precomp = Precompetitive
period. Comp = Competitive period. ** p<0.01 for Pres vs. Volume; § p<0.05 for
Volume vs. Precomp; 11 p<0.001 for Precom vs. Pres.
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Table 3. Mean Values of Length and Area Covered by the Center of Pressure (Length and

Area), Speed of Center of Pressure (Speed) on right-side monopodal support.

Middle-distance Sprinters
runners n=28
n=20
L(elfl'f;l)” Meanzs Meanzs p-value ETA Square
Pres** 282.73 £107.69 266.95 + 85.33 group
Volume## 349.83 + 118.39 345.82 + 107.63 (1;297 ,024
1me
Precomp 303.66 + 87.59 304.69 + 102.42 0.002 ,105
Comp!( 290.39 + 77.51 256.45 +73.56 gro‘g’ 4"5 8““16 ,019
AREAr (mm) Meanzs Meanzts p-value ETA Square
Pres** 379.24 + 340.53 352.48 +262.01 group
Volume 625.93 +410.10 569.06 + 650.17 (1;530 ,009
1me
PrecomptT 531.63 +£323.02 576.01 +£335.49 0.004 ,090
Comp ! 517.97 + 585.83 344.73 + 209.70 gm‘(l)p 4’§§‘me 017
Speedr Meanzs Meanzs p-value ETA Square
(mm/sec)
Pres* 25.30+10.23 23.95+8.59 group
Volume 32.48 + 12.86 36.34 + 4341 %ﬁ‘j 000
Precomp+ 28.87 + 8.68 28.06 + 10.27 0.033 061
group x time
Comp[ [ 26.11+7.17 23.54+7.33 0.837 ,006

Lengthr = Length covered by the center of pressure in right-side monopodal support.
Arear = Area covered by the center of pressure in right-side monopodal support. Speedr
= milimeters covered by the center of pressure every second in right-side monopodal
Pre-season period. Volume = Volume period. Precomp = Pre-
competitive period. Comp = Competitive period.* p<0.05, ** p<0.01 for Pres vs.
Volume; 1§ p<0.01 for Pres vs. Precom; ## p<0.01 for Volume vs. Comp; [ p<0.05,

support. Pres

(111 p<0.01 for Precomp vs. Comp.
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ABSTRACT

Aim: To analyze the short-term effects of a lactate-accumulation training session

on postural stability.

Methods: Fifteen athletes performed two trainings sessions (Warm-up and
Lactic-Training session). Before training (Pre), immediately after (PosStomin), thirty
minutes later (Postsomin) and after 24 hours (Post,4p), athletes were subject to a bipodal
and a monopodal stabilometries and a lactate blood analysis to ensure a high stress

level.

Results: Variance analysis (0=0.05) showed, in lactic training, athletes
experienced an increase of Length and Velocity in postomin, @ decrease at postzomin and a
new decrease at posty4,, Which was lower than basal values. In monopodal stability, left-
leg support showed a decrease at postomin in antero-posterior plane of athletes after lactic
training. Also, in both monopodal supports, athletes displayed higher values of Length
and Velocity in postomin after lactic training, with a progressive decrease which was

significant at Post,4p, when they reached baseline.

Conclusion: Right after anaerobic lactic training, center-of-pressure dispersion
variables in bipodal stabilometry are worsened. Thirty minutes later, stabilometric
variables are still deteriorated. At 24 hours, stabilometry is better than baseline. In
monopodal support, dispersion values are worsened after lactic training and
anteroposterior stability is impaired in left monopodal support, although the

deterioration is less evident as time passes.

Keywords. Blood lactate. Training. Athletes. Postural Stability.
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INTRODUCTION

A lactate accumulation after the practice of physical activity is considered the
most important musculoskeletal stress level. The explanation is that in the face of an
increase in the intensity of physical exercise, an accumulation of the lactate catabolite
takes place, which at the same time increases the accumulation of hydrogen ions. These

ions are responsible for muscle acidity and for subsequent contractile inefficacy .

Effects of this contractile inefficacy have been studied at stabilometric levels due
to the relationship between postural stability deterioration and sports injuries®™.
Surenkok et al., in 2006, analyzed postural stability after a lactate-accumulation-
inducing protocol and reported a deterioration in monopodal stability, although they
observed no correlation between stability and lactate level’. Other authors have studied
effects of intense exercise in the postural stability of athletes > * * '*'* Mello et al.
(2009) assessed the effects of a exercises protocol consisting of a maximal oxygen
uptake test and prolonged cycle ergometer exercise'®. Results showed a stabilometric
deterioration. Similar results were observed by all other authors, who concluded that
intense exercise protocol deteriorates the postural stability of athletes, although none of

. . . g 3.9
them took into account lactate accumulation as an indicator of muscle stress ”—.

Despite being the main indicator of muscle stress induced by intense physical
activity, lactate accumulation has not been measured in most of the studies that have
analyzed the effects of this type of muscle stress on postural stability parameters. A
close monitoring of lactate level as an indicator of high muscle stress and of its effects
in postural stability would be of great importance in the prevention of injuries after

practicing intense physical activity, and also to ensure the disappearance of effects 24
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hours later, thus contributing to face the next training in the best conditions due to the

fact that lactate-accumulation training sessions are normal training routine of sprinters.

Based on the mentioned reasons, the purpose of the present study was to analyze
the short-term effects of lactate accumulation training session as normal training routine
of sprinters on the postural stability of athletes until 24 hours after the end of lactic

training session.
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MATERIALS AND METHODS

A pre-experimental study was carried out with a group of 15 athletes, who carried
out two different training sessions: Warm-up, which consisted of a 30-minute warm-up
session (including ten minutes of low speed race, five minutes of dynamic stretching
and fifteen minutes of technical running exercises), and Lactic Training session,
consisting of the same 30-minute warm-up, followed by an anaerobic lactic training
which included two groups of two series of 300m performed at 90-92%, with a five-
minute rest between series and a ten-minute rest between groups'>. A whole week
passed between both training sessions. Four measures were carried out in each session:
Pre= before training session, Postyvi,= immediately after training, Post;omin= 30 minutes
later and Postysp= 24 hours after training. Every measure included three stabilometric
values: one bipodal and two monopodal (left- and right-leg support), in addition to the
lactate blood level ans heart rate as stress indicators. To determine the individual
percentage of work in the 300 m run, the previous week all athletes performed a 300 m

race at 100%.
Participants

Fifteen athletes with experience in performance of lactic trainings, and selected
under randomized conditions from a total sample of thirty-three athletes, took part in the
present study. The group comprised two female and thirteen male athletes, between 18
and 33 years old (26.2+7.42 years), a mean weight and height of 68.53+10.76 kg and
1.75+0.07m, respectively, and a BMI of 22.21+2.63 kg/m* (Table I). All athletes were
specialists of the 200m and 400m races and had at least four years of experience in their
respective modalities. The competition level of athletes was medium, so that their

personal best results allowed them to compete in national championships. Before the
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start of the study, all athletes were briefed on the nature of testing and written informed
consent was obtained from each subject, according to the standards of the Declaration of

Helsinki. The study was approved by ethics commitee of University of the city.
Equipment

Baseline features of the athletes were collected with a 100g-300kg precision
digital weight scale Tefal (France) and a t201-t4 Asimed adult height scale (Spain),

which were used to obtain weight and height, respectively.

A FreeMed© BASE model baropodometric platform was used for the stabilometric
measurements (Rome, Italy). The platform's surface is 555x420 mm, with an active
surface of 400x400 mm and 8 mm thickness'® by Sensormédica® (Sevilla, Spain).
Calculations of center-of-pressure (CoP) movements were performed with the
FreeStep© Standard 3.0 (Italy) software. The Lactate Pro blood lactate analyser™
(Japan) and the Lactate Pro Test Strip (Japan) were used to determine blood lactate
accumulation. Heart rate was measured using the Polar RS300X (Finland) pulsometer.
Also, a Nike WR0082-630 chronometer was used to register the time for the 300m runs

and to control the resting time between repetitions and groups of repetitions.

Procedure

Bipodal stabilometry: athletes were instructed to remain as still as possible on the
baropodometric platform for 52 seconds, with a between-heels separation of five cm

and their feet forming a 30° angle (Figure 1).

Monopodal stabilometry: athletes stood on each of their lower limbs for 10 seconds

(left leg first) on the center of the platform (Figure 1).
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The following parameters were recorded for the bipodal test as well as for the left-
leg and right-leg monopodal tests: length (Length) and area (Area) of the path described
by the center of pressure, the speed for the center-of-pressure movement (Velocity), and
the position of the center of pressure in the medial-lateral (Xmean) and anteroposterior

[
T

(Ymean) planes. These variables are marked “1” or “r” to indicate whether they belong
to the left or right leg, respectively. Tests were carried out before training started, in

order to avoid any interference. Also, athleteswere instructed not to engage in any sports

activity in the day of testing.

Blood lactate analysis: samples of blood were taken from the forefinger of either the
left or the right hand of athletes. The fingertip was cleaned with alcohol (96°) and
pricked with a lancet which was previously installed in the lancet device. The first drop
of blood was cleaned with a piece of cotton to avoid blood contamination. Immediately
after that, the fingertip was squeezed to obtain the second and definitive blood drop, as
the lactate analyzer and the lactate strip were ready to catch this blood drop just coming
out of the skin. One minute later, the blood lactate analyzer informed of the blood

lactate level of the athlete.

300 m race test: it was performed in the week before the trainings sessions started,
in order to determine the individual percentage of work in 300m repetitions. All athletes
carried out only one 300m race at 100%. Time scored by athletes in the 300m race was
recorded with a chronometer. This value later became the reference to calculate the 90-

92% of work in the lactic training session.

Anaerobic lactic training session (Lactic Training): athletes carried out the same 30-
minute warm-up performed in the warm-up training session, followed by an anaerobic

lactic training which comprised two groups of two races of 300m with an intensity of
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90-92% of the time recorded for the 300m reference test. Athletes rested for five
minutes between races and for ten minutes between groups of races. Every race of 300m
was measured with a chronometer.

Statistical analysis

The description of continuous variables was performed through the mean and the
standard deviation, and for the categorical variables through frequencies and
percentages. The normal distribution of continuous variables was verified with the
Kolmogorov-Smirnov test (p<0.05). A separate 2X4 repeated measures ANOVA was
performed to examine the effect of training (Warm-up or Lactic Training) and time
(pre-treatment, post-treatment, 30 minutes post-treatment and 24 hours post-treatment)
on stabilometric dependent variables (Length, Area, Velocity, X mean and Y mean ), in
three different tests (bipodal, left monopodal and right monopodal) and on parameters
indicating stress level (Lactate Level and Heart Rate) to ensure the high stress level of
Lactic Training session and the differences with Warm-up Training session. The
hypothesis of interest was the time-by-training interaction at an alpha level of 0.05. For
the determination of effect size of the time-by-training interaction, eta-squared was
used. Additionally, if a significant interaction was identified, pairwise Bonferroni
comparisons were performed to explore the differences between each training condition
and within each time point. In order to analyze the relation between lactic acid
concentration and stabilometric variables, Pearson's correlation was used. Management
and data analysis were performed with the statistical package SPSS for Windows
version 17.0 (SPSS Inc, Chicago, IL, USA) and MedCalc 12.5 (MedCalc, Mariakerke,

Belgium). The level of statistical significance was set at p<0.05.
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RESULTS

All the subjects performed the planned actions and completed the study. Table 11
shows the mean values of lactate level and heart rate on both Lactate Training session
and Warm-up session (ps < 0.001). Main time and training effects and the interaction
time-by-training was statistically significant for Lactate Level and Heart Rate. Athletes
showed an increase in lactate level and heart rate significantly higher after Lactic
Training session than after Warm-up session (ps < 0.001). Eta-squared was 0.935 for
Lactate Level and 0.635 for Heart Rate (Table II), and it can be concluded that the
interaction effect accounted for over 94% of the variation for Lactate Level and 64% for

Heart Rate.

On bipodal tests, the interaction time-by-training was statistically significant for
the Length Sway of center-of-pressure (p < 0.001), Velocity of the center-of-pressure (p
< 0.001) and was on the limit of statistical significance for the Sway Area and X mean
position (Table III). Eta-squared was 0.579 for Length and 0.582 for Velocity (Table
IIT), and it can therefore be concluded that the interaction effect accounted for over 50%
of the variation for Length and Velocity of Sway of center-of-pressure. On between-
training analysis, pairwise Bonferroni comparisons showed worse stability values after
lactic training, verified by an increment of Length (p=0.004) and Velocity (p=0.002) of
center-of-pressure in the post-treatment evaluation. However, at 24 hours since training,
better stability was observed after lactic training, expressed through significantly
smaller Length (0.031) and Velocity (p=0.030) of Sway of center-of-pressure. On
within-training analysis, lactic training showed a statistically significant increase of
length in post 0 minutes (p<0.001), a decrease at 30 minutes (p=0.013) and a new

decrease at 24 hours (p<0.001). Besides, these values at 24 hours were significantly
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lower than basal measures (p=0.046). No statistical change was observed on the warm-
up training. The same effect was observed with the Velocity of Sway of center-of-
pressure (p<0.001). No statistically significant changes were observed on Area, X mean

or Y mean.

On the left-leg monopodal test (Table IV) the time-by-training interaction was
statistically significant for the anteroposterior position (Y mean) of the center-of-
pressure (p=0.010). Eta-squared was 0.233, the time-by-training interaction effect
accounting for over 20% of the variation for the Y mean position of center-of-pressure
(Table IV). Pairwise comparison showed a more posterior position of center-of-pressure
at 30 minutes after lactic training (p=0.01). On within-training analysis, Length Sway of
center-of-pressure exhibited a statistically significant increase at 0 Minutes post
treatment (p=0.004) and a gradual decrease that became significant at 24 hours
(p=0.003) after lactic training. No other significant changes were observed after the
warm-up training. A similar effect was observed on Velocity of center-of-pressure with
an initial increase at 0 minutes after lactic training (p=0.015) and a gradual decrease that
became significant at 24 hours (p=0.016). No significant changes were observed on

Sway Area, Y mean or X mean.

On the right-leg monopodal test no variable showed a statistically significant
time-by-training interaction (Table V). However, on the Velocity of Sway of the center-
of-pressure, a result was observed on the limit of significance (p=0.069). Furthermore, a
temporary increase was observed at post treatment evaluation after lactic training. On
within-training analysis, Length Sway showed an initial deterioration at 0 minutes after

lactic training (p=0.038) and a gradual decrease that became significant at 24 hours
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(p=0.038) and reached baseline. A similar effect was observed on Velocity of Sway

(p=0.015). No significant changes were observed for Area, X mean or Y mean.

Regarding the relation between lactate concentration and stabilometric variables,
we found a positive correlation between Length, Area and Velocity on the right-leg test
at 0 minutes of warm-up training, and between Area and Velocity on the right-leg test at
30 M after the warm-up training with lactate concentration at 24 hours after training.
The highest correlations were found for Velocity on the right-leg test at 0 minutes
(Adjusted R2=0.382, p=0.008) and for Area on the left-leg test at 30 minutes (adjusted
R2=0.668, p<0.001). These data could be interpreted as the level of lactate at 24 hours
of warm-up training depending in 38% on the Velocity values and in 66% on the Area
values at 0 minutes or 30 minutes after training, respectively. No significant correlation

was found between stabilometric variables and lactate concentration after lactic training.
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DISCUSSION

The purpose of the present study was to analyze the short-term effects of a
lactate-accumulation-induced training session on the postural stability of athletes until
24 hours after performing the lactic training session. To this end, fifteen athletes
performed a training session consisting of a 30-minute warm-up session (Warm-up) and
a whole week later, all athletes performed the same warm-up followed by an anaerobic
lactic training session. Before training sessions, immediately after, 30 minutes later, and
24 hours later, athletes were subject to a bipodal and a monopodal stabilometry, in
addition to a blood lactate analysis and the heart rate to confirm the high stress muscle
presence, so that athletes showed an increase in lactate level and heart rate significantly
higher after Lactic Training session than after Warm-up session.

Results from the bipodal stabilometry showed that after Lactic Training session,
athletes had worse values of Length and Velocity in Postomin. At Postsomin, despite a
significant improvement, the stabilometric deterioration remained. The total recovery
(and even an improvement of basal stability) was reached at Postys,. Our results agree
with those of Lepers et al., in 1997, who analyzed postural stability after 25km of
running or 25km of cycling and reported deterioration on postural stability, although
with differences depending on the type of the exercise. Lepers et al. (1997) also
evaluated sensory afferents, and stated that during physical exercise adaptations could
occur to this prolonged proprioceptive stimulation, which could be responsible of
postural control deterioration®. Besides, the results of the present study support the
research of Paillard et al. (2012), who assessed general and local stress level after
intense exercise protocols and reported a subsequent deterioration of the postural

stability of athletes, referring again to an alteration in sensory afferents and

190



Romero-Franco et al., Submitted

consequently, in motor control efferences’. At the same time, the results of the present
study are in the same line of those found by Fox et al.,, (2008), where athletes
performing an anaerobic training session showed a deterioration in posterior
stabilometric values’. However, in contrast with our results, Fox et al. (2008) stated that
athletes had recovered from this deterioration within 13 minutes®. Similar results were
reported by Yaggie and Armstrong in 2004, with athletes who had worse stabilometric
values after a general and intense exercise protocol recovering their the stabilometric
baseline within 10 minutes'’. Yet another example comes from Susco et al. (2004), who
reported stabilometric deterioration and a subsequent improvement after 20 minutes'’.
In the present study, although bipodal stability values significantly improved 30 minutes
after lactic training, it remained significantly worse than baseline. It was not until after
24 hours that baseline stabilometric levels were reached, and even improved. This
improvement is consistent with results from Brown in 2002, who reported that after a
prolonged proprioceptive stimulation, such as physical activity, athletes had better
motor control'®. This could lead us to the conclusion of F anquin et al. (2005) about the
better postural control from athletes vs non athletes due to the development of a more

complex motor program brought about by sports practice'’.

On the other hand, despite the fact that our results show worse stabilometric
parameters in CoP dispersion variables on the monopodal stabilometric test after Lactic
Training session, this test did not return results as clear as those of the bipodal testing.
The inequality between bipodal and monopodal results is consistent with previous

studies 2 %!

where authors detected different results from both tests, with greater
postural sway during monopodal, so that the difficulty added from monopodal stance

could lead the difference between both tests.
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Our investigation reported stabilometric deterioration right after lactic training in
monopodal stability. Then, a progressive improvement appeared, which became
statistically significant after 24 hours, although no significant deterioration appeared 30
minutes after the end of the lactic training session as was the case of bipodal stability
tests. These findings agree with those of Surenkok et al. (2006) where athletes who
performed a lactic training session later showed worse monopodal stability’. Similar
results were found by Brito et al. (2012), who observed that after a competitive soccer
match, soccer players exhibited a clear deterioration in the same CoP dispersion

variables that do deteriorate in our study’.

Regarding CoP position variables in the present study, Xmean and Ymean,
significant results were found in anteroposterior stability while on left-leg monopodal
support. More specifically, athletes showed a more posterior-leaning position 30
minutes after Lactic Training session. These findings are in line with those of Vuillerme
and Hintzy in 2007, who reported that after fifteen minutes of cycling at 200W, athletes
showed no stabilometric deterioration in the medial-lateral plane, although the
deterioration was found in the anteroposterior plane'?. On the other hand, the inequality
between right- and left-leg monopodal support results, with worse stabilometric
parameters for the left leg, could be explained by the fact that the type of athletes who

took part in our study always train at tracks, where all turns are left-sided.

On the other hand, the Warm-up training session showed a positive correlation
between Length, Area and Velocity at Postyni, of right-leg monopodal stability tests and
Area and Velocity at Postsomin of left-leg monopodal stability tests with blood lactate

levels at Posty4n. Thus, blood lactate level 24 hours after Warm-up depended in 38% on
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the value of the Velocity variable and in 66% on the value of the Area variable at 0

minutes or 30 minutes after training, respectively.

In the Lactic Training session, no correlation between stabilometric variables
and blood lactate level was found. These results support those of Surenkok et al. (2006),
who did not find any correlation between stability and blood lactate level after a lactic

.. 9
traming’.

Results from the present study show that motor control deterioration, as stated
by authors like Lepers et al. (1997) and Paillard et al. (2012) in their respective studies,
take place as a consequence of the alteration of proprioceptive afferents due to a
continuous proprioceptive stimulation during prolonged physical exercise and to the

1 > °. However, the duration of these stabilometric changes

subsequent stress leve
depends on the intensity and length of the exercise'®. This deterioration becomes

apparent in motor control efferences and therefore in the efficacy of sports

22
movements™.

For future research, we suggest including an intense exercise protocol with more
frequent stability measures in order to be able to determine in detail the time spent to
recover stabilometric baseline values. Furthermore, we suggest analyzing several types
of training sessions in order to assess the effects of different types of training sessions

on the stabilometric values of athletes.
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CONCLUSIONS

An anaerobic lactic training session, as normal training routine of sprinters,
contributes to an important deterioration of the center-of-pressure dispersion values in
the bipodal stability of athletes. Thirty minutes later, stabilometric parameters remain
deteriorated. After 24 hours, stability is better than basal level. On monopodal support
tests, athletes show worse stability right after a lactic training, although this
deterioration fades out in time. Regarding center-of-pressure position, a lactic training
session induces a deterioration in anteroposterior stability while on left-leg monopodal

support.

As a practical application, personal trainers and sports physical therapists should
take into account the important stabilometric deterioration happening right after a lactic
training, as well as its persistence at least 30 minutes later. The risk of injury must be
taken into account, as proprioceptive afferences are disturbed and therefore motor
control efferences are altered. Potential injuries might become more likely at least thirty
minutes after training, although the persistence of the increased risk might depend on

the intensity and length of training.
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Table 1. Demographic characteristics

All (n=15)
Age (y) 26.2 +7.42
High (m) 1.75 £ 0.07
Weight (kg) 68.53 + 10.76
BMI (kg/m?) 22.21+2.63
Experience (y) 9.53+4.61
Gender Woman 2/13.3 %

Man 13/86.7 %
Student Yes 9/60 %

No 6/40 %

BMI, Body Mass Index. Data are expressed as Mean + Standard Deviation for
continuous variables and as frequencies and percentages for categorical variables.
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Figure 1. Bipodal and left and right monopodal stability tests.
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ABSTRACT

This study investigated short-term effects of an anaerobic lactic training session
on the knee joint position sense of athletes and the duration of these effects until twenty-

four hours later.

Fifteen athletes experienced in lactic training from one track and field team
volunteered for the study. Subjects randomly performed two training sessions one week
apart: Warm-up, consisting of a 30-minute warm-up, and Lactic Training, which
included the same warm-up routine and an anaerobic lactic training session. All athletes
carried out a joint position sense test of knee, as well as a blood lactate and heart rate
analysis before (Pre), just after (Postomin), thirty minutes after (Postsomin) and 24 hours

(Postyay) after each training session.

Within-training analysis showed an increase of absolute angular error at Postomin
after Lactic Training with stadistically higher values than after Warm-up Training
(p=0.001), and a gradual decrease toward the measurement taken 24 hours later. On
relative angular error, the initial increase at Postovin, after Lactic Training was not
statistically significant (p=0.236) but the subsequent decrease at Posty4; was statistically

significant (p=0.021).

Anaerobic lactic training immediately depletes the accuracy of knee joint
position sense, although it is recovered 30 minutes later. After 24 hours, knee joint

position sense is better than it was at baseline.

Coaches, rehabilitation trainers and physical therapists should take into account
the deleterious effects on joint position sense after intense phisical activity. Also, they
could benefit from the improvement in proprioception twenty-four hours later, to perfect

the more technical aspects of the athlete's training.

Key terms. Proprioception; knee; athletes; blood lactate; training.
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INTRODUCTION

Proprioception leads the learning process of sports gestures and may maximize
the performance and prevent injuries in athletics, informing about the body's position
from muscles, tendons, joints, and skin (10, 11, 21, 40). However, intense exercise
inducing muscle exhaustion might impair these proprioceptive afferents and increase the

injury risk(1, 15, 19).

Many authors have reported that intense physical activity protocols depletes
proprioceptive skills that play a role in sport injury such as joint position sense(23, 24,
27, 28, 40). These included protocols involving the whole body (i.e., cycling on an
ergometer bicycle, running intervalic training, or performing ramp and interval test); as
well as protocols involving part of the body (i.e., specific sports gesture, eccentric
contractions of upper or lower limb, or flexion-extension of knee). Both general and
local exercise protocols blunted the accuracy of joint position sense(8, 20, 26-28, 32,

33, 35, 38).

Despite the evidence about proprioceptive impairment after intense exercises,
the duration of this depletion is unclear — studies to date lacks follow-up of joint
position sense test after the intense physical activity(31). Indeed, very few authors have
analyzed the effects of alternative intense exercises that may also impair proprioceptive

skills such as anaerobic lactic training(29).

To address these questions, the purpose of the present study was to analyse the
short-term effects of an anaerobic lactic training session on the joint position sense
(JPS) of the knee of athletes — the most frequently affected joint. To analyse the gradual
decrease in these effects, we measured joint position sense of athletes thirty minutes and
twenty-four hours after training. Additionally, we assessed heart rate and blood lactate

level to ensure the stressing level of the exercise(4). We included track and field athletes
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due to the high frequency of intense lactic exercise in their training routines. Authors
hypothesize that lactic training will impair the JPS of athletes in immediately post-
training measurements and it decreased gradually at the following measurements (thirty

minutes and twenty-four hours later).
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METHODS

Experimental Approach to the Problem

Authors used a repeated-measures crossover design with a single group in this
research. The group comprised 15 athletes who carried out two different training
sessions: Warm-up and Lactic Training. Pre= before training session, Postomin=
immediately after training, Post;omin= 30 minutes later and Postysy= 24 hours after
training. Every measurement included joint position sense test, as well as lactate blood

level and heart rate assessments as control training indicators.

Subjects

Authors used a repeated-measures crossover design with a single group in this
research. Fifteen athletes — 26.2 £ 7.4 years; 1.75 + 0.07 m; 68.5 £ 10.8 kg; 2 women
(13.3%) and 13 men (86.7%) — from one track and field team and with experience in
lactic training were selected under randomized conditions from a total sample of
twenty-three athletes. Baseline levels of the athletes were collected with a 100 kg — 300
kg precision digital weight scale Tefal (France) and a t201-t4 Asimed adult height scale
(Spain), for weight and height, respectively. All subjects were specialists of the 200 m
or 400 m races and had at least four years of experience in their respective modalities.
The competition level of athletes was national - their personal best results allowed them
to compete in national championships. Before the start of the study, all athletes were
briefed on the nature of testing and written informed consent was obtained from each
subject, according to the standards of the Declaration of Helsinki - 2008 revision(16).

Also, Ethical Committee of the University of the city approved the present study.
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Procedures

All athletes carried out two different training sessions: Warm-up - a 30 minutes
warm-up including ten minutes of low-speed race, 5 minutes of dynamic stretching and
15 minutes of technical running exercises- and Lactic Training - the same 30-minute
warm-up, followed by an anaerobic lactic training which included two groups of two
series of 300 m performed at 90-92% - all athletes performed a 300 m race at maximum
intensity (100%) to determine the individual percentage of work - with a rest of 5
minutes between series and 10 minutes between groups(9). A whole week passed
between training sessions and the order of training sessions performance was randomly

assigned.

Four measurements were taken in each session: Pre= before training session,
Postomin= immediately after training, Post;omin= 30 minutes later and Postysy= 24 hours
after training. Every measurement included joint position sense test, as well as lactate

blood level and heart rate assessments as control training indicators.

Knee joint position sense. It was measured in the dominant limb of athletes, for
open-kinetic-chain and active-leg movements. Muscle receptors being the primary
contributors to proprioceptive information, through active testing the input from these
receptors is maximized(2). Besides, active testing is more functional and accurate than
passive testing(2). A system of digital photography Canon 8MP, MV750i (United
Kingdom), non-reflective markers and the AutoDESK® AutoCADO 2008 software
were used.We attached four colour markers of 4x4cm to the dominant limb in the
following locations: 1) tip of greater trochanter; 2) over the iliotibial track — at the level
of posterior skin crease when knee is flexed to 80°; 3) neck of the fibula; and 4) over the
proximal of lateral malleolus (Figure 1). The location of four markers is based on

previous studies(12, 24, 36).
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All athletes sat on the treatment couch with their leg not touching the floor and eyes
covered with an eye shield to block the visual inputs in the joint positioning. The
researcher held the heel of the athlete and passively — with a speed of 2° per second -
moved the leg from the resting position of 90° to a target angle - randomly selected
between 40° and 60° (intermediate ranges of knee flexion), where the mediation of
muscle sensory in the sense of knee-position predominate. Subjects were asked to
actively hold their knee in that position for five seconds and to concentrate on the angle.
During this time, a photography was taken of the target position. Then, the researcher
passively returned the leg to the resting position. Some seconds later, the athlete was
instructed to replicate the previous position actively and to maintain it for three seconds,
while a photography of the replicated position was taken. Each replication was repeated
three times. The digital camera was supported on a tripod, located 185 cm away from
the athlete, and perpendicular to the knee joint axis of movement. All athletes were
familiarized with the procedure through one explanation, one demonstration, and one

practice repetition(18).

Figure 1 about here

To evaluate proprioception of the knee, the following parameters were obtained
from the JPS test: absolute angular error (AAE) — absolute difference between the target
and the estimated position ignoring the direction of error (determined as the mean value
of the absolute error between the passively-positioned knee angle and the actively-
produced knee angle in three consecutive trials); relative angular error (RAE) — the
arithmetic difference between the test and the response position; and variable angular
error (VAE) — standard deviation of the three repetitions (determined as the standard
deviation from the mean of the relative errors). Test-retest reliability has been shown in

previous studies(17, 18, 24, 25). In the present study, participants carried out two
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measures of joint position sense with a 72 hours interval and the measure showed an

high intra-class correlation coefficien (r = 0.861, 95% CI=0.812- 0.947).

Lactate blood level. Lactate Pro blood lactate analyser™ (Japan) and the Lactate
Pro Test Strip (Japan) were used to determine blood lactate accumulation. Accuracy and

reliability of this blood lactate analyzer has been shown previously(22).

Heart rate. It was measured with a Polar RS300X pulsometer (Finland). Also, a
Nike WR0082-630 chronometer was used to register the time for the 300m runs and to

control the resting time between repetitions and groups of repetitions.

Statistical Analyses

Data management and analysis were carried out with the statistical package
SPSS for Windows version 17.0 (SPSS Inc, Chicago, IL, USA) and MedCalc 12.5
(MedCalc, Mariakerke, Belgium). The description of continuous variables was
performed through the mean and the standard deviation, and for the categorical
variables through frequencies and percentages. The normal distribution of continuous
variables was verified with the Kolmogorov-Smirnov test (p<0.05). A separate 2X4
repeated measures ANOVA was performed to examine the effect of training (Warm-up
or Lactic Training) and time (pre-treatment, post-treatment, 30 minutes post-treatment,
and 24 hours post-treatment) on dependent variables (AAE, RAE, and VAE). The
hypothesis of interest was the time-by-training interaction at an alpha level of 0.05. In
order to determine the effect size of the time-by-training interaction eta-squared was
used. Pairwise Bonferroni comparisons were performed to explore the differences
between each training condition and within each time point. In order to analyze the
relation between lactic acid concentration and proprioception, Pearson's correlation was

used. The level of statistical significance was set at p<0.05.
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RESULTS

Results from lactate blood level and heart rate showed a statistically significant
increase at Postovi, after both training sessions, that was significant higher in Lactic
Training than Warm-up Training (ps<0.001). Despite decreasing significantly at
Postsomin in both training sessions, lactate blood level and heart rate were still significant
higher in Lactic Training than Warm-up Training (ps<0.001). Differences were

equalized at Postysy (Figure 2).

Figure 2 about here

The 2x4 repeated measures ANOVA showed a significant interaction time-by-
training in the AAE variable (p=0.013) (Table 1). RAE and VAE analysis showed no
significant interaction. The effect size measured with eta-squared showed that over 50%
of the variation in VAE could be explained by the time-by-training interaction. In RAE,
the effect size was near 50% (Table 1). Regarding the pairwise comparison of between-
training analysis, a statistically significant difference was found immediately post-
intervention (p=0.001) on AAE. On the within-training analysis, AAE initially
increased at Postomin (p=0.147), and gradually decreased toward the 24-hours
measurement values, although it was not statistically significant (p=0.062). On RAE,
the initial increase at 0 minutes after lactic training was not statistically significant
(p=0.236) but the later decrease toward the 24-hours measurement was statistically
significant (p=0.021). No significant changes were observed after warm-up in AAE or

RAE, or in VAE.

Table 1 about here
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DISCUSSION

The purpose of the present study was to analyze the short-term effects of an
anaerobic lactic training session on the joint position sense (JPS) of the knee of athletes.
We analyzed blood lactate level and heart rate to ensure a more stressing level of the

physical activity in the Lactic Training session.

The main findings of the present study indicate that subjects exhibited impaired
knee proprioception after an anaerobic lactic training, as revealed by higher values of
AAE in JPS. This results match those in previous literature and support the theory of
Voight et al. (1996), who proposed the desensitization and inefficiency of the muscle
spindles after intense training sessions, which would affect proprioceptive afferents and
the information arriving to the nervous system(6, 27, 33, 34, 37). Consequently, the
ability to recognize and replicate movements would be deteriorated as well. These
findings are also in agreement with those of Paillard (2012) and Lepers et al. (1997),
who evaluated sensory input after prolonged proprioceptive stimulation by practicing
physical activity and detected adaptations to this stimulation, reflected in immediate

damage to the efferent motor control(15, 19).

On the other hand, the significance of our results lies in the progressive recovery of
proprioceptive impairment in the value of RAE and AAE measured in JPS. Thus, thirty
minutes after the lactic training, proprioceptive parameters had returned baseline. In
contrast to our results, the only study to our knowledge that analyzed the recover of
joint position sense after a intense exercise protocol was designed by Torres et al., and
consisted of eccentric training until exhaustion(31). In its findings, the reported
proprioceptive knee deficit was significantly decreased up to 48 hours later, suggesting
that there might be an impairment in the intrafusal fibres of spindle muscles and in the
tendon organs. Despite having the same physiological explanation for the reduction of

JPS, the difference in recovery time could be due to the muscle damage after eccentric
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work being more serious and lasting than after lactic training(31). All other studies
analyzed postural stability as a proprioceptive deficit after intense exercise protocols,
and all reported total proprioceptive recovery from 10 to 20 minutes after the training
session, depending on its intensity and duration(7, 30, 39). These findings match ours,

in which proprioceptive parameters had reached baseline within 30 minutes.

Indeed, twety-four hours after Lactic Training, RAE and AAE improved with
respect to baseline. These findings agree with Brown et al. (2002), who stated that
prolonged proprioceptive stimulation by practicing physical activity implies medium-
and long-term adaptations which improve the motor control of athletes(3). Fanquin et al
(2005) corroborated this affirmations concluding that sports practice confers a complex

postural control significantly better than that of any sedentary person(5).

Any findings appeared after Warm-up, in disagreement with the study by
Konradsen et al. (2000), who reported improvements in JPS of ankle after a 20-minute

warm-up(11). The different duration of warm-up could have affected the results.

On the other hand, VAE values exhibited no significant difference after any
training session, similarly to previous literature using JPS as proprioceptive evaluation

method(24).

An important limitation of this study was the sample size and the lack of a
comparator control group instead of a single group of same people. Despite achieving
comparable groups in terms of subjects' characteristics, this could have affected the
results in terms of learning effects. Indeed, we dare recommend the inclusion of
intermediate proprioceptive analysis from 0 to 30 minutes after the intense exercise
protocol to determine in detail the time required to completely recover JPS. In addition,
it would be advisable to evaluate training sessions containing different sorts of

exercises, to control for the effects of each on the proprioception of athletes.
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In summary, intense exercise immediately reduces proprioceptive sense. The

consensus is that this deterioration could considerably increase the risk of injury in

sports(13, 14, 28, 40).
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CONCLUSIONS

The accuracy of the knee joint position sense of athletes is deteriorated after
anaerobic lactic training, when athletes are not able to fully recognize and reproduce
knee movements. This loss is recovered after 30 minutes, when athletes are again able
to reproduce the joint angle as they did prior to strenuous exercise. Twenty-four hours
after lactic training athletes are able to reproduce with more accuracy the joint

movement of knee than before training.
Practical applications

Coaches, rehabilitation trainers and physical therapists should take into account the
deleterious effects on joint position sense after intense phisical activity. The condition
of proprioceptive deterioration is a potential injury risk for athletes, who are unable to
recognize and replicate sports gestures effectively; most of sports movements are
performed in extreme joint ranges, where proprioceptive alteration implies significant
risks. Additionally, health and sports professionals could benefit from the improvement
in proprioception twenty-four hours after an intense training session, to perfect the more

technical aspects of the athlete's training.
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Figure 1. Joint position sense of the knee test.

223



LACTATE BLOOD LEVEL (mmoliL)

Figure 2. Lactate blood level and heart rate of athletes.
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