Journal of

Research Paper

CrossMark

Comparison of the Three-Dimensional Mechanical Power of Dominant
Lower Limb Joints during Walking

*Razieh Yousefian Mollal!®), Heydar Sadeghi?®

1. Department of Sports Biomechanics, Central Tehran branch, Islamic Azad University, Tehran. Iran.
2. Department of Sports Biomechanics and Injuries, Faculty of Physical Education and Sports Sciences, Kharazmi University, Tehran, Iran.
3. Department of Sports Biomechanics, Kinesiology Research Center, Kharazmi University, Tehran, Iran.

Use yourdevice 0 scan and Yousefian Molla R, Sadeghi H. Comparison of the Three-Dimensional Mechanical Power of
Dominant Lower Limb Joints during Walking (Persian)]. Journal of Sport Biomechanics. 2024;10(1):70-81.
https://doi.org/10.61186/JSportBiomech.10.1.70

9. https://doi.org/10.61186/ISportBiomech.10.1.70

ABSTRACT

(Ol JEIGE Many studies have investigated the effect of mechanical power on the

Article Info: symmetry and asymmetry of the lower limbs and have discussed the differences in

the values of this parameter between the two limbs. Additionally, some studies have
Received: 11 June 2024 investigated and analyzed the types of mechanical power (propulsion and control)
Accepted: 20 June 2024 in joint movements. However, no study has yet examined and compared the muscle
Available Online: 21 June 2024 mechanical power among different joints of each limb, particularly the dominant leg.

Therefore, the present study aimed to compare the three-dimensional mechanical
power of the dominant lower limb during walking.

Thirty female subjects were asked to walk at their chosen speed and
barefoot along the path of the motion analyzer cameras and on the force plate so
that the three-dimensional mechanical power of each lower limb joint could be
recorded using the obtained data. One-way analysis of variance (ANOVA) and
Bonferroni's post hoc test were used to compare the values of mechanical muscle
power variables at a significance level of P<0.05.

Among the peaks of mechanical power of the dominant lower limb, the

Keywords: highest peak belonged to A2S, and the lowest belonged to K2T. Additionally, the
) ) most significant difference was observed between the average of some parameters

Mechanical power, Walking, such as H1S and other peaks, while the lowest average difference was observed

Dominant limb between the averages of H2F and H1T and other mechanical power peaks.

Therefore, it can be concluded that there is a relationship between the
peaks of mechanical power of the hip, knee, and ankle joints of the dominant lower
limb. Among these peaks, the second peak of the ankle has the highest mechanical
power, while the second peak of the knee has the lowest mechanical power.
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1. Introduction

Walking is a common part of an exercise routine, and muscle mechanical power is a crucial biomechanical
factor in analyzing human gait performance. This parameter describes the energy flow that initiates or
controls each movement. Muscle power can be calculated as the product of joint torque and angular
velocity, providing an estimate of the combined muscle activity of each joint. This approach indirectly
determines the performance of muscle groups (specifically, extensors and flexors) that pass over the joint,
both eccentric and concentric (1). The interaction between muscle power in the gait of healthy individuals
reflects specific driving and control functions related to each organ (2), as joint power determines the role
of muscle groups in movement production and control (3). Currently, no study has investigated and
compared the muscle mechanical power among different joints of each limb, particularly the dominant leg.
Therefore, this study aims to compare the three-dimensional mechanical power of the dominant leg joints
during walking.

2. Methods

Thirty female participants walked barefoot at their self-selected speed while being recorded by motion
analysis cameras and force plates. This setup allowed for the capture of three-dimensional mechanical
power of each joint in the lower limb. External markers were used to assess joint coordinates for kinematic
calculations, and the center of rotation for each subject's joint was estimated. Following each gait cycle,
data on the subjects' right leg was extracted from the cameras, and ground reaction forces from the force
plates were analyzed. Instantaneous muscle power (P) in each joint (j) and in each plane (k) was calculated
using the product of joint moment (M) and its angular velocity (®), as described in Equation 1 (5, 4).
Pj.k = Mj k. j,k equation 1

One-way analysis of variance (ANOVA) and Bonferroni's post hoc test were used to compare the values
of upper limb mechanical muscle power variables at a significance level of P<0.05.

3. Results

The results of the one-way analysis of variance are shown in Table 1. It is evident that the peak of
mechanical muscle parameters both within and between groups is significant.

The highest peak of lower limb mechanical power belongs to A2S, while the lowest belongs to K2T.
Among various parameters, H1S shows the most significant difference in averages compared to other
peaks, while H2F and H1T have the lowest average differences. In the thigh's sagittal plane, there is a
noteworthy relationship between the average peaks of H1S and H2S and most other mechanical power
peaks, but this relationship is not observed with H3S. There is no significant relationship between the
average power peak of H3S and the peaks of the thigh in the frontal and transverse planes, or between the
knee and ankle in the transverse plane. In the knee's sagittal plane, the K1S peak is the only one that did
not show a significant difference with the other peaks (K2S, K3S, and K4S) of mechanical power in the
knee. Finally, in the ankle, the peaks in the sagittal, frontal, and horizontal planes show the most significant
relationships with other peaks of mechanical power in the dominant leg.

4. Conclusion

The ankle joint plays a crucial role in forward propulsion (6) by creating significant plantar flexion during
the push-off phase (7). This movement is essential for forward motion, particularly during walking. The
hip joint's abduction and adduction in the frontal plane contribute to stability and maintaining dynamics
during single-leg support. During heel strike, the thigh's involvement in controlling the forward movement
of the trunk helps with propulsion and trunk rotation. The knee extensors, especially at the peak of
mechanical power, aid in preparing the body for push-off. The knee's movements in the frontal and
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transverse planes are not as significant, but they play a role in power generation during impact-absorbing
positions.

From the results of this research, we can conclude that there is a variation in the peaks of mechanical power
of the thigh, knee, and ankle joints in the lower limb. Among these peaks, the second peak of the ankle has
the highest mechanical power, while the knee has the lowest. Therefore, specialists in biomechanics,
rehabilitation, and therapy should consider that the ankle joint plays the most important role in propulsion
during walking and muscle strengthening activities. The knee primarily has a stabilizing and controlling
role.

Table 1. The results of the one-way analysis of variance for the peak of mechanical muscle parameters in both within and
between groups

Power comparisons Sum of df Means of F Sig.
squares squares

Within groups: 352.367 21 16.779 191.678 0.000

Mechanical power peaks in joints

Between groups: 53.924 616 0.088

Mechanical power peaks in
different joints
Total 406.292 637
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