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Abstract

Suitable sports shoes are one of the best available methods to change the biomechanical pattern of running and
cause to improve sports performance of athletes. This study aimed to investigate the effect of increasing the
mass of shoes on a selection of mechanical components of running and ankle kinematics of recreational runners.
The research participants were 12 young men aged 19 to 25 years who had been running for at least one to three
days a week for the past six months. To simulate heavy shoes, a 250-gram sandbag was attached to the shoes
of the participants. After reflective marker placement, their running pattern was recorded in three dimensions
on a treadmill at a speed of 10 km/h in two stages (with and without additional load). The examined components
included vertical displacement of the center of mass, angle between the shin and ground, heel whip, heel
clearance, angle between foot and ground, dorsi-plantar flexion angle, maximum eversion, and foot pronation
velocity. There was a difference of 1.3 cm in the hill clearance component and 1.1 degree in the dorsiplantar
flexion angle of heavy shoes compared to light shoes. Based on the results of the research, it seems that using
sandbags to increase the mass of the shoe can cause an increase in ankle eversion in recreational runners.
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Extended Abstract

Background and Purpose

Running has many advantages, but it can also cause injuries. The reason for the occurrence of most
of these injuries is the application of excessive force and tension to the skeletal-muscular structures,
caused by frequent minor injuries and biomechanical inefficiencies during running (1, 2). Suitable
sports shoes are one of the best available methods to change the biomechanical pattern of running,
cause to improve sports performance and reduce injuries of athletes (3). Sports shoes are the only
interface between the ground and the athlete's body and play a major role in the biomechanics of
stepping and managing running injuries (4). As a result, it is important to examine the variables of
vertical displacement and speed and ankle movement angles in running and in relation to the effect
of shoe mass on performance during running. Therefore, the purpose of this study was to investigate
the effect of increasing the mass of shoes on a selection of mechanical components of running and
ankle kinematics of recreational runners. SPSS 26 was used to process and check the statistical
differences between the methods.

Materials and Methods

The participants of this study were 12 young men aged 19 to 25 years who had been running for at
least one to three days a week for the past six months. In addition, during this period, none of these
subjects had a history of injury, pain or abnormality in their lower extremities. To simulate heavy
shoes, a 250-gram sandbag was attached to the participants’ shoes . After reflective marker placement,
their running pattern was recorded in three dimensions on a treadmill at a speed of 10 km/h in two
stages (5). The data collection process continued for at least one minute after the treadmill speed was
fixed with a data collection speed of 120 frames per second so that at least 20 complete gait cycles of
the subjects' running were recorded (6). The data collection process was repeated 3 times to ensure
that all the data were available (with and without additional load). Motion data collection was done
in order to extract the kinematic factors of running during the whole test. Motion information obtained
from gate analysis was smoothed using the 4th order Butterworth filter with a cutoff frequency of 16
Hz before performing inverse kinematics and turning into joint angles. Data processing was carried
out in MATLAB software and by the code of the researcher. The examined components included
vertical displacement of the center of mass, angle between the shin and ground, heel whip, heel
clearance, angle between foot and ground, dorsi-plantar flexion angle, maximum eversion, and foot
pronation velocity. Descriptive statistics were used to describe the research variables. Shapiro-Wilk
test was applied to check the normality of the data. Paired t-test was also used at a significance level
of 0.05 to compare the variables in two modes of running.

Findings

Most of the subjects chose the landing pattern on the heel in both modes of running, and their ankle
was in plantar flexion at the moment of initial contact. The values of plantar flexion in running with
heavy shoes were a little higher than running with light shoes, and the difference was significant (P
= 0.032). In addition, in the variables of emergence in the stance phase and the maximum speed of
wrist pronation, there was no statistically significant difference between the two modes of running
with light and heavy shoes, but the speed of wrist pronation was higher when using light shoes.
Further, the runners in the study had an inward heel wipe. Although the values of heel wipe with light
shoes were nearly two degrees higher than running with heavy shoes, no significant difference was
observed (P = 0.470). The participants had over stride while running on the treadmill because the
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angle of the shank with the ground was negative. These values were very close to each other in the
two modes of running with light and heavy shoes, and of course no statistically significant difference
was observed between the two modes; however, running with heavy shoes led to more heel height (P
=0.039). In general, increasing the vertical fluctuations of the center of mass during running can take
a lot of energy from the runner and lead to its loss. According to the study’s results, increasing the
mass of the shoe does not cause any change in the displacement values of the center of mass and does
not lead to a statistically significant difference between the two modes of running. The angle of the
foot with the ground at the beginning of the stance phase determines the forefoot or rear foot contact
strategy. According to the results of the study, it was a difference of 1.3 cm in the hill clearance
component and 1.1 degree in the dorsiplantar flexion angle of heavy shoes compared to light shoes.

Conclusion

As the study’s findings showed, the maximum ankle eversion in using heavy shoes is more than light
shoes. It can be mentioned that due to the same treadmill speed and stepping frequency of the subjects
in two stages, the range of motion increases in a fixed period of time can lead to a decrease in speed.
Hence, increasing the speed of ankle pronation can be justified. Another point that should be
considered in relation to the movement pattern of the foot while running with light and heavy shoes
is the comparison of the cycle gate percentage between the two modes. All in all, it can be pointed
out that based on the study’s findings, it seems that using sandbags to increase the mass of the shoe
can cause an increase in ankle eversion in recreational runners.

Keywords: Running, Shoes Mass, Ankle, Injury Prevention

Article Message

In recent studies, the role of using lighter shoes to reduce energy consumption was proven. Since
these physiological changes are caused by biomechanical adjustments in movement, the role of a
number of biomechanical components in greater movement efficiency during running with light and
heavy shoes was investigated. Using heavier shoes led to changes in these biomechanical
components. These minor changes increased the amount of mechanical work and led to an increase
in energy consumption and consequently an increase in the risk of injury during running in amateur
and recreational runners. Accordingly, using lighter shoes can reduce possible injuries and reduce the
risk of injury in the long term.
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Table 1- Shapiro-Wilk test results to check the normality of data distribution
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Figure 3- Movement pattern of the wrist joint around three movement axes in running with light and
heavy shoes
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