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Effect of Upper Extremity Robot-Assisted
Exercise on Spasticity in Stroke Patients

Kyeong Woo Lee, MD, Sang Beom Kim, MD, Jong Hwa Lee, MD, Sook Joung Lee, MD, Seung Wan Yoo, MD

Department of Physical Medicine and Rehabilitation, Dong-A University College of Medicine &
Busan-Ulsan Regional Cardiocerebrovascular Center, Busan, Korea

Objective To determine the efficacy of a stretching and strengthening exercise program using an upper extremity
robot, as compared with a conventional occupational therapy program for upper extremity spasticity in stroke
patients.

Methods Subjects were randomly divided into a robot-assisted therapy (RT) group and a conventional
rehabilitation therapy (CT) group. RT group patients received RT and CT once daily for 30 minutes each, 5 days
a week, for 2 weeks. RT was performed using an upper-extremity robot (Neuro-X; Apsun Inc., Seoul, Korea), and
CT was administered by occupational therapists. CT group patients received CT alone twice daily for 30 minutes,
5 days a week, for 2 weeks. Modified Ashworth Scale (MAS) was used to measure the spasticity of upper extremity.
Manual muscle tests (MMT), Manual Function Tests (MFT), Brunnstrom stage, and the Korean version of Modified
Barthel Index (K-MBI) were used to measure the strength and function of upper extremity. All measurements were
obtained before and after 2-week treatment.

Results The RT and CT groups included 22 subjects each. After treatment, both groups showed significantly lower
MAS scores and significant improvement in the MMT, MFT, Brunnstrom stage, and K-MBI scores. Treatment
effects showed no significant differences between the two groups.

Conclusion RT showed similar treatment benefits on spasticity, as compared to CT. The study results suggested
that RT could be a useful method for continuous, repeatable, and relatively accurate range of motion exercise in
stroke patients with spasticity.
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INTRODUCTION in tonic stretch reflex, resulting from over-excitation of

the stretch reflex due to upper motor neuron lesions [1].
Spasticity is defined as a velocity-dependent increase It occurs frequently in patients with post-stroke hemiple-

Received March 17, 2016; Accepted July 1, 2016

Corresponding author: Seung Wan Yoo

Department of Physical Medicine and Rehabilitation, Dong-A University Hospital, 26 Daesingongwon-ro, Seo-gu, Busan 49201, Korea. Tel: +82-51-
240-5690, Fax: +82-51-254-8511, E-mail: fallilwy@naver.com

ORCID: Kyeong Woo Lee (http://orcid.org/0000-0001-8785-5535); Sang Beom Kim (http://orcid.org/0000-0002-5622-5933); Jong Hwa Lee (http://
orcid.org/0000-0003-2489-358X); Sook Joung Lee (http://orcid.org/0000-0002-6894-445X); Seung Wan Yoo (http://orcid.org/0000-0003-4955-6969).

@ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2016 by Korean Academy of Rehabilitation Medicine



Kyeong Woo Lee, et al.

gia. Excessive spasticity reduces patients’ range of motion
(ROM) to the extent that it obstructs daily living activities
and functional improvement, thereby adversely affecting
successful rehabilitation.

Various treatment methods are used to control spastic-
ity, such as exercise, drug therapy, electrostimulation,
surgery, and local nerve block using botulinum toxin
[2-5]. Conventional rehabilitation therapy for spasticity
administered by therapists includes passive stretching
and ROM exercise treatment. The amount and effects of
repetitive exercise manually induced by therapists may
differ according to the therapists’ levels of experience [6].

In recent decades, rehabilitation treatment using a ro-
bot has been developed to reproduce accurate motions
repeatedly with less input of physical effort and time by
therapists. Upper extremity rehabilitation treatment us-
ing robots has been available since the 1990s and the
clinical effects on upper extremity function recovery are
reported.

Studies on robotic assisted rehabilitation therapy in
stroke patients have shown significant improvement in
motor abilities of the exercised limb and enhanced func-
tional outcomes [7-11]. However, some studies indicated
that when the duration and intensity of conventional
treatment is matched with robotic treatment, motor
recovery, activities of daily living, strength, and motor
control show no group-wise differences [7]. Nevertheless,
additional sessions of robotic treatment promote better
motor recovery in patients with stroke, as compared with
additional conventional treatment [12].

Previously, studies indicated variable treatment effects
of robot-assisted rehabilitation treatment on upper ex-
tremity spasticity. Fazekas et al. [13] reported significant
change in Modified Ashworth Score (MAS) of shoulder
adductors and elbow flexor only in the robotic treatment
group. However, it reportedly has a small, non-significant
effect on muscle tone based on MAS in other studies
[10,11,14].

The aim of the present study was to evaluate the effect
of upper extremity rehabilitation robots on spasticity in
stroke patients. We conducted a randomized controlled
trial to evaluate upper extremity spasticity, motor power
and functions in response to therapy.
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MATERIALS AND METHODS

Subjects

The present study included subacute stroke patients
with upper extremity spasticity of 21 point on the MAS,
who were admitted to Department of Rehabilitation
Medicine of Dong-A University Hospital from April 2014
to January 2016. Exclusion criteria were non-compliance
due to cognitive impairment, medical history of stroke,
nervous system disease, or musculoskeletal disease, and
medical history of injury to an upper extremity or upper
chest area or surgery.

All patients had received general physical, occupational
therapies before enrollment in the study. The Institution-
al Review Board of Dong-A University Hospital approved
the study (No. 15-236), and written consent was obtained
from all patients.

Enrolled patients were randomly divided into two
groups including a robot-assisted rehabilitation therapy
(RT) group and a control group that received conven-
tional rehabilitation therapy (CT). The randomization
procedure was carried out by an independent person.
Enrolled patients were randomly allocated to one of the
two groups (RT or CT) in a 1:1 ratio using a computerized
table of random numbers.

The RT group performed robot-assisted upper extrem-
ity rehabilitation exercises once daily and conventional
upper extremity rehabilitation exercises once daily. The
CT group performed conventional upper extremity re-
habilitation exercises twice daily. Each training protocol
was applied over 20 sessions (30 minutes per session, 2
sessions per day, 5 days a week, for 2 weeks).

Robot assisted rehabilitation therapy programs

The RT exercise was delivered with the upper extremity
rehabilitation robot Neuro-X (Apsun Inc., Seoul, Korea)
(Fig. 1). Neuro-X robot allows patients to perform shoul-
der abduction-adduction and elbow flexion-extension
movements in the horizontal plane; it is a planar, two-
degree-of-freedom robot providing exercises to the upper
extremity as the patient’s paretic arm moves along 360°
horizontal rotational motion, with an end effector. The
design of the robot is based on 2 axis selective compli-
ance assembly robot arm (SCARA) [15]. This device has
several treatment modes, including a continuous passive
motion exercise (CPM), and controlled assisted move-
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ment exercise (CAM, or active assisted exercise). The
robots were controlled with the on-off control algorithm.
As participants attempt to move the handle, the robot’s
sensor detects the movement and measures the strengths
(Appendix 1); the robotic assist is turned on when mea-

Fig. 1. Schematic of a Neuro-X (Apsun Inc., Seoul, Korea)
working method.

b : 360° CPM

: 360" CAM

sured strengths exceed previous setting thresholds.
Previous setting thresholds were obtained at the start of
each treatment sessions to determine proper exercise
intensity. Thresholds were evaluated through isokinetic
measurement test in the robot program.

For all robot tasks, the patients were seated on an ad-
justable chair in front of a monitor. The paretic arm was
placed in a customized arm support fixed to the robot
end-effector. The therapist monitored the patient’s shoul-
der joint in order to maintain joint position. If needed,
patients’ trunk was restrained by a harness to decrease
compensatory movements.

Two forms of robotic therapy such as continuous pas-
sive and active-assisted isokinetic exercise were provid-
ed. Subjects performed 10 minutes of continuous passive
exercise and 20 minutes of active assisted exercise. Before
the active assisted exercise, subjects’ motor thresholds
were evaluated through isokinetic measurement test in
the robot’s software program, and subjects subsequently
performed the exercise. Several game programs includ-
ing basic CPM and CAM mode, grinding millstone game,
jumping rope game were used in RT exercise (Fig. 2).
During this intervention, the robot provided horizontal
rotational movement at an angular velocity of 30° per
second, allowing shoulder abduction-adduction and el-
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Fig. 2. Four game programs on
the Neuro-X system (Apsun Inc.,
Seoul, Korea). (A) Basic conti-
nuous passive motion exercise
(CPM) mode. (B) Basic controlled
assisted movement exercise
(CAM) mode. (C) Grinding mill-
stone. (D) Jumping rope.
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bow flexion-extension. During the training, each subject
could carry out ROM and stretching exercise on elbow
flexion and extension in the elbow range from 0° to 120°,
with 0° representing full extension, and -20° of horizontal
shoulder adduction and 65° of horizontal shoulder ab-
duction (Fig. 3).

During RT, patients who performed ROM exercise could
get feedback from the monitor, and the upper extrem-
ity motor power could be measured to allow resistant
exercise. Spastic muscles were stretched and antagonist
muscles were contracted in shoulder abductor, adductor
and elbow flexor and extensor during the exercises. A bar
gauge with a preset target point for the patient is used to
monitor the robot. The movement of game program and
patient’s movement were synchronized, so all ROM ex-
ercise could be conducted. Through RT, stiffened upper
extremities could be stretched and muscle-strengthening
exercises could be induced.

The upper extremity rehabilitation therapy was imple-
mented under the supervision of occupational therapists,
who monitored patient’s postural movements to limit or
prevent postural variation of trunk and/or shoulder, and
performed program changes.

Conventional rehabilitation therapy programs

In the CT group, stretching and strengthening exercises
were induced by the occupational therapists, and passive
and/or active assistive ROM exercises were implemented
based on the patient’s motor power and ability.

Evaluation methods

To examine the degrees of improvement in the two
groups, the following tests were administered before and
after the 2-week implementation of upper extremity re-
habilitation training.

Spasticity was evaluated using the MAS [16] by measur-
ing the elbow flexor and horizontal shoulder adductor.
The MAS facilitates passive evaluation of ROM, regard-
less of speed. When measuring the MAS of horizontal
shoulder adduction, patient’s shoulder was held in 90°
forward flexion by the examiner. The manual muscle test
(MMT) was used to measure muscle strength. Upper ex-
tremity motor functions were evaluated using the Manual
Function Test (MFT) [17]. This test scores upper extrem-
ity exercise, grip strength, and finger manipulation abili-
ties for a possible total of 32 points. Brunnstrom stages
show the degree of motor function recovery [18]. K-MBI

www.e-arm.org

Fig. 3. Neuro-X system, an upper
limb rehabilitation robot, con-
sisted of a monitor and upper limb
exercise equipment. (A) Paretic
arm is placed in a custom-made
arm support fixed to the robot. (B)
Robot system affording horizontal
rotational movement training of
upper extremity. (C) Robot system
delivering elbow extension. (D)
Robot system delivering shoulder
abduction. (E) Robot system de-
livering elbow flexion. (F) Robot
system delivering shoulder adduc-
tion.
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Stroke
(n=409)

351 Excluded:
22 had a poor medical condition
14 had a previous stroke history
38 could not cooperate
4 had upper limb injury
273 did not have spasticity

A

v

Spastic upper limb (n=58)

Upper limb rehabilitation
robot treatment (n=29)

v

Conventional treatment
(n=29)

7 Dropped out:
6 discharged early
1 declined medical condition

7 Dropped out:
5 discharged early

A

2 declined medical condition

4_

A4
Complete treatment
sessions (n=22)

was administered to evaluate degree of self-reliance in
daily living activities. None of the drugs or performance
of procedures that could affect spasticity were changed
during the study period.

Statistical analysis

Statistical analyses were conducted using SPSS ver. 18.0
for Windows (SPSS Inc., Chicago, IL, USA). The Wilcoxon
signed-rank test was used to evaluate outcome measure-
ments before and after treatment in each group. For com-
parison between the two groups, statistical processing
was conducted with the Mann-Whitney U-test. A statisti-
cal significance level was set at p<0.05.

RESULTS

During the study period, 409 stroke patients were ad-
mitted to our department. Among them, 58 patients
showed upper extremity spasticity and were enrolled
in the study. Twenty-nine patients each were assigned
randomly to the RT or the CT group. Fourteen patients
dropped out due to early discharge from the hospital and
decline in medical condition. Finally, 44 subjects were
included, and completed the study (Fig. 4). Average age
of the RT group (n=22) was 50.27+11.11 years and CT
group (n=22) was 52.32+8.66 years. Basic information

A 4

Complete treatment
sessions (n=22)

Fig. 4. The algorithm for subject
enrollment.

was similar between the two groups. MAS, MMT, MFT,
Brunnstrom stages, and K-MBI showed no significant dif-
ferences between the two groups (Table 1).

After the 2-week upper extremity treatment for spastic-
ity, significant improvements were observed in the values
of the MAS on elbow flexor and shoulder adductor, the
MMT of shoulder abductor, shoulder adductor, elbow
flexor, elbow extensor and the MFT, the Brunnstrom
stage, the K-MBI in both groups, as compared to before
treatment (p<0.05) (Table 2).

The MAS, MMT, MFT, Brunnstrom stage, and K-MBI
scores showed no significant differences in treatment ef-
fects of the two groups (Table 3).

During the RT, no other complications related to up-
per extremity robot, such as increased shoulder or elbow
pain, or skin damage occurred.

DISCUSSION

Spasticity is one of the clinical symptoms of central ner-
vous system disease due to various causes. It can be ob-
served in stroke patients during the neurologic recovery
process. Spasticity can accelerate fine motion disability
and synkinesis and suppress antagonistic muscles to hin-
der voluntary motor functions, leading to muscle atro-
phy, joint contracture, and adverse effect on the ability to
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Table 1. Baseline characteristics

RT (n=22) CT (n=22) p-value

Age (yr) 50.27+11.11 52.32+8.66 0.706
Sex (male:female) 15:7 14:8
Lesion

Ischemic:hemorrhagic 13:9 12:10

Cortical:subcortical 20:2 20:2
Paretic side (right:left) 11:11 13:9
Days from stroke onset 40.91+22.83 41.86+20.28 0.760
MAS

Elbow flexor 1.91+0.92 2.09£0.61 0.438

Shoulder adductor 1.77+£0.81 1.82+0.73 0.781
MMT

Shoulder adductor 2.18+0.39 1.774£0.92 0.145

Shoulder abductor 1.77+0.92 1.44+0.82 0.185

Elbow flexor 1.60+1.08 1.40+0.82 0.249

Elbow extensor 1.60+1.08 1.40+0.82 0.249
MET 6.77+£4.81 6.32+4.80 0.990
Brunnstrom stage 3.14+1.28 2.91+1.19 0.663
K-MBI 43.95+19.20 45.27+13.87 0.621

Values are presented as meantstandard deviation.
RT, robot assisted therapy; CT, conventional rehabilitation therapy; MAS, Modified Ashworth Scale; MMT, manual
muscle test; MFT, Manual Function Test; K-MBI, Korean version of Modified Barthel Index.

Table 2. Changes of measurements after exercise

RT (n=22) CT (n=22)
p-value p-value
Pre Post Pre Post

MAS

Elbow flexor 1.91+£0.92 1.50£0.74 0.003* 2.09+0.61 1.86+0.77 0.025*

Shoulder adductor 1.77+0.82 1.36+0.49 0.003* 1.82+0.73 1.64+0.73 0.046*
MMT

Shoulder adductor 2.18+0.39 2.45+0.51 0.014* 1.77£0.92 1.95+1.05 0.046*

Shoulder abductor 1.77+£0.92 2.05+1.09 0.014* 1.44+0.82 1.60+1.00 0.046*

Elbow flexor 1.60+1.08 1.84+1.25 0.014* 1.40+0.82 1.56+0.96 0.046*

Elbow extensor 1.60+1.08 1.84+1.25 0.014* 1.40+0.82 1.56+0.96 0.046*
MFT 6.77+4.81 8.41+5.40 0.000* 6.32+4.80 7.55+5.26 0.001*
Brunnstrom stage 3.14+1.28 3.55+1.47 0.003* 2.91+1.19 3.23+1.54 0.008*
K-MBI 43.95+19.20 53.91+18.92 <0.001 45.27+13.87 54.91+16.78 <0.001

Values are presented as mean+tstandard deviation.

RT, robot assisted therapy; CT, conventional rehabilitation therapy; MAS, Modified Ashworth Scale; MMT, manual
muscle test; MFT, Manual Function Test; K-MBI, Korean version of Modified Barthel Index.

*p<0.05 by Wilcoxon signed-rank test.

perform daily living activities [19]. Treatments for spas- using phenol or botulinum toxin, electro-stimulation,
ticity include physical therapy, drug treatment, surgery and extracorporeal shock wave therapy. The effects of
such as selective posterior rhizotomy, local nerve block these therapies differ among patients, have high costs,
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Table 3. Comparison of the exercise effect between two groups

RT (n=22) CT (n=22) p-value Adjusted p-value®

AMAS

Elbow flexor -0.41%£0.50 -0.23+£0.43 0.201 0.898

Shoulder adductor -0.36+0.49 -0.23+£0.43 0.327 0.834
AMMT

Shoulder adductor 0.27%0.46 0.18+0.39 0.477 0.758

Shoulder abductor 0.27+0.46 0.14+0.35 0.268 0.864

Elbow flexor 0.27+0.46 0.14+0.35 0.268 0.864

Elbow extensor 0.27£0.46 0.18+0.39 0.477 0.758
AMFT 1.64+1.53 1.23+£1.80 0.235 0.790
ABrunnstrom stage 0.41+0.50 0.32+0.48 0.536 0.729
AK-MBI 9.95+7.09 9.55+£6.46 0.953 0.579

Values are presented as mean+tstandard deviation.

RT, robot assisted therapy; CT, conventional rehabilitation therapy; MAS, Modified Ashworth Scale; MMT, manual
muscle test; MFT, Manual Function Test; K-MBI, Korean version of Modified Barthel Index.

“Non-inferiority tests for two means.

and adverse effects.

Exercise is the basic treatment for spasticity and is
implemented first because of ease in application and few
adverse effects. Stretching exercise is effective in reducing
spasticity because it increases the expansibility of the tis-
sues [6,20-22]. However, conventional exercise treatment
might be less efficient or patients might not concentrate
on the treatment and have a negative awareness because
the same motion is induced for a long time by the thera-
pist [23,24]. Jung et al. [25] and Kim et al. [26], compared
upper extremity stretching devices vs. no stretching,
among 21 and 15 chronic stroke patients, respectively; in
both studies, the group that performed stretching exer-
cises experienced significant spasticity relief.

Several recent studies showed that strength exercise
does not increase spasticity or reduce ROM in the af-
fected limbs. Instead, strengthening training increases
strength, functional outcomes, and quality of life; and re-
duces musculoskeletal impairment, without exacerbating
spasticity in patients with upper neuron lesion including
stroke [27-29].

Some studies have shown that although robot-assisted
upper extremity rehabilitation therapy improved motor
ability and muscle strength, the performance of daily
living activities were not significantly improved [30-33]
possibly since previous robot-assisted upper extremity
rehabilitation therapy was limited to the proximal part of
the upper extremity. To achieve functional improvement,

harmony between the proximal part and the distal part is
essential [34,35]. However, our results showed functional
improvement after robot training, possibly due to some
degree of hand motion control in our patients.

Game programs included in robotic devices also have
positive effects, since they stimulate patients’ internal
competitive spirits and satisfy their desire for interac-
tions, thereby inspiring their will for treatment. The game
programs induce pleasure and interest in the rehabilita-
tion therapy, thus promoting motor learning [36,37]. The
robot assisted training responses in our study agreed with
the reported results on patients’ reactions to the game.

Previous studies showed diverse effects of robot-assist-
ed upper extremity rehabilitation therapy on spasticity.
Sale et al. [38] and Hesse et al. [39] reported decreases in
spasticity and improvements in motor ability; whereas,
Masiero et al. [10], Chang et al. [14], and Fasoli et al. [11]
reported that spasticity did not significantly decrease
despite improvement in upper extremity function and
muscle strength.

Robot devices can provide repetitive, highly intensive,
task-oriented, enhanced sensory feedback, and mutual
treatment. Task-specific and high-intensity exercise in
an active and functional manner has shown enhanced
motor recovery in stroke patients over a large number of
trials [11]. Systematic review of the results suggest that
when the duration/intensity of conventional rehabili-
tative care is matched with that of RT, motor function
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shows no significant difference between the two groups;
however, when the RT is used as additional therapy, the
motor function recovery in the RT groups is significantly
higher than the standard CT groups [12]. These results
differed from our findings in motor function. In our study
design, rehabilitation program was provided for the same
frequency and duration to both the RT and CT groups;
and total treatment sessions were the same, without ad-
ditional robotic intervention.

The MAS and MMT scores of upper extremity before
and after the 2-week treatment indicated significant re-
lief of spasticity and motor recovery in both RT and CT
groups. Treatment effects showed no significant group-
wise difference.

The CT sessions were time-matched with the RT ses-
sions. Rate of movement repetition was not precisely
matched to the robot, but overall intensity was greater
than that of a conventional exercise program [40]. Thus,
robot-assisted exercise might have a greater effect on
spasticity than conventional exercise.

In particular, the present study focused on implement-
ing active assistive muscle strengthening exercises to-
gether with stretching exercises. It is possible that the
action of the patients can have a stretching effect as well
as strengthening by active force to induce robotic move-
ment; in addition, it contributes to the positive effect on
the treatment process by encouraging active participa-
tion and motivation.

However, the present study had limitations in demon-
strating functional improvement effects, because of in-
ability to train the hand and insufficient functional evalu-
ation methods. Moreover, the treatment effects were
evaluated after a 2-week treatment regimen, which is a
relatively short period. In this study, we used outcome
measures focused on the shoulder abduction/adduction
and elbow flexion/extension movement only, and did not
control for other possible movement. Future studies with
larger numbers of patients, control group studies, and
studies on the effects of long-term continuous treatment
for spasticity are necessary.

In conclusion, the RT provided similar spasticity relief
as the CT. The RT can induce patients to perform accu-
rate motions repeatedly and motivate them to participate
in treatment by arousing interest through games; it can
be implemented safely under a therapist’s supervision
and can lighten therapists’ workloads. Our result sug-
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gested that the RT could be a useful method for continu-
ous, repeatable, and relatively accurate ROM exercise in
patients with spasticity.
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Appendix 1. Sensor specification

Specification Accuracy
Rated capacity (RC) 10-50,000 kgf/cm
Rated output (RO) 1.5 mV/V
Non-linearity <0.3% RO
Hysteresis <0.3% RO
Non-repeatability <0.3% RO
Terminal resistance, input 350 Q+1%
Terminal resistance, output 350 O+1%
Insulation resistance 2,000 MQ

Temperature effect on rated output
Temperature effect on zero balance
Excitation voltage

Safe overload

Cable

<0.1% Load/10°C
<0.1% RO/10°C
10V DC

150% RC

¢7 shield 5 m
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