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Multicenter prospective randomized control trial of a simple training-assistance
robot for the upper extremities equipped with mirror image motion

HACHISUKA, Kenji
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A randomized controlled trial of a simple training-assistance robot (MA2) was
performed for 45 chronic stroke patients, who were assigned to the robot or control groups. The robot
group underwent 20 minutes MA2-assisted training and 40 minutes usual care for 2 or 3 sessions a week,
and 24 sessions in total; the control group underwent 60 minutes usual care the same number of times. The
Fugl-Meyer Assessment for upper extremity (FMA), the modified Ashworth scale, range of motion (ROM),
Motor Activity Log (MAL), and Stroke Impact Scale were measured before and after the intervention. The
robot group showed a significantly greater change in the QOM of MAL than the control group, and tended to
show an improvement in the extensor synergy and normal reflex activity of FMA, and in the wrist flexion
and extension of ROM. Before-after comparisons within the robot group showed a significant improvement in
16 items based on all measurements, while only 2 items within the control group.



1)
Mehrholz

(Mehrholz 2012) Lo

(Lo et al.

2010)

2014

)

(Mirror Image
Motion Arm Trainer with Assistance of the
Motion Angle, MA2 2014

2012-107830

MA2

MA2

o
MA2

24 2
12 3 8

20 24
2014 9 1 2016
3 3 2016 2
1 80
7 6 16
&)
40-89
6
Brunnstrom Recovery Stage 111 V
(F.W.)) FAX
FAX
®
MA2 2
1 20 12 24 3
1 20 8 24
20
80-75%
1 3 100
MA2
MA2
300
100
300
1 20



1 20 3 8
24
®
Brunnstrom Recovery
Stage Functional Independence
Measure Barthel index
Fugl-Meyer (FMA)
Ashworth (MAS) (ROM)

Motor Activity Log (MAL) Stroke Impact
Scale (SIS)

*

SPSS 19J
t
Wi lcoxon t
Mann-Whitney
t
1
23 22 (
meant SD) 71.3+ 8.6 69.1
+ 10.5 15/8 13/9

63.4+ 64.8 65.6% 56.0

2/5/2/10/4 2/5/3/11/1
12/11 12/10 Brunnstrom Stage10/5/8
12/10/11 Barthel Index
91.7+ 10.4 89.3+ 16.6

Barthel Index

t p>0.05
p>0.05 2
&)
Fugl-Meyer
5
(
t- p<0.05)
t- p>0.05
3 3
t- p<0.05
t-
0.05<p<0.10
t- 0.05<p<0.10
t-
0.05<p<0.10
Fugl-Meyer

EBE (N=23) R (N=22)

o) #® p-fE Ed ® pfE
A ER B 21.828.0 24.0=0.0 0.001 20.3:8.8 21.1=101 0.308
175 36+0.8  3.720.8  0.575 3.6:0.9  3.7:0.7 0.162
1l & 25 ES) T5:34  8.2:3.1 0.003 6534  7.0+36 0.069
1Ib. {8 B4LEEED* 4719 5.0<1.6  0.203  4.5=2.0 43222 0.162
111245 3 i 3.9+2.1 3.7£2.2 0.007  3.2:2 3.9+2.4 1.000
IV 27 BE 3 BifE 2.4+2.0 3.0£2.2 0011  2.4:20 2.7+2.1 0.129
VERRHES* 0205 0.4+0.7 0.096  0.3:0.6 0.3£0.6 1.000
B.FEE 5 FhiE 45=38  6.0=3.8  0.000 3.8:3.5 44239 0.139
C.FH THE 7.3+5.0 1755 0.257 T7.857  82=59 0.116
D ES R E 1.7£2.3 2.0+2.4 0.110  1.9:23 2322 0.104
A 35.2:17.1 3501185 0.001 33.8:18.0 36.120.0 0.097

* t 0.05<p<0.10
Ashworth

Wiocoxon signed-rank test, p<0.05

Wiocoxon
signed-rank test, p>0.05
t- p>0.05
ROM
t- p<0.05
t- 0.05<p<0.10
t- p<0.05
t- p>0.05
t- 0.05<p<0.10
Motor Activity Log
AOU  QOM
t- p<0.05
t- p>0.05
QOM
t-
p<0.05
Ashworth Motor
Activity Log
£8E  (N=23) *EBEE (N=22)
A #* pfE Bl #* p-fE
{EE Ashworth RE
B EAREE 0.9+0.8 0 0.059 1.2%0.9 1.1+09 0.157
FHdgnEE 0.7+1.1 0.6+0.9 0.257 1.0*+1.1 0.9%1.1 0.705
BIFEEINAREE  0.7£0.9 0.6£0.9 0.234 1.0*+09 1.0£0.9 1.000
BUBIESNMERE  0.5+08 0.3+0.6 0.046  0.4%0.7 0.3%0.6 0.414
FEEMHE 1.0+1.0 0.9+1.1 0.366 1.6*+12 1.3%£1.0 0.160
EIEAEE 0.8+12 0.7£1.3 0.655  0.6+0.9 0.5+0.9 0.414
FHEEME 1.0+1.3 0.9+1.1 0.180 12*+12 11*12 0.180
FieElefE 0.5%0.9 0.3+0.7 0.034 0.2%0.5 0.1£0.2 0.180
ESET AT Ehisk
SR 130.9+9.1 133.3+£8.7 0.018 1266+9.2 129.3+9.9 0.011
R -5.0+£9.0 -3.7+81 0.083 -3.7£9.7 -29*7.7  0.329
FEEZERE*  66.1%122 704101 0010 652%+14.3 66.4%+13.5 0.261
FESEEE*  56.5+155 6241137 0.003 589+184 60.7+21.2 0.119
Motor Activity Log
AOU 0.9+1.1 1112 0.008  1.2+1.4 1.3:15 0.348
QOM? 1.0£1.1 1.2:1.2 0.002  1.3+1.3 1.3:1.3 0.959
* t 0.05<p<0.10



T t p<0.05
Stroke Impact Scale
t p>0.05
t- p<0.05
t- 0.05<p<0.10
t- p>0.05
t- p>0.05
Stroke Impact Scale
£8E (N=23) R (N=22)
B # piE BT #% p-1E
1.FRE 9.3+3.2 10.2%£2.9 0.033 8.9+3.0 9.6+3.2 0.253
2.7 31.1+£4.2 30.8t3.4 0.789 27.9%6.1 284+5.4 0.387
385 34.2+5.2 35.914.2 0.074 32.1+5.1 32.3%£5.1 0.843
425 32.1£5.0 31.9t42 0.853 30.9+4.3 29.5+5.7 0.029
558 35.1+£8.3 37.3£7.8 0.021 35.31+6.8 36.0£7.8 0.462
6.8 32.9%8.1 33.7£8.3 0.367 34.5+75 34.3t85 0.775
TEE 10.0+4.5 11.4%5.5 0.197 11.0+5.7 11.2+6.0 0.47
8.iEE) 21.9+8.6 22.8+9.7 0.472 22.8+10.1 21.0+10.6 0.462
9.EIfE 39.1£19.5 40.5t19.6 0.656 43.2+23.3 44.8+252 0.639
HEESR 21.9+4.7 23.214.9 0.009 225+48 22.8+5.2 0.438
e 30.0£5.2 30.9t£5.6 0.274 29.9+5.6 29.8+6.3 0.881
t p>0.05
1.4+ 1.0 1.1+ 0.9
Mann-Whitney
p>0.05
i)
MA2
1 20 24
Fugl-Meyer
16
2
MA2
Motor Activity
Log Stroke Impact
Scale QoL
2
3

MA2
MA2
9
1) Yamamoto I, Hachisuka K, Saeki S, et al
(7 4 - Development of wrist

rehabilitation robot and interface.
Technology and Health Care 2016;24:27-32

)

2015;135:306-309
3) Ochi M, Wada F, Hachisuka K, et al(4
4 ): Gait training in subacute
non-ambulatory stroke patients using a
full weight-bearing gait-assistance
robot: A prospective, randomized, open,
blinded-endpoint trial. J Neurol Sci
2015;353:130-136
4) Yamamoto I, Hachisuka K, Wada F, et al(6
4 ): Research and development of
compact wrist rehabilitation robot system.
Bio-Medical Material and Engineering
2014;24:123-128
5) Yamamoto I, Hachisuka K, Wada F, et al (7
5 ): Development of practical
wrist rehabilitation robot by mirror
effect. Applied Mechanics and Materials
2014;597:397-400
6) Nakanishi Y, Saeki S, Hachisuka K, et
al (4 4 ): Rapid changes in arousal
states of healthy volunteers during
robot-assisted gait training: a
quantitative time-series
electroencephalography study. J Neuroeng
Rehabil 12 April 2014;11:59

7) Jpn J
Rehabil Med 2014;51:343-347
8)

Jpn J Rehabil Med
2013;50:520-524
9)

Jpn J Rehabil Med
2013;50:489-494

n_
88

2015



0
56
2014 6 14

)
56
2014 10 31

4) Hachisuka K, Wada F, Saeki S, et al(10
1 ): Development and clinical
trial of a simple training-assistance
robot with motion angle assistance for the
upper extremities in stroke patients: A
preliminary study. 9 World Stroke
Congress, 22-25 October, 2014, Istanbul
Congress Center (Istanbul, Turkey)
5) Yamamoto I, Wada F, Hachisuka K, et al (7
4 ): Development of practical
wrist rehabilitation robot by mirror
effect. 3rd International Conference on
Advanced Materials Design and Mechanics &
Workshop on Android Robotics, 23-24 May
2014, Quality Hotel Marlow (Republic of
Singapore, Singapore)

6) @@
5 )
2013 2013
9 8 11
n__
2013
2013 11 3
&
17
2013 6 19
o 1
A61H 1/02
2014-514733
25 5 8
@

HACHISUKA Kenji

00129602

@)

YAMAMOTO Ikuo

10392953

WADA Futoshi

10341512

SAEKI Satoru

20269070



