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Effects of Supporting System on Walking based on Mutual Entrainment in Poststroke Hemiplegia

Tkki ISHIZAWA

In this study, to evaluate the effectiveness of the ” Walk-Mate” system, which is based on mutual-entrainment
dynamics, we measured the symmetry and the stability of the walking in poststroke patients with hemiplegia
by using kinematic analysis and time-series analysis. The effect of ”Walk-Mate” was compared with rhythmic
auditory stimulation. The symmetry of gait was improved by the both methods, however, the stability of the
gait was only improved by the ”Walk-Mate”. These results indicate that the interactive system ” Walk-Mate” is

useful for the walking rehabilitation in poststroke.

Key Words: Walk-Mate, gait disorder] hemiplegiald mutual adaptation, co-creation system
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Table 1 Subject characteristics

Age Gender Handedness Paretic side Pathomechanism Territory Complicating disease Br.Stage
Subject A | 78 M R L Infarction Temporal lobe Left hemispatial neglect \%
Subject B 59 M R L Infarction Corona radiata - v
Subject C 74 M R L Infarction ‘Watershed - IvV-v
Subject D 48 M R L Infarction Corona radiata - v
Subject E 72 M R L Hemorrhage Thalamus Left hemispatial neglect \%
Subject F 28 M L L Hemorrhage Putamen - A%
Subject G 58 M R R Hemorrhage Thalamus Aphagia v
Br.Stage:lower-limb Brunnstrom Stage
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Fig.3 Hemiplegia gait pattern and phase control
a:Normal subjectU b:Left hemiplegia patient[]
c:Phase control for improving symmetry
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Fig.4 Gait analysis system
a:Foot sensors[] b:Waist sensor
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Fig.5 Temporal development of gait trajectory
a:Normal subject[] b:Left-hemiplegia patient
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Table 2 t-test of symmetry

Y sym during Walk-Mate trial Y sym during RAS trial
Single-walk  Walk-Mate p Effect Improvement Single-walk  RAS P Effect Improvement
Subject A | L 0.216 0.102 Hx ++ 0.114 L 0.231 0.221 0.612 + 0.010
R -0.172 -0.074 Hx ++ 0.098 R -0.141 -0.117 * ++ 0.024
Subject B | L 0.461 0.359 Hx ++ 0.102 L 0.330 0.294 * ++ 0.036
R -0.157 -0.138 Hx ++ 0.019 R -0.120 -0.116  0.465 + 0.004
Subject C | L 0.405 0.312 Hk ++ 0.093 L 0.350 0.333 0.580 + 0.017
R -0.207 -0.171 Hx ++ 0.036 R -0.190 -0.190 0.970 — 0.000
Subject D | L -0.056 -0.017 Hk ++ 0.039 L -0.033 -0.061 Hk —— -0.028
R 0.049 0.014 Hx ++ 0.035 R 0.028 0.052 Hx —— -0.024
Subject E | L 0.412 0.315 Hk ++ 0.097 L 0.205 0.148 0.211 + 0.057
R -0.257 -0.263 0.810 — -0.006 R -0.148 -0.124 0.620 + 0.024
Subject F | L -0.021 -0.038 Hk —— -0.017 L -0.024 -0.028 0.550 — -0.004
R 0.018 0.036 Hx —— -0.018 R 0.025 0.027 0.850 — -0.001
Subject G | L -0.255 -0.369 * —— -0.114 L -0.229 -0.354 Hk —— -0.126
R 0.244 0.338 0.127 — -0.093 R 0.285 0.318 0.053 — -0.033
*:p < 0.050% % : p < 0.01 (t-test)
+-+0significant improvement +0 improvement tendencyl] — —:siginificant declinel] —:decline tendency
a) a)
3 T
Single-walk R Single-walk
£ ingle-walk | T 2l mrHC ingle-wal
5 51
£ £
3 3
8 ; 80
£} \ 3
a i a
3 3
€ v €
2 1 > 2
-3 . . . . . -3 . . . . .
0 0.5 1.0 15 2.0 25 30 0 0.5 1.0 15 20 25 3.0
Time [sec] Time [sec]
3 3
® LHC
— 2l mric Walk-Mate | = Qe RAS
5 8
g |5
£ £
3 |4
8 8
ki g
a =)
3 3
5 $ YDr
-3 . . . . . -3
0 05 1.0 15 20 25 30 0 0.5 1.0 15 20 25 3.0
Time [msec] Time [sec]
b) b)
04 - 0.4
*k Left Right p=061 Left Right
03
0.2
€ 01 r
3
> 0
01 | - !
-0.2 [ | I—
*
03 *kk
" Single-walk Walk-Mate  Single-walk Walk-Mate Single-walk RAS Single-walk RAS

Fig.8 Symmetry of gait trajectory (SubjectA)
a:Temporal development of gait trajectoryld
b:t-test of Ysym (*:p < 0.050% x : p < 0.01)
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Fig.9 Symmetry of gait trajectory (SubjectA)
a:Temporal development of gait trajectoryld
b:t-test of Ysym (*:p < 0.050% x : p < 0.01)
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ment
*:p < 0.060x%:p<0.010 (N=T)
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Table 3 F-test of stability

‘Walk-Mate RAS p  Stability

Subject A L 0.301 1.494 ** W >R
R 0.226 1.527 ** W >R

Subject B L 0.160 0.949 ** W >R
R 0.157 0.970 ** W >R

Subject C L 0.237 0.780 ** W >R
R 0.256 0.877 ** W >R

Subject D L 0.233 0.384 ** W >R
R 0.199 0.362 ** W >R

Subject E L 0.510 1.111  ** W >R
R 0.560 1.035 ** W >R

Subject F L 0.140 0.317 ** W >R
R 0.146 0.355 ** W >R

Subject G L 0.506 1.900 ** W >R
R 0.528 1.815 ** W >R

*:p < 0.050% x : p < 0.01 (F-test)
W > RO Walk-Mate is more stable than RAS
W < RORAS is more stable than Walk-Mate
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Fig. 11 Stability of phase difference (SubjectA)
a:Temporal development of phase differencel]
b:F-test of PdSd (x: p < 0.050% * : p < 0.01)
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Fig.12 Wilcoxon signed-rank test of mean PdSd
*:p < 0.060x%:p<0.010 (N=T)
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