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Evaluation of Lower Extremity Motor Impairment in Post-Stroke
Hemiplegic Patients Using Neuromuscular Response during Gait
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The understanding of impaired neural control of gait after stroke is important to evaluate mobility impairments focused on
improving walking function. Previous studies have shown that the central nervous system may control gait via muscle
synergies, which modularly organizes multiple muscles. However, there are insufficient studies to evaluate mobility
impairments, using muscle synergy during walking in post-stroke patients. Thus, the purpose of this study was to determine
if the variability of muscle synergies during gait reflects impaired motor performance. Electromyography (EMG) signals were
collected from five persons with post-stroke hemiparesis and five similarly age healthy persons, as they walked on a
treadmill at a comfortable speed. EMG signals were decomposed using non-negative matrix factorization and the variability
of muscle synergies was calculated using a synergy stability index (SSI). We also investigated correlation between the SS/
and Fugl-Meyer assessment and Berg Balance Scale, which are clinical evaluation indicators. Post-stroke patients were
found to have variable muscle synergies. We also observed a positive proportional relation, between SSI and clinical motor
impair evaluation indicators. These results could yield a quantitative assessment of gait after stroke, and provide a causal
relationship between internal neuromuscular mechanisms and functional performance.
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Fig. 1 EMG setup on a participant and walking on forceplates
mounted treadmill
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Table 1 Clinical characteristics of the participants

Number Sex Age Height [cm] Weight [kg] Stroke onset [year] Paretic side
Healthy participants
HO1 Male 75 79.3 - -
HO02 Male 78 50 - -
HO03 Male 77 160.6 66.3 - -
Ho4 Male 77 165.5 63.2 - -
HO5 Male 74 70.4 - -
Average+SD - 76.2+1.47 164.02+2.82 65.84+9.59 - -
Post-stroke participants
S01 Female 62 160.5 48 3 Left
S02 Female 57 53.1 16 Left
S03 Male 49 70 10 Left
S04 Male 71 72.9 24 Left
S05 Male 68 81 9 Left
AveragetSD - 61.4+7.86 170+6.79 65+12.44 12.4+7.12 -

Synergy weight Activation signal Muscle activity

Muscle 1
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Fig. 2 Schematic of the EMG reconstruction example using a
combination of muscle synergy weights and activation
signals
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Fig. 4 Synergy weights (a) and activation signals (b) of non-paretic and paretic legs. (a) Asterisks indicate significant differences in the
synergy weights (p < 0.05), (b) Red rectangles indicate timing when activation of paretic leg muscles was significantly larger than that
of the non-paretic leg muscles. Blue rectangles indicate timing when activation of non-paretic leg muscles was significantly larger than
that of the paretic leg muscles, and (c) Ankle and knee joint angles during gait
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Fig. 5 Synergy weights (a) and activation signals (b) of healthy and paretic legs. (a) Asterisks indicate significant differences in the synergy
weights (p < 0.05), (b) Red rectangles indicate timing when activation of paretic leg muscles was significantly larger than that of the
healthy leg muscles. Green rectangles indicate timing when activation of healthy leg muscles was significantly larger than that of the
paretic leg muscles, and (c) Ankle and knee joint angles during gait
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