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ABSTRACT

(Ol Attention can be paid to the biomechanical characteristics of running

Article Info: since the speed of running varies. The aim of the present study was to investigate
the effects of increasing running speed on the three-dimensional kinematics of the

Received: 10 Feb 2022 lower limb joints in the stance phase.

Accepted: 29 Aug 2022 M The research was quasi-experimental. 27 volunteer subjects ran on a

Available Online: 22 Sep 2022 treadmill and the kinematic and kinetics data were collected through a three-

dimensional system at three speed levels (2.5, 3.5, and 4.5) m/s. kinematics and
kinetics data were recorded by 12 cameras (120 Hz) and force platform (150 Hz),
respectively. The stance phase was derived according to the ground reaction Force
value of the force platform. Hip, knee and ankle kinematics including peak of the
absolute angles in three dimensions and three speeds were calculated for further
analysis. Repeated measurement with Bonferroni post Hoc tests were employed to
investigate the differences between the variables in three dimensions using SPSS
software (P <0.05).

m The results showed that during increasing speed, significant differences

Keywords: were observed in frontal (2.5 & 3.5, 2.5 & 4.5 m/s) and sagittal (2.5 & 3.5. 2.5 & 4.5,

3.5 & 4.5 m/s) planes in hip as well as only in transverse (2.5 &4.5, 3.5 & 4.5 m/s)
Running, Lower Limb, plane for knee. No significant differences were obvious in peak of ankle joints during
Kinematics increasing speed in all three planes.

The results of the present study showed that hip and knee joints are
more susceptible to changes of kinematics behavior during running progressively.
Ankle joint seems to be more stable during the progressive running situation.
Coaches and athletes may also enhance their performance using the results of the
present study.
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1. Introduction

Running is a fast form of movement of the human body on the ground, which is characterized by alternating
movement of the human body. Therefore, running, in its various forms, is a basic skill for performing a
variety of sports activities (1). Knowledge of the biomechanical performance of lower limb muscle groups
and joints across a wide range of running speeds is important in improving the existing understanding of
high performance in the athlete as well as in helping to identify factors that may be associated with injury
(3). Many lower limb muscles and joints that play an important role during running have specific actions
that are not limited to one anatomical level (3). Consequently, running is controlled by coordinated muscle
and joint activity at all three anatomical levels, suggesting that any research on the biomechanics of running
should ideally be approached from a three-dimensional perspective (3). Therefore, the aim of this study is
to investigate the effect of speed on the parameters obtained from kinematic analysis in the lower limb
during the stance phase of running at different speeds (2.5, 3.5 and 4.5 m/s) in all three movement planes.
It was assumed that running speed has a significant effect on the peak values of movements in all three
sagittal, frontal, and transverse planes in the hip, knee, and ankle, and considering these limitations, more
research is needed to create a more complete analysis of the effects. Increasing the running speed on the
lower limb joint kinematics is required.

2. Methods

The current research was semi-experimental. Through available sampling, 28 subjects voluntarily
participated in the current research. The inclusion criteria of the subjects included elite runners who had a
minimum average speed of 1 km/5 min during 10 km races for more than 20 km per week and were
completely familiar with running on a treadmill. The criteria for leaving the subjects was any injury or
neurological and muscular disorders that would endanger the health of the person and the process of
conducting this research. The study was conducted in the Biomechanics and Movement Control
Laboratory of the Federal University and was approved by the ethics committee of this university with the
code of ethics (CAAE:53063315.7.000.5594). Written and informed consent was obtained from the
participants before conducting the study. Subjects ran on the equipped treadmill at three speeds (2/5, 3/5,
4/5) while the kinematic data were collected through a 3D system in the stance phase of running by
recording 12 cameras with resolution 4, Cortex 0.6 and 4 software. Motion analysis was collected.

The normality and homogeneity of variance of the hypotheses of the dependent variables were tested using
Bartlett and Lunn tests. A repeated measurement test was performed to measure the angles of the dominant
hip, knee and ankle joints in the stance phase of running in three planes. Statistical calculations were also
done in SPSS software. A significant level was considered for all statistical analyzes (P<0.05).

3. Results

The results of descriptive statistics and demographic parameters including height, weight and age of
subjects are shown in Table 1. The results of descriptive statistics and inferential statistics are presented
in Table 2.

In descriptive statistics, the mean and standard deviation of hip, knee, and ankle joint angles in three planes
of motion, in three speeds, and in inferential statistics, according to the results of the follow-up test, in the
angles of the lower limb joints during running in the stance phase in motion planes. Sagittal, frontal and
transverse were discussed, which include the following. There was a significant difference in the maximum
changes of the hip joint angles in the frontal plane (x) in all three speeds, in the transverse plane () in 3.5
and 4.5 speeds, and in the sagittal plane in all three speeds. There was a significant difference in the
maximum changes of the knee joint angles only in the frontal plane at the 4.5 speed with the other two
speeds. There was no significant difference in the maximum changes of ankle joint angles in any of the
planes and speeds. There was a significant difference in the minimum changes of the hip joint in the frontal
plane at each speed, in the transverse plane at 3.5 speeds, and in the sagittal plane at all three speeds. There
was no significant difference in the minimum changes of the knee joint in the frontal plane in any of the
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planes and speeds. There was a significant difference in the minimal changes of the ankle joint in the
frontal plane at all three speeds, the transverse plane at 2.5 speeds with the other two speeds, and the sagittal
plane at all three speeds (P<0.05).

Table 2: Comparison of the angles and range of motion of the lower limb joints in the stance phase.

variables  Speed direction mean SD direction mean SD  direction mean SD
(mf/s)
25 X'max  8.82%54% 231 Xmin -1.09%%45 239 Xrom 9.91%%45 1091
35 10.55%5 244 -2.15%%45 261 6.09%%45 252
45 11.13%% 3.79 -2.982535 291 12.092535 334
a 25 Ymax 4.19 4.45 Ymin -5.06%° 4.00 Yrom 9.2545 2.79
T 35 3.96%° 5.19 3.96%%45 519 11.16 3.92
45 3.33%° 5.32 -5.30%° 9.85 12.73%5 25
25 Zmax -2.57%545 4.48 Zmin -2.57%545 4,48 Zrom 36.39°° 473
35 36.70%54°  9.66 -5.462%45 5,09 33.38%54%  4.36
45 40.20%%35  10.71 -8.352%35  6.06 36.62%5 4.16
25 X max 6.14 3.70 Xmin 0.04 2.90 Xrom 12.713545 242
35 5.70 4.05 -0.28 3.45 5.902%45 265
45 4.74 6.20 0.13 3.19 14.76*%3%  3.08
- 25 Ymax  -7.80% 6.39 Ymin -18.97 6.70 Yrom 10.194° 3.27
z 8 35 -7.09%5 7.07 -16.49 14.1 12.25 457
S ¥ 7
E 45 -5.50%535 6.83 -18.85 7.71 13.91%% 2.66
25 Zmax  42.83 5.82 Zmin 9.45 5.03 Zrom 44013545 4.49
35 42.32 8.56 9.04 4.95 34.64%5 4.42
45 42.33 12.89 11.36 8.56 37.412° 5.21
25 X max 5.33 5.56 Xmin - 454 Xrom 14.66%° 2.88
14.063'5'4'5
35 5.9 6.41 -7.32%% 7.25 6.312%45 297
45 8.86 9.27 -8.69%° 6.43 16.89%% 2.97
o 25 Ymax  14.32 3.65 Ymin 1.58%° 3.63 Yrom 11.89%%4%  7.48
g 35 14.54 4.05 1.65 591 14.70%% 7.55
45 14.83 4.33 0.602° 4.03 15.35%° 6.28
25 Zmax 22.55 2.90 Zmin -14.06*° 454 Zrom 49.26%5*5 9,93
35 21.22 7.69 -14.64 6.45 33.76%545 481
45 22.98 2.30 -17.1728 414 39.192%3% 594

4. Conclusion

The aim of this study was to increase the speed of running on the three-dimensional kinematics of the lower
limb joint angles in the stance phase. In this study, the maximum, minimum and range of motion parameters
of the lower limb joints were examined in three planes by two participants at speeds of 2.5, 3.5, and 4.5
m/s.

The findings of this research showed that changes in running speed had an effect on some three-
dimensional kinematic parameters of the lower limb joints in the stance phase. These results showed that
any change in the angles of the joints of the lower limbs can help to optimize a person's performance or
cause risk factors of injury in daily activities such as walking, running and other activities. It is suggested
that this factor should be taken into consideration in the design of training programs in order to improve
the performance and execution of skills, as well as the analysis of movement related to running speed, and
it can also play a very important role as a way to prevent these risk factors.
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There is a lot of evidence that running has many health benefits, but finally knowing the kinematic
parameters and mechanical properties of lower limb joints can be essential in maintaining and optimizing
performance during running.
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