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Development of a new gait rehabilitation method based on synergy theory for the
older adults
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This study examined the characteristics of walking in older adults with
respect to lower limb coordination. Muscle activity during walking was measured using
electromyography sensors. The walking conditions were a normal walking condition and a dual-task
walking condition in which individuals were asked to walk while performing a calculation.
Dual-tasking is a method to assess neurological functions during walking. In the present study, two
types of calculations were used: easy and difficult. The results showed that the number of modules:
a muscle group composed of a number of muscles that generate lower limb movements, decreased during
the difficult calculation task compared to the normal walking condition. These changes occurred
before and after the timing of foot placement on the ground. These results suggested that older
adults may need training to switch between left and right lower limb movements to adapt the

complicated circumastances; e.g. daily life situation.
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Gait parameters F-value p-value
Gait speed, m/s 1.28+0.19 0.98+0.17 1.144+0.26 1.13+0.25 39.8 <0.001
Mean Stride time, s 1.01+0.08 1.19+0.12 1.10+0.11 1.13+0.16 6.3 <0.001
Mean cadence, 1/s 2.0+0.1 1.7+0.2 1.8+0.2 1.8+0.2 6.4 <0.001
CV, % 29+11 3.4+0.8 5.0+2.9 5.3%3.2 5.0 0.005
Harmonic ratio
VT 3.2+0.7 2.8+0.6 2.8+0.6 2.7%+0.5 6.7 <0.001
ML 2.1+0.6 2.1+05 1.9+0.3 2.0+=04 2.3 0.092
AP 3.3+0.9 2.8+0.7 2.9+0.7 2.8+0.7 7.5 <0.001
Autocorrelation
VT 0.82+0.07 0.65+0.09 0.66=+0.13 0.65+0.16 17.0 <0.001
ML 0.58+0.13 0.42+0.12 0.39+0.19 0.44+0.18 9.9 <0.001
AP 0.79=0.07 0.71=0.08 0.66=+0.14 0.65+0.15 9.5 <0.001
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2. Correlation of muscle weightings across the walking

conditions (n=16)

Module Serial 1 Serial 3 p value
1 0.94=+0.05 0.80=0.41 0.464
2 0.98=+0.01 0.89=+0.34 0.606
3 0.95=+0.07 0.90=+0.23 0.159
4 0.94=+0.07 0.83=+0.25 0.074

3. Correlation of muscle timing across the walking

conditions (n=16)

Module Serial 1 Serial 3 p value
1 0.98+0.01 0.88+0.26 0.029
2 0.98+0.02 0.92+0.25 0.348
3 0.90+0.06 0.84+0.24 0.252
4 0.96+0.04 0.90+0.13 0.044
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