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OBJECTIVE BIOMECHANICAL INDICATORS: ASSESSING SYMMETRY OF KNEE
JOINT ANGLE CHANGES IN BARBELL SQUAT EXERCISE FOR ATHLETE
TECHNICAL EFFICIENCY

Achermann Basil!?, Mytko, Artur!®, Zhyhailova Liubov?, Nagorna Viktoriia'-?
ISwiss Federal Institute of Sport Magglingen, Switzerland

Institute for Biomechanics, ETH Zurich, Switzerland

3 National University of Ukraine on Physical Education and Sport, Kyiv, Ukraine

Introduction. The indicators of symmetry in angle changes within the knee joints during the
execution of the barbell squat exercise serve as objective biomechanical metrics for assessing an
athlete's technical proficiency. These indicators play a critical role in evaluating the athlete's
movement patterns and biomechanical alignment during the squat exercise, offering valuable insights
into their technical proficiency and areas for potential improvement. Through the analysis of knee
joint angle symmetry, coaches and sports scientists can assess the quality of the athlete's movements,
detect any asymmetries or imbalances, and customize training programs to optimize technical
efficiency and mitigate injury risks [2-5].

The primary goal of our research is to investigate the indicators of symmetry of the angle
changes in the knee joints during the performance of the barbell squat exercise as a valid method for
assessing the indicators of technique effectiveness.

Methods. In our research for 3D motion analysis, we employed a VICON system comprising
10 cameras (200Hz, Oxford Metrics Group, Oxford, UK). The gathered data provided reference
points for scaling the models and conducting OpenSim simulations.

Results. We conducted a comparative analysis of angle changes in the right and left knees,
obtained from VICON systems during the free-weight back squat exercise. Each exercise session
consisted of three cycles of five repetitions, enabling the computation of mean values for subsequent
scrutiny and assessment. Our analysis encompassed 22 valid squats. Statistical analysis revealed a
significant correlation (r = 0.99; p = 0.0061) between the angles of the left and right knees (Fig. 1).
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Figure 1 — The angles changes in the right and left knees recorded by VICON systems during
the free-weight back squat exercise.

These indicators serve as objective biomechanical measures of an athlete's technical
efficiency. Assessing the symmetry of angle changes in the knee joints obtained from VICON systems
is crucial for evaluating movement patterns and biomechanical alignment during the squat exercise.
By analyzing these indicators, coaches, and sports scientists can gain insights into the athlete's
technical proficiency and identify potential areas for improvement. Furthermore, assessing symmetry
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helps in identifying any asymmetries or imbalances, allowing for the customization of training
programs to enhance technical efficiency and mitigate the risk of injury.

Discussion. Common asymmetries or imbalances that can be detected through knee joint
angle symmetry analysis include [1-5]:

Lower Limb Asymmetry. Asymmetries in knee joint angles can indicate differences in
movement patterns and biomechanical alignment between the right and left lower limbs, highlighting
potential imbalances in strength or flexibility.

Muscle Imbalances. Discrepancies in knee joint angles may reveal muscle imbalances
between the agonist and antagonist muscles around the knee joint, which can affect movement
efficiency and stability.

Biomechanical Alterations. Knee joint angle symmetry analysis can detect biomechanical
alterations that lead to asymmetries in movement patterns, potentially causing inter-limb differences
and impacting overall biomechanical balance.

Foot Posture Asymmetry. Imbalances in knee joint angles may be linked to asymmetrical foot
posture, which can influence lower limb mechanics and contribute to movement asymmetries.

Joint Stress Distribution. Variations in knee joint angles can indicate unequal stress
distribution across the knee joint during movements like the barbell squat, highlighting potential areas
of strain or vulnerability.

By analyzing knee joint angle symmetry, coaches and sports scientists can identify these
asymmetries or imbalances, allowing for targeted interventions to optimize technical proficiency,
correct movement patterns, and reduce the risk of injuries in athletes during exercises like the barbell
squat

In conclusion, our research aimed to investigate the indicators of symmetry in angle changes
within the knee joints during the barbell squat exercise. We employed a VICON system for 3D motion
analysis, utilizing data from 22 valid squats to conduct a comparative analysis. Results demonstrated
a significant correlation (r = 0.99; p = 0.0061) between the angles of the left and right knees during
the exercise. Thus, the VICON system for 3D motion analysis proves to be a valid method for
assessing the indicators of technique effectiveness during the performance of the barbell squat
exercise.
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