Table 1

Stimulation patterns of experiment

Test pattern Parameters 1 2 3 4 5
Burst Ai#k# [Hzl 35 50 80 120 400
Group A Duty kt [%] 1 2 3 4 5
Carrier F## [Hz] = = = N -
Burst A4 [Hz) 3 9 25 50 100
Group B Duty Ikt [%] 2 8 8 20 40
Carrier A# [Hz]  — = = - =
Burst Fi#z48 [Hz] 35 50 80 120 400
Group C Duty e [%] 1 2 3 4 5
Carrier A% [Hz] 4kHz 4kHz d4kHz 4kHz 4kHz
Burst B [Hel 3 9 25 50 100
Group D Duty £t [%] 2 8 8 20 40
Carrier g%k (Hz] 4kHz 4kHz 4kHz 4kHz 4kHz
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Fig. 6 Discrimination rate and discrimination time of stimulation pattern A-D for
healthy person
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Fig.7 Temporal development of discrimination rate
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Fig. 8 Test position of electrical stimulation

Fig. 3 Experimental setting for Reflex Motion
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Table 2 Relation among stimulus position to reflex

motion
No. Carrier freq. [kHz] Muscle contraction
1 1 Slow
3 Slow, reflex act.
2 1 No
3 Slow, reflex act.
3 1 No
3 Muscle twitch
4 1 Muscle twitch
3 Slow
5 1 No
3 Slow
6 1 No
3 Muscle
7 1 No
3 Muscle
8 1 Muscle twitch
3 Slow
9 1 Muscle
3 Muscle
10 1 Slow
3 Muscle
11 1 No
3 No
12 1 No
3 No
13 1 No
3 No
14 1 No
3 Muscle
15 1 No
3 Muscle
16 1 No
3 No
17 1 No
3 No
18 1 Small
3 Small
19 1 Slow
3 Slow, reflex
20 1 No
3 No
21 1 No
3 No
22 1 No
3 Reflex act.
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ID i3 i
posil Mptian Reflex nerve

on | Hip |Knee|Ancle
11D-®| FIx | Fix Sciatic(L4, L5, 81, S2, S3)
2|@-®| Ext | Ext | Fix |Femoral(L2, L3, L4)
3|@-® Ext Femoral(patellar reflex)
41G-@ Fix [Sural(S1, S2)
5|@®-@| FIx | Flx Tibial(L4, L5, St, S2, S3)
6 [@-d| Fix | Fix Tibial(L4, L5, §1, S2, S3)
7 |@-@®| Fix | Flx | Flx |Tibial(L4, L5, S1, $2, S3)
ID1, ID2 : Specific.reaction on lower limbs paralysis
D2 : =Apply for standing up motion support

Frontview  Rear view D5, 1D6 : Lift up leg N
=Apply for walking motion support
(Left leg)

Fig. 10 Electrical stimulation position of reflex motion for standing up and walking
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Fig. 11 Time series data of knee angle of standing up motion
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' Fig.12 Reflex walking assist for
arbitrary speed
(DLeft Leg Movement Starts, @
Electrical Stimulation Applied, &
Left Leg Swing, @Left Toe Contact,
®Left Leg Movement Stops.

Left knee straight

Time 0Os 0.04s

foot hits the step

Time : 0.16s 0.20s
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Fig. 13 Reflex walking assist for climbing up steps
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(A} 1lvolume] : Unit of photo shot
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E Stimulation 5 Volumes
TR=58S X
8 sessions
5 ts) No
1[Session]
0 8 12 18 24 30 35 [s]
B R Pattern 1 (P1) Pattern 2 (P2)
(B) param P1 P2 (
eters

Volt 45V 45V

Burst 100Hz 50Hz
Freg.
Carrier 4kHz 4kHz
Freq.
Duty 50% 50%
Fig. 14 {-MRI analysis for sin-
gle pattern of elec-
tric stimulation
A Block design of f{-MRI
analysis. B : f-MRI result for
Pattern 1 and 2.
(A) 1[Volume]
Stimulation

Pattern 1
(P1)

Pattern 2
(P2)

TR=5S
0 3 5 ‘i) D I
1[{Session]
0 6 12 18 24 30 35 [s)

5 Volumes
X
8 sessions

(B) Stimulation patterns P1: P2

Fig. 15 f-MRI anaiysis for single pattern of electric stimulation
A Block design of f-MRI analysis, B : f-MRI result for mixed pattern.

better effective for inhibition of habituation.

BRAIN and NERVE 62%11 5%

2010F11A

Significance 0.1%
No T value

 pg RBNEON it

area
5.5 No -
7.3 Active 4.85
8:2 Small 4.55
9:1 Small 3.17

The best combination ratio is 7 - 3. This case is



Fig. 17 FES for Acute Hemiplegic Stroke patients

Casel, cerebral infarction, BRS 1II (day 8) Sagittal Plane.
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Fig. 18 FES for Convalescent Hemiplegic stroke patients
Case2, cerebral infarction, BRS III (day 36) Sagittal Plane.
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