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A systematic academic analysis comparing healthy gait and Parkinsonian gait, incorporating the medical gait 
feature assessment table for quantitative inference, is provided in fig. 10. The analysis covers angular variations, 
motion plane characteristics and clinical significance, aiming to reveal differences in functional control and 
neuromuscular coordination between the two gait patterns. The normal’s group left and right knee angle wave-
forms are showed mirror symmetry, stable periodicity (approximately one complete cycle per second) and an 
amplitude of 55–60°. The 3D kinematic characteristics fall within the normal physiological range, demonstrating 
symmetry, strong periodicity and good dynamic balance. In contrast, the Parkinson’s disease group ankle, knee, 
hip and trunk exhibit are restricted ranges and markedly reduced amplitudes (around 30–35°). The gait cycle 
is irregular, and waveform peaks display noticeable disturbances. According to clinical assessment scales, this 
corresponds to a moderate-to-severe gait abnormality.

Fig. 9. Gait analysis system

Fig. 10. 3D gait analysis, specifically knee joint angle changes (a, b), hip joint angle changes (c, d )  
of normal group (a, c) and Parkinson’s disease group (b, d ) (beginning)
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Conclusions
This study presents a lightweight 2D and 3D collaborative gait analysis framework enabling high-precision, 

real-time modelling and quantitative clinical evaluation of human gait. The method integrates MediaPipe-based 
2D keypoint detection with an enhanced MTSA-former 3D pose estimation network. Despite containing only 2.5 mln 
parameters, the model achieves superior 3D reconstruction accuracy (MPJPE = 41.12 mm) with real-time efficiency.

Comparative analyses of gait in normal group and Parkinson’s disease group demonstrate the system’s 
sensitivity in detecting abnormal variations in key biomechanical parameters, including ankle dorsiflexion, 
peak knee flexion, pelvic obliquity and trunk lateral shift. Clinical metrics further confirm its efficacy in distin-
guishing different motor impairment levels based on 2D kinematic and 3D spatiotemporal features. In gait of 
Parkinson’s disease group the model identifies typical deficits such as limited ankle motion, inadequate knee 
flexion, reduced pelvic stability and impaired balance control.
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Fig. 10. 3D gait analysis, specifically ankle 3D coordinate changes,  
of normal group (e) and Parkinson’s disease group ( f ) (ending)


