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Abstract

The aim of this study was to investigate the effect of exercise-induced fatigue on vertical
ground reaction force and loading rate during crossover landing. To do so, 15 healthy men
participated in this study. Peak and landing values of ground reaction forces (GRFs), time
to reach them and loading rate in participants before and after were extracted using Kistler
force plate. Results showed that the amplitude of the second vertical peak in force (Fz2)
(landing GRFs) reduced at toe contact with the ground but the amplitude of the fourth
vertical peak in force (Fz4) (landing GRFS) increased at heel contact with the ground. In
the fatigued conditions, subjects had faster time to peak of FZ4. Changing the components
of GRF and the time to peak of faster to vertical GRF when contacting feet with your
ground as a risk factor in the jump or landing. Therefore, providing strategies for
preventing this risk factor can play a very important role. Thus, it is suggested that
feedback due to changes in these biomechanical parameters complement the treatment and
prevention of these risk factors in the activity and rehabilitation of therapists,
physiotherapists and other groups.

Keywords: Keywords: Exercise-Induced Fatigue, landingLAnding, Ground Ground
Reaction Forces, Loading Loading Rate.

1. Email: mohamadrezajahanil370@gmail.com
2. E-mail: jalalvand_ali@yahoo.com



Jahani: Effect of Induced Fatigue on Ground Reaction... 78

Introduction

The aim of this study was to investigate the effect of exercise-induced fatigue on
vertical ground reaction force and loading rate in healthy subjects during
crossover landing. It is hoped that the results of this research will increase the
research knowledge of the scientific community and this will open a new window
in future studies in this field. The necessity of this study shows the extent to which
clarification of fatigue affects kinetic parameters in daily activities of individuals
and how difficult it is to perform their movements and also shows that these
studies are vital that can further explain the possible effects of anatomical
irregularities on neuromuscular and biomechanical functions of the lower limbs.
Considering the severity and relatively high prevalence of lower extremity injuries
in the general public and athletes during landing, this information can be useful in
finding mechanisms to prevent injuries and improve these injuries in the lower
extremities.

Materials & Methods

The statistical population of this study was male non-athlete healthy students of
the Islamic Azad University of Hamadan. The sample size was estimated using
GPower 3.1 software with a statistical power of 0.80, effect size of 0.80, alpha
level of 0.05 and the dependent t-test of 15 people. In order to avoid compensatory
joint movements above the hip, Vicon motion analysis system (four high-speed
infrared T-Series cameras) with a sampling frequency of 120 Hz and full-body
model was used. To measure ground reaction forces (GRF), a Kistler force plate
(600*400 mm) with the sampling frequency of 1000 Hz was applied. The data
were refined using Butterworth low-pass filter with 4 orders and a 20-Hz
frequency cutter (1). The test method was first used for the desired fatigue
prototyping on the German-made Monark Ergomedic 894E bike, and the special
prototyping was used to apply fatigue through the treadmill of Bruce modified
model, which is a multi-stage protocol (2). Borg modified scale was applied to
understand the severity of fatigue. The pressure perception scale is a technique
used to reduce the intensity of exercise and fatigue level (3). The subjects landed
on the force plate with six repetitions with the dominant foot, the mean correct
repetitions which were at least 4 repetitions were considered for statistical
calculations.

Findings

Comparison of the results of vertical ground reaction force (VGRF) components
showed that fatigue reduced the minimum VGRF in the toe to ground contact
(24.71%), indicating a high effect size (~1.5). Moreover, the results of the
minimum VGREF in the heel to ground contact showed that fatigue caused a higher
average of this component (15.72%), and the effect size was obtained at a high
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level (~0.91). Comparing the results of other components at the time to peak of
landing indicated no significant difference in the components of maximum VGRF
in the toe to ground contact and minimum VGREF in the heel to ground contact
before and after fatigue.

The results of time to peak the VGRF components at the landing demonstrated
that fatigue with a meaningful tendency reduced time to peak the minimum
vertical force of the "valley" reaction in the toe to ground contact (5.83%). In
addition, fatigue causes the time to reach the minimum vertical force component
of the reaction in the heel to ground contact at landing by reducing the time to
reach the minimum VGRF in the heel to ground contact (13.88%), which the
effect size was obtained at a high level (~0.71). However, comparing the results
of other components of time to peak the VGRF during landing indicated no
significant difference in time to peak the maximum VGRF in the toe to ground
contact, and the time to peak the minimum VGREF in the heel to ground contact
had the VGRF before and after fatigue. Comparison of the results of the pre- and
post-tests of landing rate indicated no fatigue effect on this parameter.

Conclusion

The results represented that fatigue affected lower extremity function during
landing and changed the characteristics of VGRF in minimal components, due to
the changes in GRF and faster time to peak the force components in this
movement, the risk of lower limb injuries increased. It should be noted that faster
time to peak of VGRF when the foot makes contact with the ground is considered
as a risk factor in jumps or landings. Therefore, providing strategies to prevent
this risk factor can play an important role. Therefore, it is suggested that feedback
from changes in these biomechanical parameters complement treatment strategies
and prevent these risk factors in the activity and rehabilitation of therapists,
physiotherapists and other groups.
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Figure 1- Division of different parts of forces and loading rate
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