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Objective To investigate the effect of upper limb rehabilitation combining robot with low-frequency repetitive
transcranial magnetic stimulation (rTMS) on unilateral spatial neglect in stroke patients.

Methods Patients who had hemispatial neglect after right hemisphere stroke were randomly divided into
rTMS only group, robot only group, and combined group. All groups received conventional neglect therapy and
additional treatment for each group. rTMS group received rTMS therapy. Robot group received robot therapy,
while combined group received both therapies. The effect of therapy was assessed with Motor-Free Visual
Perception Test-3 (MVPT-3), line bisection test, star cancellation test, Catherine Bergego Scale (CBS), Mini-Mental
State Examination (MMSE), and the Korean version of Modified Barthel Index (K-MBI). These measurements were
evaluated before and after treatment.

Results For each group, 10 patients were recruited. There were no significant differences in baseline characteristics
or initial values among the three groups. Two weeks after the therapy, all groups showed significant improvement
in MVPT-3, line bisection test, star cancellation test, CBS, MMSE, and K-MBI. However, changes in measurements
showed no significant differences among groups.

Conclusion Treatment effect of the combined therapy of robotic therapy and low-frequency rTMS therapy for
hemispatial neglect was not statistically different from that of each single treatment. Results of this study did not
prove the superiority of any of the three treatments. Further study with large number of patients is needed to
evaluate the superiority of these treatments.
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Combined Therapy on Hemispatial Neglect

INTRODUCTION

Hemispatial neglect denotes impaired or lost ability to
react to or process sensory stimuli (visual, auditory, tac-
tile, and olfactory) presented in the hemispace contralat-
eral to a lesion of the right or left cerebral hemisphere of
human [1]. Hemispatial neglect commonly occurs when
there are lesions in the right inferior parietal lobe, thala-
mus, and basal ganglia [2-5]. As the right hemisphere
plays a major role in spatial recognition, hemispatial ne-
glect symptoms are known to be more severe and persist
longer when the lesion is located in the right hemisphere
than that in the left hemisphere [6]. These patients are
limited in their ability to carry out activities of daily living
such as getting dressed and practicing personal hygiene.
In addition, unilateral spatial neglect hampers effects
of rehabilitation treatments and slows down functional
recovery [7-9]. Therefore, rehabilitation of hemispatial
neglect is essential to improve the quality of life (QOL) of
stroke patients.

The most widely used and proven treatments for hemis-
patial neglect are visual scanning training, limb activat-
ing treatment, and prism adaptation treatment [10-13].
Optokinetic stimulation, neck muscle vibration, trunk
rotation, eye patching, and music therapy have also been
used to treat hemispatial neglect [14].

In recent years, robotic therapy has been considered
as a potential tool to achieve muscle strength recovery
in stroke patients through rehabilitation. Its clinical ap-
plication has also been increasing [15]. Recent studies
have also demonstrated that robot-assisted hemispatial
neglect therapy is effective for the recovery of hemispatial
neglect [16]. By modifying the existing robot therapy in
another study, patient was placed on the right side of the
robot monitor [17]. The patient obtained visual scanning
effect in addition to the effect of robot therapy [17].

A previous study has reported that the combination of
low-frequency repetitive transcranial magnetic stimula-
tion (rTMS) therapy with a conventional therapy is more
effective in treating hemispatial neglect than the conven-
tional therapy alone [18]. Recently, it has been reported
that rTMS therapy has a synergic effect on the recovery
of hemispatial neglect when it is combined with other
therapies [19].

We hypothesized that a combination of rTMS therapy
and robotic therapy would be effective for hemispatial

neglect like other proven rTMS combined therapies due
to synergic effects. To test our hypothesis, the objective
of this study was to investigate the effect of combination
therapy of rTMS treatment with robot therapy on reha-
bilitation of hemispatial neglect in stroke patients.

MATERIALS AND METHODS

Subjects

This study was conducted on patients with left hemis-
patial neglect due to right-hemisphere stroke from Janu-
ary 2017 to December 2017. Hemispatial neglect was
defined as a mean deviation of 5 mm or more to the right
side determined by the line bisection test [20]. Among
these patients, those with the following conditions were
excluded from this study: (1) patients with a previous
history of brain injury, stroke, or other neurological or
neuropsychiatric disorder, (2) patients who could not
perform robotic therapy or hemispatial neglect test due
to cognitive decline, (3) patients whose muscle strength
on the left upper limb was below 2, (4) patients with vi-
sual field defect, and (5) patients whose sitting balance
was severely impaired to the extent that they could not
receive robot therapy.

All patients who met the eligibility criteria were ran-
domly assigned consecutively to the rTMS only group,
the robot only group, or the combined group using to a
computer-generated randomization table according to
random permuted blocks of three.

Intervention

All three groups received conventional rehabilitation
treatment for hemispatial neglect consisting of visual
scanning therapy and passive range of movement of
joints by occupational therapists. All three groups re-
ceived the conventional therapy 30 minutes a day, 5 days
a week for 2 weeks (10 times total). Each group received
separate treatments in addition to the conventional treat-
ment.

The rTMS group was further treated by rTMS therapy
with a coil stimulator shaped like a figure-8 at diameter
of 70 mm using MagPro (MagVenture Inc., Farum, Den-
mark). The coil was held with the handle posterior and
oriented sagittally and positioned on the scalp according
to the 10-20 system, an internationally recognized meth-
od to describe the relation between the location of scalp
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electrodes and underlying areas of the cerebral cortex.
The rTMS stimulation site corresponded with position P5
localized over the left posterior parietal cortex (Fig. 1A).
Session included 900 stimuli applied over contralesional
posterior parietal cortex at an intensity of 95% motor
thresholds and a frequency of 0.9 Hz [21].

Patients in the robot group received additional treat-
ment for hemispatial neglect using a rehabilitation robot
(Neuro-X; Apsun Inc., Seoul, Korea) for upper limbs.
During robot therapy, patient sat on the right side of the
robot with the robot’s monitor on the left side of the pa-
tient (Fig. 1B). Robot therapy program was conducted
through games that induced passive and active assistive
range of motion of the wrist, elbow, and shoulder joints.
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These games consisted of two isometric exercises and
two range of motion exercises. The two isometric exer-
cises used wrist extension and wrist flexion, in which the
default muscle strength for wrist extension and wrist flex-
ion in the patient were measured quantitatively before
the start of the game so that the game was continued only
when a force exceeding a certain level of strength was ap-
plied. These isometric exercises consisted of an archery
game, in which the patient shot apples randomly coming
from the top left and right of the monitor, and a goal-
keeper game, in which the patient blocked balls random-
ly flying from the bottom left and right of the monitor (Fig.
2A, 2B). The range of motion exercises were performed
in a passive or active assistive mode using shoulder ab-

Fig. 1. All groups received addi-
tional treatment. (A) The repeti-
tive transcranial magnetic stimu-
lation treatment was applied
to the contralesional posterior
parietal cortex at an intensity 95%
motor thresholds and a frequency
of 0.9 Hz. (B) During robot ther-
apy, monitor was settled on the
left side of patients to keep their
attention to the left side.

wu= 08:06 T FH™

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) skate-
board game.
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duction, shoulder adduction, and elbow extension and
flexion. They consisted of a dolphin & circus game and
a skateboard game (Fig. 2C, 2D). All game programs in-
cluded sound effects to help participants focus.

Patients in the combined group were treated with both
rTMS therapy and robot therapy. To maximize the thera-
peutic effect in the combined group, the rTMS therapy
was performed first and then the robot therapy was per-
formed within 2 hours after the first therapy was com-
pleted which was the aftereffect period [22].

Individual therapies were performed in the rTMS group
and the robot group for 20 minutes per day, 5 days a week
for 2 weeks (10 times total). The combined group re-
ceived both treatments. Thus, they received treatment for
40 minutes per day, 5 days a week for 2 weeks (10 times
total).

Evaluation

Treatment effect was assessed using Motor-Free Visual
Perception Test 3 (MVPT-3), line bisection test, star can-
cellation test, Albert’s test, Catherine Bergego Scale (CBS),
Mini-Mental State Examination (MMSE), and the Korean
version of the Modified Barthel Index (K-MBI). These
indices were measured before and after the 2-week treat-
ment by an occupational therapist who did not directly
participate in the treatment process. CBS was created
with the assistance of a primary caregiver.

MVPT-3 is a tool for evaluating visual perception of
a patient. MVPT-3 is composed of 6 categories and 65
items, including visual discrimination, form consistency,
visual short-term memory, visual closure, spatial orien-
tation, and figure ground, with higher scores indicating
better starting perception ability. During MVPT-3 evalu-
ation, specific directions and demonstrations were pro-
vided to the patient for accurate assessment. The occu-
pational therapist performed the test for 20-30 minutes
depending on the patient’s ability. As all patients were 18
years of age or older, the maximum MVPT-3 score was 54.
The total score of each patient was used for data analysis
[23].

In the line bisection test, test paper was placed at the
center of the patient’s midline. The examiner demon-
strated how to divide the line into two halves using the
uppermost line of 20 lines and then let the patient divide
the remaining 19 lines into two halves. Missing lines were
not included in the calculation. The deviation between

the position of the line that the patient thought was the
center of the line and the actual midpoint of the line was
divided by half the length of the bisector. The average
value of all percentages was used as the result of the line
bisection test [24].

The star cancellation test is an index used to evaluate
the scan ability of the examinee. It consists of 56 small
stars, 52 large stars, words, and letters. The total number
of small stars marked by the examinee was evaluated [25].

In Albert’s test, the test paper was placed at the center
of the patient. The examiner demonstrated how to mark
four lines displayed at the center and then let the patient
mark all lines visible on the remaining 36 oblique lines.
Of 18 lines displayed on the left side, the number of lines
marked by the patient was used as the result of Albert’s
test [26].

CBS is the only evaluation tool available that can assess
not only hemispatial neglect in personal (body parts or
on the body surface), peri-personal (within arm'’s reach),
and extra-personal (beyond arm’s reach) spaces, but also
perceptions, spherical attentiveness, and motor area. In
addition, CBS can directly assess decrease in daily life
performance and restriction of participation related to
hemispatial neglect through 10 items. Each item is clas-
sified into four levels from 0 to 3 points according to the
severity of hemispatial neglect. Total score ranges from
0 to 30 points, with higher score indicating more severe
hemispatial neglect [27].

Patient’s cognitive function was assessed by MMSE and
patient’s ability of daily performance was assessed by K-
MBI. Approval for this study was obtained from the Insti-
tutional Review Board of Dong-A University Hospital (No.
18-134). Written consent was received from all patients.

Statistical analysis

SPSS version 21.0 (IBM, Armonk, NY, USA) for Windows
was used for all statistical analyses. Comparisons among
the rTMS group, the robot group, and the combined
group were statistically processed through Kruskal-Wallis
test. Evaluation of all indicators, including various indi-
cators to determine the degree of hemispatial neglect,
was conducted using Wilcoxon signed-rank test. Statisti-
cal significance was considered when p-value was less
than 0.05.
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Right hemisphere stroke
(n=86)

47 excluded:

4 had a poor medical condition

7 had a previous stroke history .
10 had cognitive impairment (MMSE<18) A
12 had upper limb weakness (MMT<Grade 2)
14 did not have hemispatial neglect

v

Left hemispatial neglect
(n=39)

’

A

| rTMS group (n=13)

| | Robot gr;)up (n=13)

|| Combined group (n=13) |

3 discharged early |4—

| 3 discharged early |4—

v

3 dropped out
2 discharged early
1 declined medical condition

Fig. 3. The algorithm used for
enrollment of subjects. MMSE,

A

v

Mini-Mental State Examination;

Complete treatment
sessions (n=10)

Complete treatment
sessions (n=10)

v MMT, Manual Muscle Test; rTMS,
Complete treatment repetitive transcranial magnetic
sessions (n=10) . .
stimulation.

Table 1. Baseline characteristics of patients in three groups

Characteristic rTMS group (n=10) Robot group (n=10) Combined group (n=10)  p-value

Age (yr) 70.319.6 66.6+12.2 62.5+16.5 0.606
Sex

Male 5 (50.0) 5 (50.0) 5 (50.0)

Female 5 (50.0) 5(50.0) 5 (50.0)
Lesion

Ischemic:Hemorrhagic 7:3 4:6 525

Cortical:Subcortical 4:6 4:6 7:3
Duration (day) 19.2+13.4 24.5+22.4 15.3+9.8 0.632
MVPT (14-65) 20.918.0 24.416.5 24.015.5 0.458
Line bisection (%) 31.7+6.9 26.716.9 27.1+4.8 0.103
Star cancellation (0-56) 7.3%6.0 8.0+2.5 9.7+4.2 0.307
Albert’s test (0-18) 6.0+3.0 5.912.1 7.8+1.9 0.174
CBS (0-30) 22.7+4.3 24.6%3.0 21.3+3.1 0.081
MMSE (0-30) 20.1+4.8 16.8+5.0 21.513.5 0.093
K-MBI (0-100) 32.3+15.2 35.7+£18.2 42.2+20.7 0.547

Values are presented as meantstandard deviation.
r'TMS, repetitive transcranial magnetic stimulation; MVPT, Motor-Free Visual Perception Test; CBS, Catherine Bergego
Scale; MMSE, Mini-Mental State Examination; K-MBI, Korean version of Modified Barthel Index.

RESULTS

During the study period, 86 right hemisphere stroke
patients had been admitted to our department. A total of
47 patients were excluded from this study. The remaining

792

WWWw.e-arm.org

39 patients who had left hemispatial neglect after right
hemisphere stroke were recruited. They were then were
assigned at random to the rTMS group, the robot group,
or the combined group (13 patients in each group). Nine
patients dropped out due to early discharge from the



Combined Therapy on Hemispatial Neglect

hospital or declines of their medical condition. Finally,
10 patients per each group completed all treatment ses-
sions (Fig. 3). Among rTMS group patients, 7 suffered
from cerebral infarction and 3 suffered from cerebral
hemorrhage. The mean duration after the onset of stroke
was 19.2+13.4 days (range, 7-45 days). Among robot
group patients, 4 suffered from cerebral infarction and
6 suffered from cerebral hemorrhage. The mean dura-
tion after the onset of stroke was 24.5+22.4 days (range,
7-55 days). Among combined group patients, 5 suffered
from cerebral infarction and 5 suffered from cerebral
hemorrhage. The mean duration after the onset of stroke
was 15.3+9.8 daya (range, 6-35 days). No significant dif-
ferences in baseline characteristics or neglect indices
(MVPT, line bisection, star cancellation, Albert’s test, and
CBS) were found among the three groups (Table 1). After
the 2-week-treatment for hemispatial neglect, statistically
significant improvements (p<0.05) were observed for

MVPT, line bisection, star cancellation, Albert’s test, CBS,
MMSE, and K-MBI scores compared to those at baseline
(before treatment) (Table 2). However, no statistically
significant differences were found in changes of scores of
each index after treatment among the three groups (Table
3).

DISCUSSION

Hemispatial neglect is a symptom that occurs in pa-
tients after a stroke. It is characterized by the inability
to detect, respond, or orient to contralesional stimuli.
Hemispatial neglect usually appears more often, more se-
verely, and longer in right hemispheric stroke compared
to left one. Reported incidence of hemispatial neglect in
stroke patients ranges from 13% to 82% [28]. Hemispatial
neglect affects patients’ activity of daily living, QOL, abil-
ity to participate in rehabilitation, depression, anxiety,

Table 2. Changes of measurements by treatment for hemispatial neglect

rTMS group (n=10)

Robot group (n=10) Combined group (n=10)

Pre Post Pre Post Pre Post
MVPT (14-65) 20.948.0 35.415.6* 24.4+6.5 36.1+5.7* 24.015.5 39.1+6.0*
Line bisection (%) 31.7+6.9 22.1+5.1* 26.7+6.9 20.4+7.7* 27.1+4.8 18.3+5.7*
Star cancellation (0-56) 7.316.0 15.2+4.9* 8.0+2.5 14.5+3.5% 9.7+4.2 18.0+3.9*
Albert’s test (0-18) 6.0+3.0 12.7+3.6* 5.9+2.1 11.2+2.9* 7.8+1.9 15.0+2.5*
CBS (0-30) 22.7+4.3 15.243.7* 24.6+3.0 17.5+4.1* 21.3+3.1 12.4+3.1*
MMSE (0-30) 20.1+4.8 21.94£3.9* 16.8+5.0 19.7+3.0* 21.5%3.5 24.612.6%
K-MBI (0-100) 32.3t£15.2 47.3+11.1*% 35.7+£18.2 50.2+14.7* 42.2+20.7 57.6+18.5*

Values are presented as mean * standard deviation.

rTMS, repetitive transcranial magnetic stimulation; MVPT, Motor-Free Visual Perception Test; 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 in three groups

rTMS group (n=10) Robot group (n=10) Combined group (n=10)  p-value
AMVPT 13.8+4.6 11.7+4.1 15.1+3.07 0.085
ALine bisection -9.6+2.6 -6.5+4.1 -10.8+3.52 0.098
AStar cancellation 7.914.2 6.5+2.2 9.3+2.1 0.125
AAlbert’s test 6.7+1.8 5.4%+2.5 8.2+1.2 0.077
ACBS -7.5+2.3 -7.1+£3.0 -9.2+1.4 0.152
AMMSE 1.8+1.1 2.9+2.5 3.1+1.5 0.455
AK-MBI 15.0+6.7 14.5+5.1 15.4+5.4 0.870

Values are presented as mean * standard deviation.

r'TMS, repetitive transcranial magnetic stimulation; MVPT, Motor-Free Visual Perception Test; CBS, Catherine Bergego
Scale; MMSE, Mini-Mental State Examination; K-MBI, Korean version of Modified Barthel Index.
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and social isolation [29]. It can also increase the risk of
falling and other injuries, thus putting a heavy burden on
the caregiver [30]. Hemispatial neglect in stroke patients
greatly affects the QOL and prognosis of patients. For this
reason, various therapeutic approaches are currently be-
ing used for its treatment.

Rehabilitation efficacy of visual scanning training,
prism therapy, mirror therapy, sensory stimulation, and
caloric test for hemispatial neglect has been proven. Con-
sequently, these therapies are currently applied in clini-
cal practice. In addition, new therapies for neglect treat-
ment have been applied through several recent studies.
Among these new therapies, treatment using noninvasive
brain stimulation and treatment assisted with computer
programs and robots have been reported to be effective
in rehabilitation of hemispatial neglect [17,18].

Robot therapy has recently attracted attention in the
stroke rehabilitation field. Several studies have demon-
strated that robot therapy is effective in neglect reha-
bilitation by helping stroke patients perform repetitive
and intensive task-specific movements with appropriate
assistance and guidance of the therapist, thereby increas-
ing the activity of the contralesional limb [31]. A study of
Varalta et al. [16] in 2014 also reported that information
displayed on the monitor during the rehabilitation robot
therapy provided visual feedback to patients, thus facili-
tating goal-directed movements and inducing persistent
visual stimulation to the hemispatial neglect site. In a
study of Choi et al. [17] in 2017, a robot computer moni-
tor was placed at the hemispatial neglect site to maxi-
mize the effect of visual stimulation of the existing robot
therapy. This robot therapy was found to be as effective
as the conventional neglect rehabilitation therapy.

Several studies have reported that low-frequency rTMS
therapy is effective in rehabilitation of hemispatial ne-
glect [18]. According to a study of Yang et al. [32] in 2015,
low-frequency rTMS treatment of the contralateral pos-
terior parietal cortex in stroke patients with hemispatial
neglect symptoms is more effective in treating neglect
than that in the sham group. In their study, structural
changes of the brain as well as functional improvement
of hemispatial neglect were monitored using diffusion
tensor imaging technique. Results of their study revealed
that signals from the left superior longitudinal fascicu-
lus, superior occipitofrontal fascicle, inferior fronto-
occipital fasciculus, and the right side were all increased.
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On the basis of these findings, the authors reported that
low-frequency rTMS therapy could improve symptoms
of hemispatial neglect by restoring the network of intra-
hemispheric and inter-hemispheric connectivity [32].

In recent years, a combination of this low-frequency
rTMS with various other therapies has attracted atten-
tion. This kind of combination therapy has been reported
to be an ideal rehabilitation therapy for stroke patients
because it suppresses inter-hemisphere inhibition of the
contra-lesion through low-frequency rTMS and increases
ipsilesional excitability through other therapeutic tools at
the same time [33]. In 2018, Johnson et al. [34] reported
that the application of a combined contralesional low-
frequency rTMS therapy and computer-robot-based vi-
sual reality therapy was more effective for rehabilitation
of hemispatial neglect than each single therapy alone.
In their study, functional MRI data showed that the ip-
silesional activation was actually higher in the combined
group than that in each single treatment group [34]. In
a study of Yang et al. [19] in 2017, combined treatment
of sensory cueing by applying a vibration wristwatch to
the contralesional limb and low-frequency rTMS therapy
showed a synergic effect in comparison with the con-
ventional rehabilitation therapy, thus achieving a better
therapeutic effect on hemispatial neglect. Taking find-
ings of these studies together, when low-frequency rTMS
therapy suppressing the contralesional inter-hemisphere
inhibition was applied in combination with visual, vibra-
tion, and tactile stimulation to the hemispatial neglect
site or with robot-assisted activation of the contralesional
limb that led to an increase in excitability of the ipsile-
sion, the combination therapy was more effective than
each individual treatment.

Similar to the abovementioned combination therapy,
both visual sensory stimulation to the hemispatial ne-
glect site and activation of the contralesional limb were
applied simultaneously in the present study by using
low-frequency rTMS and robot therapy in combination.
Results of the present study showed that this combina-
tion therapy was effective in treating hemispatial neglect
when the treatment effect was compared between before
and after treatment. However, when treatment effects
were compared among the three groups, no significant
difference was found among the three groups. Although
no statistically significant difference was observed in
the treatment effect among the three groups, changes
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in treatment scores were greater in the combined treat-
ment group than those in the other two single treatment
groups. Therefore, significant differences might appear if
the study is conducted with a larger sample size for a lon-
ger treatment period.

The present study is different from other low-frequency
rTMS combined therapies for hemispatial neglect re-
ported previously. This study aimed to maximize the ef-
fect of hemispatial neglect therapy by making the most
of results from previous studies focusing on therapeutic
effect. Modeling of this study was designed as such. First,
in addition to increased ipsilesional excitability of the
robotic contralesional limb activation therapy which has
been demonstrated in previous studies, the effect of in-
creasing the visual stimulation of the hemispatial neglect
site by moving the position of the computer monitor to
the hemispatial neglect side was further applied. Thus,
a higher ipsilesional excitability than the elevated ipsile-
sional excitability of the brain obtained through a single
existing tool was induced. Second, the present study took
advantage of the finding of a recent study which indi-
cated that the second therapy of the combination therapy
should be performed within 2 hours following the r-TMS
therapy to enhance the aftereffect and ultimately the ef-
ficacy of rTMS combined therapy by performing the ro-
bot therapy within 2 hours after the low-frequency rTMS
therapy was completed [22]. Thus, the present study
was conducted in a condition in which the increase in
ipsilesional excitability of the brain and the suppression
of the contralesional inter-hemisphere inhibition were
maximized in comparison with other rTMS combined
therapies targeting hemispatial neglect, through which
the maximum treatment effect of the hemispatial neglect
therapy was attempted to be achieved.

To the best of our knowledge, this study is the first at-
tempt to modify previously proven treatment among
other combined therapies for hemispatial neglect to
maximize the therapeutic effect and perform combined
treatment according to the aftereffect period to improve
the effect of rTMS. A higher efficiency in the treatment of
hemispatial neglect can be achieved by applying combi-
nation therapies consisting of several therapeutic tools
and by modifying timing of the treatment in the same
way as in this study.

This study has some limitations. First, the sample size
was too small and the long-term effect of treatment on

hemispatial neglect could not be assessed. Second, no
true control group receiving no conventional treatment
for hemispatial neglect was established because of ethical
reasons. Thus, the improvement of hemispatial neglect
could be part of the natural progression. Third, except for
CBS, all other assessment tools for hemispatial neglect
were limited to evaluation of hemispatial neglect in the
peri-personal space, thus failing to fully exclude selection
bias.

Therefore, if specific and long-term studies on each
hemispatial neglect subtype are conducted in the fu-
ture with the addition of larger-scale evaluation indices
capable of equal assessments of all hemispatial neglect
subtypes, a statistical difference in therapeutic effect of
the combination therapy might appear.

In conclusion, this study showed that treatment effect
of the combined therapy of robotic therapy and low-
frequency rTMS therapy for hemispatial neglect was not
statistically different from that of each single treatment.
In this study, it was impossible to prove the superiority of
any of the three treatments. Further well-designed stud-
ies with a larger population are required to better eluci-
date differential roles of each treatment.
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