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Abstract

The purpose of the current study was to determine allometric equations for leg stiffness,
the main parameter of elastic behavior of the human body. Totally, 30 young healthy
men participated voluntarily in this study and performed a vertical hopping test on a
force plate and in front of a high-speed camera. Leg stiffness was calculated, and its
relationship with individual characteristics such as body mass, height, body mass index
and age was determined by Pearson correlation test, and the allometric equations were
formed by regression analysis. Positive significant correlations were observed between
leg stiffness of the controlled hopping test and body mass. Allometric scaling equations
were Kpiaera=190M* for bilateral leg stiffness, Kdominan=501M%8* for dominant leg
stiffness and Krnondominant=549M°€? for non-dominant leg stiffness. These equations can
help in the correct normalization of the elastic behavior of the human body and allow the
estimation of leg stiffness based on body mass.
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Extended Abstract

Objectives

Elastic behavior of the human body, an important factor for stretch-shortening
cycle efficiency, perturbation control and force transmission in the
musculoskeletal system, is measured by hopping test (1). Leg stiffness is the
most important parameter of this test, as it indicates the resistance of the leg
spring to compression. Various methods have been utilized by researchers to
normalize this variable to body size.. However, allometry could be a more
effective scaling method that has been usually neglected in human movement
studies (2). Furthermore, the formation of the allometric equations can be
helpful in the estimation of the leg stiffness from body size parameters. The aim
of the current study was to determine allometric equations for leg stiffness
during hopping in different styles and strategies.

Materials and Methods

Totally, 30 young healthy men participated voluntarily in this study and
performed vertical hopping test in three styles (bilateral, on dominant leg and
non-dominant leg) and three-movement strategy (preferred, controlled and
maximal) on a force plate and in front of a high-speed camera. The sampling
frequency was 300 Hz for video recording and 500 Hz for force acquisition.

The study was reviewed in the Research Ethics Committee of Sport Sciences
Research Institute of Iran and was approved in accordance with the ethical
principles as well as national norms and standards for conducting Medical
Research in Iran, with the code IR.SSRC.REC.1399.112. All procedures were
explained to each subject thoroughly before signing the informed consent. After
that, they were allowed to do a 5-minute warm-up and train adequately to adapt
to the test conditions.

As the leg behavior in the contact time of the hopping task is similar to a linear
spring, the leg stiffness (K) can be defined as the ratio of maximum ground
reaction force (Fmax) to maximum compression of the leg during the eccentric
phase of the contact time (AL). A self-written MATLAB code helped us to
calculate the leg stiffness in 9 (3 styles x 3 strategies) conditions.

Body mass (M), height (L), the ratio of height to mass (L/M), body mass index
(BMI) and age were considered as the predictive variables and leg stiffness was
the criterion variables. Pearson correlation test and regression analysis were
applied to determine the relationship between predictive and criterion variables.
Regression analysis was also done between log(predictive) and log(criterion) to
establish the allometric equations. If R? of the regression line were statistically
significant (p < 0.05), an allometric equation would be formed. The regression
line slope was considered as the allometric power.
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Findings

Based on the results of descriptive statistics, mean and standard deviation were
67.67+8.20 kg for body mass, 1.77+0.06 m for height, 0.026+0.003 m/kg for
height to body mass ratio, 21.69+2.63 for body mass index and 22.28+2.88 yrs
for age. The leg stiffness in all conditions was 17004+4608 N/m.

When applying the preferred or maximal strategy for the hopping test, there
were no statistically significant correlations between the leg stiffness and none
of the individual characteristics (p>0.01). However, significant relationships
were observed between leg stiffness during the controlled hopping test and some
predictive variables (p<0.01). In this case, correlation coefficients of Kyijaterar t0
M, L/m and BMI were relatively 0.53, -0.49 and 0.44, correlation coefficients of
Kdominant t0 M, L/m and BMI were relatively 0.59, -0.56 and 0.49, and correlation
coefficients of Knondominant t0 M, L/m and BMI were relatively 0.61, -0.60 and
0.51. Obviously, body mass was the most correlated variable to leg stiffness;
The negative and positive correlations of two other parameters are because of
the appearance of M in their calculation formulas. It wasn’t found any
significant relationships between leg stiffness and height or age.

In accordance with the Pearson correlation test, regression analysis parameters
were statistically significant just for the leg stiffness measured by the controlled
hopping test. Body mass was the only predictive variable entered into the
regression line equation. R?, B and C have been reported in table 1. The slope of
the M-K regression line was 323, 203 and 196 for bilateral, dominant and non-
dominant hopping relatively.

The most important findings of this study were the allometric equations
presented in Table 1. Regression analysis of log(predictive variables) and
log(criterion variable) was also successful just for controlled hopping and
log(M) was the only variable entered to it. B is the allometric power of M and
10° is the constant coefficient of M in the allometric equation. The equation
established for bilateral leg stiffness is clearly different from the two others. The
allometric power was more than 1 and less than 1 relatively for bilateral and
unilateral conditions. Allometric equations for dominant and non-dominant leg
stiffness were approximately identical, showing the lateral asymmetry between
two legs in a controlled hopping task.
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Table 1- the Results of Regression Analysis of Leg Stiffness Variables in Controlled
Hopping and the Allometric Scaling Equations

regression analysis of K and regression analysis to the formation of
. individual characteristics allometric equations
variables
R? B C R? B C allometric equations
. 323 -1961 1.10 2.28 n _ 11
Kbilateral 0.28 (0.00* (0.77) 0.29 (0.00)* (0.00) Kbilateral=190M
. 203 3750 0.84 2.70 o 084
Kdominant 0.35 (000)* (030) 0.36 (000)* (OOO) Kdominant=501M
. 196 4160 0.82 2.74 - 0.82
Knondominant 0.37 (000)* (022) 0.40 (000)* (OOO) Krondominant=549M
*<<0.05
Conclusion

The results of this study indicated that the scaling method for leg stiffness
normalizing was dependent on the task conditions. It seems when hopping is
performed maximal or preferred by subjects, leg stiffness is independent of
individual characteristics and do not need to normalize. However, the leg
stiffness measured during 2.2 Hz controlled hopping should be normalized to
body mass. Previous studies have typically utilized the absolute or
dimensionless values of leg stiffness or have normalized it to body mass. The
base of this normalizing is the research conducted by Farely et al. (1993) on
several species of mammals (3). They reported allometric equation of K o< m%67
for horizontal movement of mammals. Although our study can approve the
dependence of leg stiffness on body mass under certain conditions, the
allometric scaling parameter differs from the previous study and may be variable
depending on the assumed exercise styles. This study can be useful for
normalizing leg stiffness and estimating it from body mass. More extensive
allometric studies are required to make final decisions on the normalization of
the elastic behavior of the human body during different movements with body
size.
Keywords: Elastic behavior, Leg stiffness, Allometry, Body size, Normalizing
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