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Abstract

Objective To quantify the lower limb coordination and coordination variability of children with spastic cerebral palsy
(CP) during flat ground walking using vector coding technology.

Methods From September to December, 2023, eight children with spastic CP (patients) from Ji'nan Rehabilitation Hospi-
tal and Ji'nan Special Education School, and eight healthy children (controls) from communities walked on a
treadmill at a speed of 0.45 m/s. Lower limb kinematic data were collected using Vicon, a three-dimensional mo-
tion capture system. Vector coding technology was used to quantify the temporal and spatial parameters of ipsilat-
eral lower limb joints to calculate joint coupling angles and coupling angle variability (CAV).

Results In the first and second double support phase, the hip-knee coupling angle was significantly larger in the patients
than in the controls (|¢f| > 2.317, P < 0.05). In the swing phase, the hip-ankle and knee-ankle coupling angles were
significantly larger in the patients (|¢| > 2.346, P < 0.05). In the first double support phase and the single support
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phase, CAV of the hip-knee and hip-ankle were significantly larger in the patients (|| > 2.454, P < 0.05), and they

were smaller in the swing phase (¢ > 2.560, P < 0.05). In the second double support phase and the swing phase,

CAV of the knee-ankle was significantly larger in the patients (|| > 2.909, P < 0.05).

Conclusion Coordination among hip, knee and ankle joints is poor for children with spastic CP during both the stance

and swing phases of walking, and variability is more during the stance phase.
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Table 1 Comparison of baseline data between two groups

It H X HRZ (n = 8) BiELL (n = 8) tH P1H
B L )/n 5/3 5/3 - -
AR % 13.75+1.49 13.88+1.25 0.182 0.858
B /m 1.57+0.08 1.55+0.08 —0.491 0.631
et kg 49.38+6.39 45.50+5.04 —1.346 0.200
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Figure 1 Schematic diagram of gait cycle phases
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Figure 2 Coordination mode classification
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Figure 3 Angle-angle diagram of gait cycle in sagittal plane
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Table 2 Comparison of hip-knee coupling angles between two groups N o
el 215 n ¥+ t{H P{H
S — B Xof HE A 8 180.39+0.60 —2.606 0.021
ki e 2H 8 194.72+15.50
B gee X R 8 183.13+8.80 0.092 0.928
I 211 8 182.83+3.15
5 ) Xif B 8 262.57+27.29 -2.317 0.036
e 2 8 294.79+28.31
EESTIEL| X 2 8 163.03+21.66 —0.929 0.369
I e 2 8 174.21426.27
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Table 3 Comparison of hip-ankle coupling angle between two groups L0
anl] 215 n xX+s . PiH
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15501 X R 8 140.64+21.23 —2.346 0.037
i e 28 8 161.81+14.15
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I 4L 8 116.98+47.73
B RSP Xif g 8 179.88+9.18 0.204 0.844
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1551 papilEEz) 8 162.24+15.04 —2.730 0.017
I 21 8 181.00£12.32
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Table 5 Comparison of CAV of hip-knee coupling angles between two groups N ©
53 215 n ¥+ t{H P{H
S — B Xof HE2H 8 10.99+2.08 —6.717 <0.001
I 2L 8 35.45+14.49
B gee Xif BE A 8 0.72+0.25 —2.454 0.028
i RE 2 8 11.65+12.59
5 XA Xif B2 8 67.24+6.31 1.426 0.180
I 2 8 58.77+8.15
EESTIEL| payiea] 8 66.34+7.46 2.560 0.019
I 2 8 52.46+14.03
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Table 6 Comparison of CAV of hip-ankle coupling angles between two groups LRV
531 2150 n X*s il P
B — B P Xif HE 4 8 0.87+0.37 —6.832 <0.001
i 2L 8 35.41+14.29
) Xof B4 8 0.99+0.45 —2.205 0.045
e 2H 8 11.07£12.93
C NS X HEZH 8 68.15+6.87 1.805 0.098
i e ZH 8 59.35+11.95
15501 Xf R ZH 8 66.62+5.08 2.720 0.022
I £ 8 54.47+11.57
*7 WAR-BRXT CAVLEE
Table 7 Comparison of CAV of knee-ankle coupling angles between two groups PR c°
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JI e £ 8 58.49+10.63
B RSP Xf R 8 28.98+4.71 —4.331 0.002
Jibi RE 2 8 46.32+10.3
1551 xif IR A 8 61.37+8.41 —2.909 0.015
e 2 8 71.1044.35
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