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ABSTRACT

Miyasaka H, Tomita Y, Orand A, Tanino G, Takeda K,
Okamoto S, Sonoda S. Robot-aided training for upper
limbs of sub-acute stroke patients. Jpn J Compr
Rehabil Sci 2015; 6: 27-32.

Purpose: To evaluate the effects of short-term robot-
assisted training on upper extremity paralysis after a
stroke.

Methods: The subjects consisted of 21 patients 6-12
weeks after their first stroke. Two weeks of robot-
assisted training and 2 weeks of conventional training
were performed using a crossover method. During the
robot-assisted training period, robot-assisted training
(1 hour/day, 5 days/week) was added to conventional
training. At the initiation of training and after 2 and 4
weeks, motor function was evaluated in terms of the
upper extremity items of the Stroke Impairment
Assessment Set and Fugl-Meyer Assessment (FMA),
active angles of shoulder flexion and abduction, and
items of the Motor Activity Log (MAL). Values before
and after each type of training and gains were
compared between robot-assisted and conventional
training using the Wilcoxon signed-rank test.

Results: Compared with the conventional training
after 2 weeks, significant improvements could be seen
for the scores of the FMA of shoulder and elbow, the
Amount of Use of MAL, and Quality of Movement of
MAL items of robot-assisted training.

Conclusion: After intensive robot-assisted training of
the paralyzed extremity even for a short period,
improvement was observed in the proximal function
and frequency of use of the affected extremity in daily
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Introduction

In recent years, rehabilitation using robots has been
performed and reported to be useful for improving
function and ability [1]. Various types of robot have
been developed for the upper extremity on the
paralyzed side after a stroke, including those used for
uni- or bilateral extremities or those utilizing visual or
somatosensory feedback [2, 3]. The In Motion ARM™
Robot (MIT-MANUS/In Mation 2, Interactive Motion
Technologies: ARM Robot) [4, 5] is one such robot
developed by Krebs et al. for robot-assisted training of
the affected upper extremity after a stroke, and its
effects have been described in many studies [6]. To
use this device, patients apply their paralyzed hand
and forearm to the arm of the device, and move the
marker indicating the hand position on the monitor
screen in front of them to reach the target. As motor
tasks, an algorithm has been incorporated to repeat
horizontal movement and instruct the device to move
passively when patients cannot move the marker by
themselves. Therefore, even patients with severe
paralysis can use this device [7].

Regarding studies using the ARM Robot, Volpe et
al. performed robot-assisted therapy 3 times a week
for 6 weeks in patients in the chronic stage more than
6 months after a stroke, and reported that shoulder and
elbow functions improved compared with those after
upper extremity training by therapists, and this
improvement was maintained for 3 months [8]. Fasoli
et al. performed robot-assisted therapy 5 times a week
for 5 weeks in patients in the acute stage starting at an
average time since stroke onset of two weeks, and
compared this training with training in which the
paralyzed upper extremity was applied to the robot
arm and moved with assistance from the unaffected

Jpn J Compr Rehabil Sci Vol 6, 2015



28 Miyasaka H et al.: Effect of robot training for paralyzed upper limbs

upper extremity [9]. The robot-assisted training group
showed improvement in shoulder and elbow functions
and an increase in muscle strength compared with the
control group, and these functions continued to
improve during the hospitalization period. Finley et al.
performed 3 weeks of robot-assisted therapy in
patients with severe paralysis with a minimum time of
6 months since stroke onset, and reported significant
functional improvement even after this short
intervention period [10].

In previous studies, the subjects consisted of
patients within 2 weeks or = 6 months after a stroke;
there have been no studies on convalescent patients (2
weeks to 6 months after a stroke). In addition, short-
term training effects have not been adequately evaluated.
Therefore, we provided 2-week ARM Robot-assisted
training to patients 6-12 weeks after a stroke, and
evaluated the short-term training effects during the
convalescence period.

Subjects

Twenty-seven first stroke patients with unilateral
supratentorial lesions who were admitted to our
hospital between June 2013 and March 2014
participated in this study. The exclusion criteria were
severe complications (Liu’s comorbidity index [11] >
4), difficulty in understanding instructions during
training, and higher brain dysfunction such as global
aphasia or hemispatial neglect. In addition, 4 weeks
after admission, patients were excluded if they had
mild paralysis showing a total score for the upper
extremity motor items of the Fugl-Meyer Assessment
(FMA) [12] = 65 or a score < 4 for transfers of the
Functional Independence Measure (FIM) [13], or
could not tolerate robot-assisted training for 1 hour/
day due to difficulty in maintaining a sitting position
or a poor condition. Before participation in this study,
consent was obtained in accordance with the approval
contents (No. 119) of the ethics committee of our hospital.

Methods

« Intervention methods

The design of this study is shown in Figure. 1. The
effects of robot-assisted training were evaluated using
a crossover method by dividing the patients randomly
into two groups. While the first group received 2
weeks of robot-assisted training followed by 2 weeks
of conventional training, the other group first received
the 2 weeks of conventional training followed by the 2
weeks of robot-assisted training.

During the entire training period, patients received
physical and occupational therapies as the conventional
training for a total of 2-3 hours (physical therapy:
mean, 1.2 hours/day; occupational therapy, mean, 1.2
hours/day) 7 days/week. The conventional training
included electric stimulation therapy, repetitive
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Figure 1. Crossover design.

The subjects were divided into two groups: robot
training for the first 2 weeks, followed by conventional
training for 2 weeks, or conventional training for the
first 2 weeks, followed by robot training for 2 weeks.
Evaluation was performed before (0™ week), and in
the 2" and 4" week after training.

facilitative exercise, gait training, and ADL training
excluding robot-assisted training. During the robot-
assisted training period, 1-hour robot-assisted training
(5 days/week) was added to this conventional training
(physical therapy: mean, 1.1 hours/day; occupational
therapy: mean, 1.0 hour/day; robot-assisted training:
1.0 hour/day).

 Robot-assisted training of the upper extremity

In this study, training concentrating on shoulder and
elbow movements on a horizontal plane was performed
using an ARM Robot [4, 5]. The subjects were fixed in
the chair using a trunk strap, and performed reaching
movements while compensatory trunk movements
were limited. The subjects held the grip of the robot
arm with their paralyzed hand, placed their forearm on
the robot arm, and operated the robot arm by moving
their shoulder and elbow. The grip position of the
robot arm on the plane was indicated on the monitor
screen placed about 1 m in front of the subjects
(Figure. 2).

Concerning the training task, the monitor displays 8
peripheral targets equally spaced on the circumference
of a circle with a 14-cm radius around a central target.
The subject first places the marker indicating the grip
position at the central target, and subsequently moves
it to each peripheral target. After the completion of
reaching or a certain time (3.5 seconds), the central
point is indicated as the target again, and the subject
moves the marker from each peripheral target to the
central target. This was repeated clockwise, and a total of
8 back-and-forth reaching movements (16 movements)
were completed.

Using the ARM Robot, the amount of robotic
assistance changes with the amount of the subject’s
voluntary movement. Hogan et al. developed an
algorithm enabling the marker finally to reach the
target using a force field preventing lateral deviation
of the track, called a ‘virtual slot’, and a force field
providing assistance to subjects when they cannot
reach the target [7].

In the robot-assisted training, on the basis of this
algorithm, the subjects performed 3 sessions (320
movements x 3 sessions) using the assist mode and 4
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Figure 2. In Motion ARM™ Robot training.

a. The subject held the grip of the robot arm with their
paralyzed hand, concentrating on shoulder and elbow
movements on a horizontal plane.

b. The marker (solid arrow) showed the position of the
patient’s hand. The patient moved the marker to eight
targets (dotted arrow) on the circumference and center.

unassisted sessions (16 movements x 4 sessions)
before as well as after the assisted sessions, completing
more than 1,000 repetitive movements/day.

« Evaluation items

The evaluation items were the upper extremity
movement items of FMA excluding the tendon reflexes
and coordination (total score, 54) [12], upper extremity
movement items of the Stroke Impairment Assessment
Set (SIAS) (Knee-Mouth test: KM, Finger-Function
Test: FF) [14], active angles of shoulder flexion and
abduction, Amount of Use (AOU) and Quality of

Movement (QOM) of the Motor Activity Log (MAL)
[15], and items of FIM [13]. These items were
evaluated in an unblinded manner before as well as 2
and 4 weeks after training (total, 3 times) by
occupational therapists who were in charge of training
on the day of evaluation.

« Statistical analysis

The values of the evaluation items before and after
training were compared between the robot-assisted
and conventional training periods. Subsequently, the
degree of improvement (gain) was compared between
the periods. For comparison, the Wilcoxon signed
rank test was used, and p <0.05 was regarded as
significant. As statistical software, Macintosh JMP 9.0
was used.

Results

e Number of patients

Of the 27 subjects, 6 dropped out. One patient
suffered a non-training-related fall outside the hospital
during the conventional training period, and the final
evaluation could not be performed. The other 5
patients received robot-assisted training a few times,
but complained of marked fatigue, and refused further

Table 1. Patient characteristics at baseline.

Number of patients 21
Age [year] 58.8+13.6
Sex (male / female) 1714
Paretic side (right / left) 7114
Lesion type (hemorrhagic / ischemic) 6/15
Days after stroke onset [day] 59.3+11.7

The values are mean + standard deviation.

Table 2. Results of robot training and conventional training.

Robot training

Conventional training

before after before after
SIAS Knee-mouth 2.0+£1.2 (2) 2.3t1.2 (2) 2.2+1.3(2) 2.2+1.3(2)
Finger-function 1.3+1.6 (1) 1.7+1.7 (1)* 1.5+1.6 (1) 1.6+1.8 (1)
Active ROM  Shoulder flexion 53.1+53.5 (50)  59.8457.2 (50)* 57.4+56.0 (55) 59.5+58.7 (50)
[deg] Shoulder abduction 54.8+45.8 (50)  60.2+47.9 (60)* 55.2+46.2 (60) 59.3+49.6 (60)
Shoulder and elbow 9.448.1 (6) 11.3+8.7 (9)**  10.0+9.1 (7) 10.0£8.7 (6)
EMA Wrist 1.242.5(0) 1.7£3.2 (0) 1.442.7 (0) 1.4+2.8 (0)
Finger 2.9+4.4 (1) 3.6+4.3 (2) 2.9+4.3 (1) 3.4+4.7 (1)
Total 135+14.1(8)  16.6+15.1 (13)* 14.3¥15.2(9) 14.8+15.4 (9)
MAL AOQOU 0.3+0.8 (0) 0.5£1.0(0.1)** 0.4+1.0 (0) 0.5+1.0 (0.1)**
QOM 0.3+0.8 (0) 0.5+0.9 (0.1)** 0.4+0.9 (0) 0.5+1.0 (0.1)*

SIAS, Stroke Impairment Assessment Set.
ROM, Range of Movement.

FMA, Fugl-Meyer Assessment.

MAL, Motor Activity Log.

AOU, Amount of Use.

QOM, Quality of Movement.

The values are mean + standard deviation (median).
**p<0.01,*p<0.05
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Table 3. Gain of each item and comparison with robot training and conventional training.

Robot training Conventional training

Knee-mouth 0.2+0.4 (0) 0.0£0.2 (0)

SIAS Finger-function 0.3+0.6 (0) 0.1+0.5 (0)
. Shoulder flexion 6.7£13.3 (0) —0.2+19.8 (0)
Active ROM [deg] g0 1der abduction 5.5+12.5 (0) —1.0+12.9 (0)

Shoulder and elbow* 1.94£3.2 (0) —1.3£2.9 (0)

Wrist 0.5+1.2 (0) —0.3+1.1 (0)

FMA Finger 0.7£2.3 (0) —0.122.1 (0)

Total 3.1#5.9 (1) —1.8+4.8 (0)

MAL AOQU** 0.2+0.2 (0.1) 0.1+0.1 (0)

QOM** 0.2+0.2 (0.1) 0.1+0.1 (0)

SIAS, Stroke Impairment Assessment Set.
ROM, Range of Movement.

FMA, Fugl-Meyer Assessment.

MAL, Motor Activity Log.

AOU, Amount of Use.

QOM, Quality of Movement.

participation. Of these 5 patients who discontinued
participation, 4 had complete paralysis including 3
with flaccid paralysis, and could not move the upper
extremity by themselves. Thus, as the subjects of the
final analysis, 21 patients were included, consisting of
10 who received robot-assisted training during the
former half period and 21 who received this training
during the latter half period. The characteristics of the
subjects are shown in Table 1. No adverse events due
to robot-assisted training occurred.

* Comparison between before and after each type

of training

The median values and mean values + SD for each
evaluation item before and after robot-assisted or
conventional training are shown in Table 2. After the
robot-assisted training, since patients performed shoulder
and elbow movements, significant improvement was
observed in the active angles of shoulder flexion and
abduction, FMA scores of the shoulder and elbow items,
and the total score for the FMA upper extremity motor
items. In addition, FF of SIAS and AOU and QOU of
MAL also improved. After the conventional training,
AOU and QOU of MAL significantly improved.

» Comparison of gains between robot-assisted and

conventional training

The gains after the robot-assisted and conventional
training are shown in Table 3. The gain in the FMA
shoulder and elbow items was 1.9 + 3.2 (median, 0)
after the robot-assisted training and -1.3 + 2.9 (median,
0) after the conventional training, showing significant
improvement after the former (p < 0.05). The gains in
AOU and QOM of MAL were both 0.2 + 0.2 (median,
0.1) after the robot-assisted training and 0.1+0.1
(median, 0) after the conventional training, showing
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The values are mean + standard deviation (median).
**:p<0.01,*: p<0.05

significant improvement after the former (p < 0.01).
Discussion

This study, using a crossover design, showed that 2
weeks of robot-assisted training can improve the
proximal function of the paralyzed upper limb and the
frequency of its use in daily life in patients 6-12 weeks
after a stroke. As previous studies [8-10] have also
shown, more marked improvement was observed after
robot-assisted training than after conventional training.

Finley et al. performed 3 weeks of robot-assisted
therapy in stroke patients in the chronic stage, and
reported improvement in the total score for the upper
limb items of FMA by 1.2 [10]. In this study, the total
score for the upper limb items of FMA improved by
3.1 points after 2 weeks of robot-assisted training. The
difference in effects between the two studies may have
been associated with the duration since the stroke. In
convalescent patients, more marked effects may be
obtained even after short-term training. Volpe et al.
administered 6 weeks of robot-assisted training to
stroke patients in the chronic stage, and observed an
approximately 3-point increase in the score for FMA
shoulder and elbow items [8]. In this study, the score
for FMA shoulder and elbow improved by 1.9 points,
which suggests that further functional improvement
can be achieved by longer-term intervention.

In this study, since the subjects consisted of patients
6-12 weeks after a stroke, the influences of spontaneous
recovery during the study period cannot be ignored.
Hendricks et al. reported that spontaneous recovery
contributes to motor function until 6 months after
onset [16]. Therefore, in this study, to exclude the bias
of spontaneous recovery, effects were evaluated using
a crossover method. In terms of the results, functional
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improvement after 2 weeks of conventional training
was slight while improvement after robot-assisted
training was comparable to or more marked than the
improvement reported in previous studies.

In this robot-assisted training, shoulder and elbow
flexion and extension were used and repeated more
than 1,000 times/day. Frequent movement repetitions
and an increase in the amount of training may have
been effective for improving the function. The ARM
Robot uses an algorithm appropriate for the degree of
paralysis. The algorithm adjusts the level of difficulty
as a major element of motor learning, which may have
been one of the factors associated with functional
improvement. Visual and somatosensory feedback,
such as reaching in the movement direction while
confirming with the monitor, may also have contributed
to the improvement.

In this study, in addition to the motor function,
MAL as an index for evaluation of the frequency of
use in daily life was employed as an evaluation scale,
and MAL improved after robot-assisted training. This
improvement suggests that spontaneous use of the
paralyzed upper limb was induced in parallel to
functional improvement after targeted repetitive training.
Concerning the number of repetitive movements and
spontaneous use of the upper extremity, Han et al.
reported that upper extremity movement should be
repeated 420 times or more per session for the appearance
of spontaneous use, and that spontaneous use is
subsequently maintained by more than 1,000 movements/
day [17]. In this study, functional improvement was
observed probably because the movement was repeated
more than 1,000 times, increasing spontaneous use. In
addition, since robot-assisted training was added to
conventional training, there is also a possibility that
the increase in the training time is associated with
functional improvement on the affected side.

Van der Lee et al. reported that the minimum
clinically important difference of MAL was 0.5 points
[18]. The results of the present study were below this
value. In the present subjects, the mean total upper
extremity score on FMA at the initiation of the study
was 13.1 (median, 8), and the mean scores for AOU
and QOM of MAL were both 0.3 (median, 0). This
may have been due to the entry of many patients with
severe paralysis. Finley et al. also performed ARM
Robot therapy in patients with severe paralysis, and
showed significant improvement in FMA but slight
clinical improvement [10]. Therefore, even if significant
differences are observed, further studies are necessary
to determine whether the paralyzed upper extremity can
be clinically used. In addition, the number of patients in
this study may have been insufficient. The validity of
statistical interpretation should be carefully considered.

In the future, it is necessary to compare the robot-
assisted training group and control group based on a
design with the same training time, to use an adequate

number of samples, and to determine whether the
effects of robot-assisted training are maintained. In
this study, the lower limb function was not evaluated
because the robot-assisted training was aimed at
improving the upper extremity function. Further
evaluation is necessary to determine whether or not
improvement of the upper extremity function is related
to that of the lower extremity function.
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