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Similarity of human forward and backward crawling patterns based on multiscale motion

coordination analysis
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Abstract: Objective To test the hypothesis that backward crawling and forward crawling share similar inter-joint
coordination patterns, thus providing potential evidence for the application of backward crawling in rehabilitation training.
Methods The acceleration signals in the X, Y, and Z directions for 9 joints (including bilateral wrists, elbows, shoulders,
knees, and hips) in 9 volunteers during forward and backward crawling were collected using a custom signal acquisition
system, and the pressure signals were also recorded when the palms contacted the ground. The collected acceleration signals
were preprocessed, segmented into cycles, and vectorized. Based on the pressure signals, a single crawling cycle was divided
into support phase and swing phase. In addition, principal component analysis was applied to extract inter-joint coordination
in limbs at various scales (sagittal, coronal, and transverse planes). Pearson correlation coefficients of inter-joint coordination
patterns were compared between forward and backward crawling in support period, swing period, and full cycle. Results The
correlation coefficients for coordination patterns in the full cycle at the transverse plane scale were 0.813 5 (PC1) and 0.837 5
(PC2), and the correlation coefficient of the support period PC2 was 0.901 8. At the sagittal plane scale, the correlation
coefficient of the support period PC1 was 0.948 5. Conclusion The study provides preliminary evidence that limb motion
coordination patterns during backward crawling are similar to those observed during forward crawling. Future research will
further explore the effects of backward crawling on functional rehabilitation in individuals with motor impairments.
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Figure 1 Schematic diagram of data acquisition
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Figure 2 Schematic diagram of the three—dimensional space

division (transverse, sagittal, and coronal planes) during crawling
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Figure 3 Multi-joint motion coordination pattern extraction

based on PCA decomposition
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Table 1 Cumulative variance of different main components in the whole cycle, support period and

swing period on the transverse, sagittal and coronal planes, respectively (%)

s SEAE A SCE i
PCl PC2 PC1 PC2 PC1 PC2

FW_T 61.10£11.0 28.08+7.30 70.94+10.00 26.40+7.60 80.66+11.00  19.08+11.00
BW_T 66.94+8.40 25.81+7.60 77.88+9.60 20.49+10.00  89.15+7.60 10.56+7.40
FW_S 64.80+8.30 25.60+5.30 76.17+11.70 21.78+11.00  76.64+11.00  23.22+11.00
BW_S 60.50+7.40 30.70+4.90 72.82+7.90 24.82+8.60 78.93+8.60 20.84+8.50
FW_C 61.66+8.60 25.26+4.10 67.43£12.70 29.62+12.30 82.0+£10.80  17.84+11.00
BW_C 60.05+7.90 29.46+5.90 71.22+10.00 27.16+9.60 76.69£10.60  23.04+10.00
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Table 2 Pearson correlation coefficients between coordination
patterns extracted from forward crawling and backward crawling

at different scales
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FW_TvsBW_T 028135 0.8375 0.3263 0.9018 -0.5169 0.084 0
FW_SvsBW_S -0.6926 -0.6572 0.9485 -0.3555 0.1190 0.2215
FW_Cvs BW_C -0.5804 0.0003 -0.4947 0.5152 0.0822 0.2322
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Figure 4 Motion coordination and temporal activation in the whole cycle and support period at different scales
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