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The Effect of an Upper Limb Rehabilitation
Robot on Hemispatial Neglect in Stroke Patients
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Objective To investigate the effectiveness of an upper limb rehabilitation robot therapy on hemispatial neglect in
stroke patients.

Methods Patients were randomly divided into an upper limb rehabilitation robot treatment group (robot
group) and a control group. The patients in the robot group received left upper limb training using an upper
limb rehabilitation robot. The patients sat on the right side of the robot, so that the monitor of the robot was
located on the patients’ left side. In this position, patients could focus continuously on the left side. The control
group received conventional neglect treatment, such as visual scanning training and range of motion exercises,
administered by occupational therapists. Both groups received their respective therapies for 30 minutes a day,
5 days a week for 3 weeks. Several tests were used to evaluate treatment effects before and after the 3-week
treatment.

Results In total, 38 patients (20 in the robot group and 18 in the control group) completed the study. After
completion of the treatment sessions, both groups showed significant improvements in the Motor-Free Visual
Perception Test 3rd edition (MVPT-3), the line bisection test, the star cancellation test, the Albert’s test, the
Catherine Bergego scale, the Mini-Mental State Examination and the Korean version of Modified Barthel Index.
The changes in all measurements showed no significant differences between the two groups.

Conclusion This present study showed that the upper limb robot treatment had benefits for hemispatial neglect
in stroke patients that were similar to conventional neglect treatment. The upper limb robot treatment could be a
therapeutic option in the treatment of hemispatial neglect after stroke.
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INTRODUCTION

Hemispatial neglect is a relatively frequent conse-
quence of lesions from the right hemisphere stroke, and
an important indicator of a poor functional outcome. It
refers to the phenomenon of neglecting normal stimuli
coming from the external space of the paretic side and
showing no response to those stimuli, despite there being
no problems with vision and the visual field [1]. Hemis-
patial neglect is also often expressed by other terms, such
as visual neglect, visuospatial neglect, and visual inat-
tention [2]. Hemispatial neglect frequently occurs when
there is a lesion in the right inferior parietal lobe, thala-
mus, and basal ganglia [3-6]. As the right hemisphere
plays a major role in spatial attention, the symptoms of
hemispatial neglect are known to be more severe and
persist longer than when a lesion is located in the right
hemisphere compared to the left hemisphere [7-9]. In the
case of hemispatial neglect patients, problems in the pro-
cess of rehabilitation, such as a slow recovery from hemi-
plegia, balance problems, and increased hospitalization
periods, are greater compared to stroke patients without
hemispatial neglect [10-13].

Among hemispatial neglect treatment techniques,
three of the most widely validated hemispatial neglect
treatments are visual scanning training [14,15], limb ac-
tivation treatment [16], and prism adaptation treatment
[17,18]. In addition, optokinetic stimulation, neck muscle
vibration, trunk rotation, repetitive transcranial magnetic
stimulation, eye patching, and music therapy are also
used in treatment for hemispatial neglect [19].

Over the last decade, robots have been regarded as a
potential tool to achieve muscle strength recovery in
stroke patients through neurorehabilitation treatment,
and the clinical utilization of robots has been increasing
[20]. Besides, it has been found that upper limb rehabili-
tation methods using robot systems can provide safe and
intensive treatment to subacute and chronic stroke pa-
tients [21]. In addition, there was an observational study
showing improvements in arm function following robot-
assisted arm rehabilitation in stroke patients [22].

To our knowledge, no study has used upper limb reha-
bilitation robots in hemispatial neglect treatment, except
for a case study. The aim of this study was to identify the
effects and potential benefits of the upper limb rehabili-
tation robot on hemispatial neglect in subacute stroke
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patients. We hypothesized that if the upper limb rehabili-
tation robot treatment was carried out on the left side of
the patient, the effects of visual scanning training, limb
activation, or task-oriented treatment could be obtained.

MATERIALS AND METHODS

Study subjects

Right hemisphere stroke patients with left hemispatial
neglect were recruited in this study from January 2014
to April 2015. Hemispatial neglect was diagnosed when
bisection deviated 5 mm or more to the right side in the
line bisection test [23]. Among the patients, those with
any past medical history of brain damage, stroke, and
other neurologic or neuropsychiatric disease were ex-
cluded from this study. Also, those who could not under-
go robot treatment or hemispatial neglect tests due to se-
vere cognitive impairment were excluded. Patients with
below second-grade left upper extremity muscle strength
in a manual muscle test, those who had any visual field
defect, or those with a seriously declined sitting balance
interfering with upper extremity rehabilitation robot
treatment in a sitting position on a chair with a back
and armrests, were also excluded from the study. Before
enrollment in the study, all patients received general
physical, occupational and cognitive therapies. Approval
for the study was obtained from the Institutional Review
Board of Dong-A University Hospital (No. 15-156), and
written consent was received from all patients.

Included patients were randomly assigned either to
the upper limb rehabilitation robot group (robot group)
or to the control group. The patients in the robot group
received hemispatial neglect treatment using the upper
limb rehabilitation robot. The control group received
conventional neglect treatment, such as visual scanning
training and range of motion exercises, administered by
occupational therapists. Both the upper limb rehabilita-
tion robot and the control groups received treatment for
30 minutes per day, 5 days a week for 3 weeks. In addi-
tion, occupational therapists conducted conventional
occupational therapy and daily living activity training on
both groups for 30 minutes a day. Physical and cognitive
therapies of the same length of time were applied to all
patients.
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Robot treatment programs

The Neuro-X system (Apsun Inc., Seoul, Korea) was
used for the robot treatment of hemispatial neglect. Dur-
ing the treatment, each patient sat on the right side of
the robot so that the monitor was located to the left side
of the patient (Fig. 1). In this position, the patient could
focus continuously on the left side. The robot treatment
program was implemented through games that induce
passive and active assistive exercises of the wrist, elbow,
and shoulder joints, and the games consisted of two types
of isometric exercises and two types of range of motion
exercises. The isometric exercises were comprised of an
archery game which programmed to hit apples appear-
ing on the left and right sides of the monitor without any
determined order and a goalkeeper game, which pro-
grammed to block a ball randomly approaching the bot-
tom left and right sides of the monitor (Fig. 2A, 2B). The
range of motion exercises were conducted in a passive or
an active assistive mode and they consisted of a dolphin
circus game and a skateboard game (Fig. 2C, 2D). All the
game programs prompted the participants’ concentra-
tion through sound effects.

During robot treatment, occupational therapists moni-
tored the patients for diligently following the progression
of the robot programs, measured the patients’ muscle
strength before the robot programs began, and helped
the patients when the games had to be changed from
time to time.

Fig. 1. Neuro-X system, an upper limb rehabilitation
robot, consisted of a monitor and upper limb exercise
equipment. The subject’s posture was deviated at the
right side from the robot.

Evaluation methods

Treatment effects were evaluated through the Motor-
Free Visual Perception Test 3rd edition (MVPT-3), the
line bisection test, the star cancellation test, the Albert’s
test, the Catherine Bergego scale (CBS), the Mini-Mental
State Examination (MMSE), and the Korean version of
Modified Barthel Index (K-MBI). These indicators were
measured before and after the 3-week treatment by the
occupational therapists and physical therapists who did
not participate firsthand in the treatment, and the CBS
results were prepared with assistance from the caregiv-
ers.

The MVPT-3, made up of totaling 65 items, is a tool to
evaluate the patient’s visual perception and consists of
six categories: visual discrimination, form consistency,
visual short-term memory, visual closure, spatial orienta-
tion, and figure ground [24]. Higher scores indicate better
visual perception abilities. In the line bisection test, dif-
ferences between the centers of the lines perceived by the
patient and the actual centers of the lines were divided
by half of the bisected lines and the average value deter-
mined by adding all the values in percentages was taken
as the resultant value of the line bisection test [25]. The
star cancellation test evaluates the subject’s scan ability
and comprises 56 small stars, 52 large stars, words, and
characters. In this test, the total number of small stars
marked by the subject was evaluated. In the Albert’s test,
the number of lines marked by the patient out of the 18
lines located on the left side of the test paper was taken
as the resultant value [26]. The CBS is the only tool that
enables the evaluation of not only hemispatial neglect
in personal (body parts or on the body surface), peri-
personal (within an arm’s reach), and extra-personal
(beyond an arm’s reach) spaces, but also perceptual and
representational attention, and motor domains [27].
Moreover, the CBS enables direct evaluation of declines
in ability to perform daily living activities and restrictions
in participation using 10 items [19].

Statistical analysis

The SPSS ver. 21.0 for Windows (IBM, Armonk, NY,
USA) was used for statistical analysis. Comparisons of
the robot group and the control group were statistically
processed through Mann-Whitney U tests. Also, an evalu-
ation of all the indicators, including various indicators
to determine the degree of hemispatial neglect, was con-

613

WWW.e-arm.org



Yoon Sik Choi, et al.

#+ 007370200

ez 06:14) EXE G

== 00220200 mmu» 08:06 B F=

Fig. 2. Four game programs on the Neuro-X system (Apsun Inc., Seoul, Korea). (A) Archery game, (B) goalkeeper game,

(C) dolphin circus game, and (D) skateboard game.

ducted using the Wilcoxon signed-rank test. Statistical
significance was defined for cases where the p-value was
below 0.05.

RESULTS

During the study period, 124 right hemisphere stroke
patients had been admitted to our department. In total,
78 patients were excluded from the study and 46 patients
who had left hemispatial neglect after right hemisphere
stroke were recruited. From these, 23 patients were as-
signed at random to either the robot group or the control
group. Eight patients dropped out due to early discharge
from the hospital or declines in their medical condition.
Finally 38 patients, 20 in the robot group and 18 in the
control group, completed all treatment sessions (Fig. 3).
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The robot group consisted of 12 males and 8 females, and
the mean age of the patients was 60.8 years. In the group,
13 patients had ischemic stroke, while 7 had hemorrhagic
stroke, and the mean period after the onset of stroke was
37.4 days. The control group consisted of 8 males and
10 females, and the mean age of the patients was 63.2
years. Twelve of the patients had ischemic stroke, while
6 had hemorrhagic stroke, and the mean period that
passed after the onset of stroke was 37.9 days. There was
no significant difference between the two groups regard-
ing the initial values of the evaluation factors, including
baseline characteristics, the manual function test, and
the Modified Ashworth Scale (Table 1). After the 3-week
hemispatial neglect treatment, significant improvements
were observed in both groups compared to before the
treatment in the values of the MVPT, the line bisection,
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Right hemisphere stroke
(n=124)

78 Excluded:

7 had a previous stroke

; 5 also had visual field

; 9 also had visual field

6 had a poor medical condition

history

16 had cognitive impairment (MMSE<18)

defect

21 had upper limb weakness (MMT<Grade 2)
28 did not have hemispatial neglect

defect

v

Left hemispatial neglect
(n=46)

A

A

Upper limb rehabilitation
robot treatment (n=23)

Conventional neglect
treatment (n=23)

3 Discharged early

4_

5 Dropped out:
4 discharged early
1 declined medical condition

Complete treatment

Fig. 3. The algorithm for enroll-

Complete treatment

ment of the subjects. MMSE,
Mini-Mental State Examination;

sessions (n=20) sessions (n=18) MMT, Manual Muscle Test.
Table 1. Baseline characteristics of two groups
Variable RG (n=20) CG (n=18) p-value

Age (yr) 60.75+12.54 63.17+11.12 0.482
Sex (male:female) 12:8 8:10

Lesion (ischemic:hemorrhagic) 13:7 12: 6

Duration (day) 37.40+£15.93 37.94+16.93 0.977
MET 5.90+3.63 5.22+3.20 0.536
MAS 0.350.56 0.50+0.69 0.508
MVPT-3 17.70+£6.33 16.11+4.17 0.649
Line bisection 36.62+14.24 35.93+£13.28 0.930
Star cancellation 17.80+10.31 13.83+7.73 0.387
Albert’s test 7.20+4.40 5.44+3.24 0.217
CBS 22.50+4.14 23.89+3.14 0.340
MMSE 20.95+3.19 20.44+2.68 0.676
K-MBI 24.30+£9.98 21.06+£10.76 0.341

Values are presented as meantstandard deviation.
RG, robot group; CG, control group; MFT, Manual Function Test; MAS, Modified Ashworth Scale; MVPT-3, Motor-Free
Visual Perception Test-3rd edition; CBS, Catherine Bergego Scale; MMSE, Mini-Mental State Examination; K-MBI, Ko-
rean version of Modified Barthel Index.
*p<0.05 by Mann-Whitney U test.

the star cancellation test, the Albert’s test, the CBS, the
MMSE, and the K-MBI (p<0.05) (Table 2). No significant
differences were observed in the extent of change before

and after treatment for any of the individual indicators

between the two groups (Table 3). During the robot treat-
ment, there were no treatment side effects, such as dizzi-
ness and upper extremity pain.
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Table 2. Change of measurements by neglect treatment

RG (n=20) CG (n=18)
Measurement
Pre Post Pre Post

MVPT-3 17.70+6.33 25.90+9.21*% 16.11+4.17 22.89+7.77%
Line bisection 36.62+14.24 25.53+11.32* 35.93+13.28 28.46+12.56*
Star cancellation 17.80+10.31 25.60+11.51* 13.83+7.73 19.78+8.93*
Albert’s test 7.20%4.40 11.05%3.90* 5.44+3.24 9.8914.24*
CBS 22.50+4.14 18.80+4.94* 23.89+3.14 19.61+3.53*
MMSE 20.95+3.19 22.40+3.14* 20.44+2.68 21.67£2.50*
K-MBI 24.30+9.98 36.85+£11.98* 21.06+10.76 33.78+£12.44*

Values are presented as mean+tstandard deviation.

RG, robot group; CG, control group; MVPT-3, Motor-Free Visual Perception Test-3rd edition; CBS, Catherine Bergego
Scale; MMSE, Mini-Mental State Examination; K-MBI, Korean version of Modified Barthel Index.

*p<0.05 by Wilcoxon signed-rank test.

Table 3. Changes of measurements between two groups

RG (n=20) CG (n=18) p-value
AMVPT-3 8.20+4.85 6.56+4.87 0.411
ALine bisection  -11.10+9.40 -7.46%+10.11 0.306
AStar cancellation  7.90+5.46 5.94+4.96 0.325
AAlbert’s test 3.85+2.08  4.44+2.66 0.477
ACBS -3.70£2.25 -4.28%+1.53 0.415
AMMSE 1.45%2.06 1.22+2.13 0.656
AK-MBI 12.55+4.12  12.72+4.00 0.735

Values are presented as meantstandard deviation.

RG, robot group; CG, control group; MVPT-3, Motor-
Free Visual Perception Test-3rd edition; CBS, Catherine
Bergego Scale; MMSE, Mini-Mental State Examination;
K-MBI, Korean version of Modified Barthel Index.
*p<0.05 by Mann-Whitney U test.

DISCUSSION

The present study aimed to identify the effects of an
upper limb rehabilitation robot on hemispatial neglect.
Our results showed that the upper limb rehabilitation ro-
bot treatment had therapeutic effects similar to those of
the conventional hemispatial neglect treatment. We also
demonstrated an improvement in upper extremity func-
tion by using the upper limb rehabilitation robot that had
already been proven.

We hypothesized that our methods of applying the
upper limb rehabilitation robot to the left side of the
patients could have similar effects to those of the conven-
tional neglect treatment, such as visual scanning train-
ing, limb activation, or task-oriented treatment.
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Visual scanning training was to lead to a re-orientation
of visual scanning toward the neglected side. It is the
most common and the best-studied neglect rehabilita-
tive intervention, because of its ease of administration
and cost-effectiveness. Many studies have compared a
specific neglect therapy to visual scanning training, the
effectiveness of which has been proven [2]. In the pres-
ent study, the reason the upper limb rehabilitation robots
showed effects similar to those of visual scanning train-
ing-centered conventional hemispatial neglect treatment
is that the game programs appearing on the monitor lo-
cated on the left played the role of visual scanning train-
ing.

The motor circuits and the attention functions of the
brain are closely linked, as the activation of the upper
limb on the opposite side of the lesion stimulates neural
networks in the brain that assist in space perception [28].
Several studies have reported that movements of the left
arm toward the left side space relieve hemispatial neglect
[29,30]. In addition, Brunila et al. [31] published study
results indicating that visual scanning training and limb
activating treatment conducted together can serve to en-
hance the generalization of the effect to functional skills.
In our study, upper limb rehabilitation could activate the
left upper arm toward the left side space by task-oriented
actions consisting of active and passive movements.

The rehabilitation robot treatment, has received atten-
tion recently for stroke rehabilitation, as it enables stroke
patients to perform repetitive and intensive task-specific
movements with the appropriate help and guidance of
therapists [32]. During the upper limb rehabilitation ro-
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bot treatment, information on the monitor can provide
visual feedback to help goal-oriented movements [20]. In
addition, robot games can arouse and maintain the pa-
tients’ interest in treatment.

According to the literature review, multiple previous
studies have revealed the effect of the upper limb re-
habilitation robot on functional improvement in stroke
patients. In a large-scale upper limb rehabilitation ro-
bot study conducted with chronic stroke patients with
moderate to severe functional impairment, Lo et al. [33]
reported on results that proved the long-term effects
of intensive upper limb rehabilitation robot treatment.
Mazzoleni et al. [21] applied upper limb rehabilitation
robots that could horizontally move to 25 sub-acute and
chronic stroke patients and they reported that upper limb
rehabilitation robots were effective for improvements in
functional disorders of the upper extremities after stroke.

However, hemispatial neglect is a disease resulting
from many heterogeneous disorders, and as the degrees
of neurological deficits and the subtypes of hemispatial
neglect differ by the patient, it is difficult to select the
most effective option from many hemispatial neglect
treatments [1]. Recently, a case study reported that the
extent of hemispatial neglect decreased after passive
joint movements of the left hand using a hand rehabilita-
tion robot for two weeks in patients with left hemispatial
neglect [34]. Although this case series study was the first
study to use rehabilitation robots in the treatment of
hemispatial neglect, it was limited in that there was no
control group and only passive movements of the hand
were performed. By comparison, our study is considered
meaningful in that upper limb rehabilitation robots that
enable passive and active movements of the upper ex-
tremities were compared with conventional hemispatial
neglect treatments for the first time.

The present study had several limitations. First, the
number of patients was small and the long-term effects of
upper limb rehabilitation robots for hemispatial neglect
treatment were not evaluated. Second, a sham group of
patients who did not receive hemispatial neglect treat-
ment was not included in the study due to ethical rea-
sons. Thus the possibility that improvements in hemispa-
tial neglect were natural could not be eliminated. Third,
as hemispatial neglect evaluation tools, except for the
CBS, were limited to the evaluation of hemispatial ne-
glect in the peri-personal space, selection bias could not

be fully eliminated. Larger studies with more patients
and with long-term follow-up, as well as evaluation indi-
cators that can evaluate subtypes of hemispatial neglect,
are considered necessary.

In conclusion, the present study showed that upper
limb robot treatment had benefits for hemispatial neglect
in stroke patients that was similar to conventional neglect
treatment. Applying the upper limb rehabilitation robot
treatment on the left side of patients could induce the ef-
fects of visual scanning, limb activation, or task-oriented
treatment. Our method was also safe and easy to apply
in clinical settings. We suggest that this upper limb robot
treatment could be a therapeutic option in the treatment
of hemispatial neglect after stroke.
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