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KEYWORDS Abstract This study analyzes vertical stiffness as a global parameter that could be directly
Stiffness; associated to sprinter’s performance. We evaluated vertical stiffness, performance, heart rate
Sprint; and lactate concentration on fifteen male sprinters that ran on a treadmill at gait transition
Biomechanics; speed and 13kmh~". Vertical Stiffness was determined by the ratio of the vertical accelera-
Performance tion peak and maximum displacement of the center of mass. Physiological parameters were
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measured throughout the experimental procedure and performance was estimated by athlete’s
time records on 100 m track race. As expected, vertical stiffness and heart rate increased with
running speed. We found a high correlation between heart rate and vertical stiffness at gait
transition speed. However, at 13kmh~', lactate peak showed a higher correlation with vertical
stiffness, suggesting a greater participation of the anaerobic system. An inverse relationship
between performance and vertical stiffness was found, where faster athletes were the stiffer
ones. Performance and lactate peak presented the same inverse relationship; faster athletes
had higher lactate peaks. As a result, faster athletes were stiffer and consume more energy. All
in all, these findings suggest that mechanical stiffness could be a potential global parameter to
evaluate performance in sprinters.

© 2016 Colégio Brasileiro de Ciéncias do Esporte. Published by Elsevier Editora Ltda. All rights
reserved.

Rigidez mecéanica: um parametro global associado com desempenho em velocistas
de elite

Resumo Este estudo analisa a rigidez vertical como um parametro global que poderia ser dire-
tamente associado ao desempenho em velocistas. Avaliou-se a rigidez vertical, o desempenho,
a frequéncia cardiaca e a concentracao de lactato em 15 velocistas do sexo masculino, todos
altamente treinados, que correram em uma esteira a velocidade de transicdo e a 13km.h~".
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Introduction

A rigidez vertical foi determinada pela razao entre o pico de aceleragao vertical e o desloca-
mento maximo do centro de massa. Os parametros fisioldgicos foram mesurados na coleta de
dados e o desempenho foi estimado por registros de tempo em 100 metros de corrida. Como
esperado, a rigidez vertical e a frequéncia cardiaca aumentaram com a velocidade. A rigidez
e a frequéncia cardiaca obtiveram alta correlacdo na menor velocidade. Contudo, a 13 km.h~’
o pico de lactato mostrou alta correlacao com a rigidez, o que sugere uma maior participacao
do sistema anaerobico. Uma relacao inversa foi achada entre rigidez e registros de tempo, nos
quais os atletas mais rapidos sao os mais rigidos. Além disso, os atletas mais rapidos foram os
que apresentaram os maiores picos de lactato. Assim, este estudo sugere que a rigidez vertical
poderia ser um parametro global para avaliar o desempenho dos velocistas.

© 2016 Colégio Brasileiro de Ciéncias do Esporte. Publicado por Elsevier Editora Ltda. Todos os
direitos reservados.

Rigidez mecanica: un parametro global asociado con el rendimiento en velocistas
de élite

Resumen Este estudio analiza la rigidez vertical como un parametro global que podria estar
directamente relacionado con el rendimiento en velocistas. Se evaluo la rigidez vertical, el
rendimiento, la frecuencia cardiaca y la concentracion de lactato en 15velocistas de sexo
masculino, muy entrenados, que corrieron en una cinta a la velocidad de transicion y a
13km/h~". La rigidez vertical se calculd por el cociente entre el pico de aceleracion verti-
cal y el desplazamiento maximo del centro de masa. Los parametros fisiologicos se midieron
durante el procedimiento experimental y el rendimiento se estimé a través del tiempo de cada
atleta en 100 m llanos. Como era de esperar, la rigidez vertical y la frecuencia cardiaca aumen-
taron con la velocidad. Se encontré una alta correlacion entre frecuencia cardiaca y rigidez
vertical a la velocidad mas baja. Sin embargo, a 13km/h~", el pico de lactato mostrd una alta
correlacion con la rigidez vertical, lo que sugeria mayor participacion del sistema anaerobico.
Se encontro una relacion inversa entre el rendimiento y la rigidez vertical, donde los atletas mas
rapidos fueron mas rigidos. Asimismo, el rendimiento y el pico de lactato presentaron la misma
relacion inversa; los atletas mas rapidos mostraron los picos mas altos de lactato. Por consi-
guiente, los atletas mas rapidos fueron mas rigidos y consumieron mas energia. Estos resultados
sugieren que la rigidez mecanica podria ser un parametro global para evaluar el rendimiento
de los velocistas.

© 2016 Colégio Brasileiro de Ciéncias do Esporte. Publicado por Elsevier Editora Ltda. Todos los
derechos reservados.

Assuming the spring mass model, previous studies have
used different methods and equipments for estimating

A running sprinter coordinates the actions of many muscles,
tendons, and ligaments in its leg so that the overall leg
behaves like a single mechanical spring during ground
contact (Farley et al., 1993). In fact, the simplest model of a
running sprinter is a spring-mass system consisting of a linear
spring representing the stance limb and a point mass equiv-
alent to body mass (Blickhan, 1989; Mcmahon and Cheng,
1990). During support, vertical force component is acting on
the spring and thus mechanical stiffness can be calculated
from the ratio of this force to the change in spring length.

The spring mass model has been used in optimization
studies (Alexander, 2003) and to test hypothesis that are
directly related to sport and training fields (Morin et al.,
2011; Di Michele et al., 2012). The reasons for using this
model in these areas are mainly its simplicity and globality
since evaluations generally have the tendency to analyze
one or a few parameters only.

mechanical stiffness when running (Brughelli and Cronin,
2008). One of the approaches most commonly used is verti-
cal stiffness (Kvert) (Mcmahon et al., 1987; Cavagna et al.,
1988; Morin et al., 2005, 2011; Di Michele et al., 2012).
This parameter relates to the peak vertical force and the
vertical motion of the center of mass during the contact
with the ground (Brughelli and Cronin, 2008). Both, the
force peak and the displacement of the center of mass
depend on muscular activation, fiber type and muscular
volume (Herzog, 2000) and is thought to influence sev-
eral athletic variables, including rate of force development,
storage of elastic energy, stride frequency, ground contact
time and sprint kinematics (Farley and Gonzalez, 1996;
Mcmahon and Cheng, 1990). In this way, changes in Kyert
could influence sprinter’s performance when running and
its quantification could provide a useful tool to evaluate
sprinters.
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