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ABSTRACT

S Running is known as one of the most popular sports for which there is no

Article Info: time and space limit. Recently, due to lifestyle changes, the use of treadmills for
walking and running has increased. However, the biomechanical differences in
coordination between running on a treadmill at different speeds have not been
Accepted: 28 Sep 2022 sufficiently addressed. The aim of this study was to investigate the effect of
Available Online: 21 Dec 2022 increasing running speed on three-dimensional changes of lower extremity joint
angles in the open motor chain and swing phase.
M 28 elite runners participated in this study. Subjects ran on an equipped
treadmill while kinematic running data was recorded for 30 seconds through a three-
dimensional 12-camera motion recording system at speeds of 2.5,3.5and 4.5m/s.
Data were normalized based on the subjects' body mass as well as 101 time points
in the running cycle. The normality and homogeneity of variance of the dependent
variable were tested using Bartlett and Leven’s tests. Repeated measurement test
was performed to measure the angles of the pelvis, knee and ankle between the
dominant and non-dominant lower limb joints in the running swing phase.
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Keywords: m In the range of motion of hip, knee and ankle joint, there were significant
. . differences among all the three speed rates of 2.5, 3.5 and 4.5 on all planes.

Running, Swing phase, Changes in the angle and range of motion of the hip, knee and ankle

Kinematics, Lower limbs joints are significantly greater in the swing phase as the running speed increases.

Due to the fact that in high-speed running, the stability of the body decreases, the
central nervous system commands to increase the range of motion of the angle of
the mentioned joints to regulate the structure of the body and reduce the instability
in response to the applied disorders. The results also show that the ankle joint, as
the closest joint in contact with the ground, helps to run faster and more efficiently
by increasing changes in the angle and range of motion of the ankle joint during
running, and by reducing the time of foot contact with the ground at each step. It
can be concluded that this point is effective in increasing speed.
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1. Introduction

Running is known as one of the most popular sports and has no time or place limitations. There is a lot of
evidence that running has many health benefits (1). On the other hand, the risk of injury is an important
concern for runners. Biomechanical factors, such as peak moment, peak knee abduction, peak foot
eversion, etc., have been shown to predict lower limb injury (2). Identifying the different effects of running
speed on the movement variability of lower limb joints can yeild more detailed information about the effect
of different running speeds on the joints. As the walking speed increases, the length of the swing phase
gradually decreases from 62% to 31% and for running to 22% (3). Recently, due to lifestyle changes, the
use of treadmills for walking and running has increased. However, the biomechanical differences in
coordination between running on a treadmill or on the ground have not been adequately addressed (4). This
study was conducted with the aim of investigating the effect of increasing the running speed on the three-
dimensional changes of the joint angles of the lower limbs in the open chain of motion and the swing phase.

2. Methods

28 healthy male subjects who were selected through available sampling method participated in the study.
This research was conducted in the Biomechanics and Movement Control Laboratory of the Federal
University (UFABC) and was approved by the ethics committee of this university with the ethics code
(53063315.7.0000.5594). Written consent was obtained from all subjects to participate in this research.
The participants into the research included runners who ran more than 20 km per week, their minimum
average running speed during the 10 km race was 1 km in 5 minutes and were familiar with running on a
treadmill. Exclusion criteria included having any skeletal and neuromuscular movement disorders or using
any assistive devices. In this research, 12 cameras with a resolution of 4 MB were used with Cortex 6
software and Santa Rosa motion analysis, which were located at a height of 2.8 meters from the ground.
Normality and homogeneity of variance of dependent variables were tested using Bartlett and Leven’s
tests. The repeated measure test was used to measure the angles of the hip, knee and ankle between the
joints of the dominant lower limb in the swing phase of running. Statistical calculations were performed
using SPSS software.

3. Results

Descriptive statistics were used to calculate the mean and standard deviation to evaluate the normality of
data distribution. In inferential statistics according to the results of the follow-up test, the angles of the
lower limb joints during running in the swing phase were studied in the sagittal, frontal and transverse
planes of motion. The findings are as follows:

In the hip joint in the frontal plane around the sagittal (X) axis, there was a significant difference in the
maximum, minimum and range of motion angles between all speeds. In the transverse plane around the
vertical axis (YY) at the maximum angle, there was no significant difference between 2.5 and 4.5 speeds, as
well as 3.5 and 4.5 speeds, but there was a significant difference between 2.5 and 3.5 speeds. There was
also a significant difference in the minimum angle and range of motion between all speeds. In the sagittal
plane around the frontal axis (Z), there was a significant difference in the maximum, minimum and range
of motion angles between all speeds.

In the knee joint in the frontal plane around the sagittal (X) axis, there was a significant difference in the
maximum angle and range of motion between all speeds, but there was no significant difference in the
minimum angle. In the transverse plane around the vertical (Y) axis, there was a significant difference in
the maximum, minimum and range of motion angles between all speeds. In the sagittal plane around the
frontal axis (Z), there was a significant difference in the maximum angle and range of motion between all
speeds, but no significant difference was observed in the minimum angle.

In the ankle joint in the frontal plane around the sagittal (X) axis, there was a significant difference in the
maximum, minimum and range of motion angles between all speeds. In the transverse plane around the
vertical axis (), there was a significant difference in the minimum angle and range of motion between all
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speeds, also there was a significant difference in the maximum angle between 2.5, 3.5 and 4.5 speeds;
however, between 3.5 speeds and 4.5, there was no significant difference in the maximum angle. In the
sagittal plane around the frontal axis (Z), there was a significant difference in the minimum angle and range
of motion between all speeds, but there was no significant difference in the minimum angle (P<0.05).

4. Conclusion

In the examination of thigh abduction and adduction in the frontal plane during running in the swing phase,
it was found that there was a significant difference in the hip joint angles in all three running speeds, and
it could be argued that with increasing speed, the amount of joint changes and range of motion of the thigh
in the frontal plane would increase. In the external rotation of the thigh in the transverse plane, there was
no significant difference between the speeds of 2.5 and 4.5, as well as the speeds 5.3 and 5.4, but there was
a significant difference between the speeds 2.5 and 5.3. In internal rotation, there was a significant
difference between all speeds, and it can be stated that with the increase in speed, the amount of joint
changes and the range of motion of the thigh in the transverse plane increased. There was a significant
difference in thigh flexion and extension in the sagittal plane in all three running speeds, and we reached
the conclusion that with increasing speed, the amount of joint angle changes and the range of motion of the
thigh in the sagittal plane increased. This study is consistent with the research of Strozik et al. (6) and
Aghaei Attabadi et al. (11) while it was inconsistent with the research of Tominaga et al. (12).

In the examination of knee abduction in the frontal plane, there was a significant difference in all speeds,
but there was no significant difference in knee adduction in all three speeds, and we concluded that with
increasing speed, the amount of joint angle changes and the range of motion in the frontal plane of the knee
increased. There was a significant difference in external rotation and internal rotation of the knee in the
transverse plane at all three speeds, and it can be said that with the increase in speed, the amount of joint
angle changes and the range of motion of the knee in the transverse plane increased. There was a significant
difference in knee flexion in the sagittal plane in all three running speeds, but there was no significant
difference in knee extension in all three running speeds, and it can be argued that with increasing speed,
the amount of joint angle changes and range of motion increased. In the investigation of inversion and
eversion of the ankle in the frontal plane, there was a significant difference in all three speeds, and it can
be said that with the increase in speed, the rate of changes in the joint angles and range of motion of the
ankle in the frontal plane increased. This study was consistent with Cowan et al. (8) and Aghaei Attabadi
etal. (11) and inconsistent with the research of Tominaga et al. (12).

In the analysis of ankle abduction in the transverse plane in all three speeds, except for 3.5 speed and 4.5
speed, there was a significant difference, but in ankle adduction in all three running speeds, there was a
significant difference, and it implies that with increasing speed, the amount of changes in Joint and range
of motion of the ankle in the transverse plane increased. There was no significant difference in ankle
dorsiflexion in the sagittal plane in all three running speeds, but there was a significant difference in
plantarflexion in all three running speeds, and it can be concluded that with increasing speed, the amount
of joint angle changes and ankle range of motion in the sagittal plane would increase. This study was
consistent with Quan et al. (8) and Strozik et al. (6) and inconsistent with Tominaga et al.'s (12) research.
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