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Abstract
Introduction. This paper aimed to establish relationships between the level of functional and dynamic asymmetry in advanced
and intermediate-level runners and running velocity. Furthermore, evaluation of dynamic symmetry (running and vertical
jump) was made using indices, taking into account the continuous character of the signals of the ground reaction force and
angular positions in individual joints of the lower limb. Material and methods. Symmetry was assessed in a group of 12 Polish
elite female middle-distance runners for the following parameters: 1) strength of lower limb muscles, 2) impulse of the vertical
component of the ground reaction force during a CMJ jump, and 3) kinematics of a 50-m run in a straight line. Results. More
advanced athletes (group A) were significantly taller and stronger than the athletes with less training experience (B). They were
also characterized by a significantly longer step, a more extended swing phase, and a shorter support phase. There were no statistically significant differences between groups A and B in the level of asymmetry. Running velocity was significantly influenced
by muscle strength symmetry (b = −5.77; p < 0.01) and support phase time symmetry (b = −6.64; p < 0.03). A reduction in each
of these indices leads to an increase in running velocity. Conclusion. No morphological or functional asymmetry was found in
female middle-distance runners with different training experience.
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Introduction
For middle-distance runners, running on a track is generally
considered to be a cause of movement asymmetry. According to
Alday and Frantz [1], the length of the inner curve of a 400-m
track is 57.8% of the total distance. Given that during stadium
events, athletes run in a constant counter-clockwise direction,
the body remains positioned asymmetrically for more than half
of the distance. This effect is magnified by training. This causes
changes in running technique in the form of, for example, more
pronounced flexion in the knee joint of the inner (left) limb [2].
Significant differences in the technique of running in a straight
line and on a curve were also found in athletes with prostheses,
or for running in opposite directions [3, 4, 5, 6, 7]. Beck et al.
[8] showed that the increase in running asymmetry manifesting in a 10% time difference in the support phase is associated
with a 7.8% increase in the metabolic cost of locomotion. Many
authors have analysed the relationships of kinetics, kinematics,
and economy of running with running velocity [9, 10, 11, 12].
It was found that shortening the time of foot contact with the
ground is positively correlated with running velocity but negatively correlated with its economy, defined as oxygen consumption [10]. Saunders at al. [13] enumerated many morphological,
psychological and biomechanical factors, including, among
others, optimal stride length and minimal vertical fluctuations
in the centre of body weight, that improve running economy,

but they failed to mention movement asymmetry. Also in the
study by Brughelli et al. [10], the relationship between movement asymmetry and running velocity was not analysed, but the
authors focused on the relationship between stride length and
stride frequency and ground reaction force. It has also been observed that body kinematics changes significantly with acceleration during running [14, 15]. Furthermore, in the initial phase
of a sprint, more substantial differences were found for stride
length and stride duration [16, 17]. Few studies have described
the level of movement asymmetry in running and its effect on
running velocity in the phase of maximum speed.
However, in the case of human gait, the procedure of movement asymmetry analysis is commonly used for evaluating the
correctness of gait or the progress of treatment and for predicting injuries [18, 19, 20, 21, 22]. Evaluation of gait asymmetry was
initially based on the analysis of indicators derived from characteristic phases of movement, such as the initial contact and
terminal stance (heel-off) phases [23, 24]. Nowadays, movement asymmetry is assessed using more advanced parameters.
Zifchock and Davis [25, 26] developed an asymmetry coefficient
based on the geometric approach. Exell et al. [27] developed it
into an index that took into account the velocity of the left and
right limb, termed kinematic asymmetry score (KMAS). However, these methods still use input data from single time points.
Few studies have attempted to take into account the entire
curves describing, for example, angular positions in individual
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