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Effects of Robot-assisted Arm Training in Patients with Subacute Stroke

Min Cheol Joo, M.D., Hyo In Park, M.D., See Eung Noh, M.D., Ji Hee Kim, M.D., Hyun Jun Kim, M.D. and Chul
Hwan Jang, M.D.

Department of Rehabilitation Medicine and Institute of Wonkwang Medical Science, Wonkwang University College of
Medicine

Objective: To investigate the effects of robot-assisted arm training on motor and functional recovery of upper limb in
patients with subacute stroke.

Method: Thirty one subacute stroke patients were randomly divided into 2 groups. Robot-assisted arm training group
received robot-assisted therapy using Arme0®Spring (Hocoma Inc., Zurich, Switzerland) for thirty minutes per day and
five times every week during four weeks while control group received conventional arm training with same duration and
frequency as robotic group. Outcome measures were used manual muscle test (MMT) for motor strength, Fugl-Meyer
assessment (FMA), Manual function test (MFT) for arm function, Korean-modified Barthel index (K-MBI) for activities
of daily living, Korean-mini mental state examination (K-MMSE) and Computerized Neuro-Cognitive Function test soft-
ware-40 (CNT-40) for cognitive function. All recruited patients underwent these evaluations before and after four weeks
robot-assisted arm training.

Results: Robot-assisted training on upper limb after subacute stroke showed improvement on motor strength, arm function,
and activities of daily living. But change values in terms of MMT, FMA, MFT, K-MBI exhibited a no statistically significant
difference compared with conventional group (p > 0.05).

Conclusion: In patients with upper limb deficits after subacute stroke, Robot-assisted arm training was considered to
facilitate motor and functional recovery of upper limb. But robot-assisted arm training did not significantly improve motor
and arm function at 4 weeks compared with conventional arm training group. Further research is required about the compar-
ison of conventional rehabilitation therapy group and the questions about the duration, severity of stroke. (Brain &
NeuroRehabilitation 2014; 7: 111-117)
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Fig. 1. Armeo®Spring robot.
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Table 1. General Characteristics of the Subjects

Variables Robot group Control group p-value
Sex (female:male) 8:15 5:3 0.228
Age (yrs) 58.51+13.97 71.63+9.18 0.013*
Affected side (Rt.:Lt.) 12:11 5:3 0.698
Duration (days) 28.39+£2.73 31.50 £ 6.85 0.617
Proximal-MMT 1.65+1.15 1.75+0.89 0.981
Distal- MMT 1.30+ 1.11 1.13+£0.83 0.743
FMA 19.39 £ 16.79 17.38 £ 16.94 0.619
MFT affected 12.35+7.83 7.38+£8.75 0.113
MBI 35.18 £1070 26.13+£10.83 0.080

Values are mean + standard deviation. ¥Denotes significant difference between
robot-assisted arm training and control group (p <0.05). MMT: Manual Muscle
Test, FMA: Fugl-Meyer assessment, MFT: Motor Function Test, K-MBI:
K-Modified Barthel Index, K-MMSE: K-mini mental status exam.
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Table 2. Outcome of Robot-assisted Arm Training Group and Control Group

Robot group Control group

Pre Post p-value Pre Post p-value
FMA 13.0 (5.0~38.0) 39.0 (15.0~54.0) <0.0001%* " 7.5 (4.0~34.5) 28.5(7.8~53.0) 00177
MFT affected 10.0 (7.0~18.0) 17.0 (11.0 ~26.0) <0.0001%* " 5.0 (0.0~15.8) 18.5(3.0~21.3) 0.018*"
Proximal-MMT 2.0 (0.0~3.0) 3.0 (2.0~3.0) 0.001%* ™ 2.0(1.3~2.0) 3.0 (2.0~3.0) 0.038* "
Distal-MMT 1.0 (0.0~2.0) 3.0 (2.0~3.0) <0.0001%* " 1.0 (0.3~2.0) 2.5(2.0~3.0) 0.016* "
MBI 38.0 (28.0~42.0) 74 (65.0~83.0) <0.0001%* " 20.0 (17.5~25.8) 52.0 (32.0~60.0) 0.012%"
MMSE 25.0(20.3~27.0) 28.0 (24.0~29.0) 0.002%* 17.0 (13.0~22.5) 18.5(12.5~28.5) 02857

Values are median and quartiles of the dependent variables. *The p-values are for Mann Whitney U-tests as appropriate (*p <0.05, **p <0.01). TWilcoxon signed
rank test. MMT: Manual Muscle Test, FMA: Fugl-Meyer assessment, MFT: Motor Function Test, K-MBI: K-Modified Barthel Index, K-MMSE: K-mini mental

status exam.

Table 3. Clinical variables between Robot-assisted Arm Training Group and
Control Group

Mean difference

Robot group Control group p-value

Proximal-MMT 0.0 (0.0 ~50.0) 50.0 (0.0~100.0) 0382
Dista-MMT ~ 50.0 (0.0~100.0)  100.0 (37.0~125.0)  0.209

FMA 65.0 (18.0~185.0)  57.0(23.0~131.0) 0.735
MFTaffected  37.0 (12.0~100.0)  22.0 (2.0~105.0)  0.652
K-MBI 96.0 (52.0~167.0)  65.0(39.0~164.0)  0.485
K-MMSE 8.0 (3.0~25.0) 0.0(0.0~14.0)  0.112

Values are median and quartile of the change ratio: change ratio=(100*the
change d/t experiment)/ baseline measurement. MM T: Manual Muscle Test,
FMA: Fugl-Meyer assessment, MFT: Motor Function Test, K-MBI:
K-Modified Barthel Index, K-MMSE: K-mini mental status exam.
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Table 4. Comparisons of Changes in CNT-40 between Robot-assisted Arm Training Group and Control Group

oA 2] A A 23 A=) 73}

Robot group Control group

Pre Post p-value Pre Post p-value

Digit span Ak 2.0 (1.0~2.0) 2.0 (1.0~3.0) 0.166 1.0 (1.0~1.0) 1.0 (1.0~1.0) 0.317
L 2.0 (1.0~2.0) 2.0 (1.0~3.0) 0.034* 1.0 (1.0~2.0) 1.0 (1.0~1.75) 0.157

Visual span Ak 2.0 (1.0~2.0) 2.0(2.0~3.0) 0.007* 1.0 (1.0~2.0) 1.5(1.0~2.0) 0.564
GurgF 2.0 (2.0~2.0) 2.0(2.0~3.0) 0.480 2.0 (1.0~2.0) 2.0 (2.0~2.0) 0.083

Trail span Aerek 1.0 (1.0~2.0) 1.0 (1.0~2.0) 0.257 1.0 (1.0~1.0) 1.0 (1.0~1.0) 0.317
GurgF 1.0 (1.0~2.0) 1.0 (1.0~2.5) 0.096 1.0 (1.0~1.0) 1.0 (1.0~1.8) 0.157

Values are median and quartiles of the dependent variables. *Denotes significant difference in clinical parameters between pre and post treatment in both groups
(*p <0.05). MMT: Manual Muscle Test, FMA: Fugl-Meyer assessment, MFT: Motor Function Test, K-MBI: K-Modified Barthel Index, K-MMSE: K-mini mental

status examination.
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