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Abstract: (1) Background: existing treatment methods for neglect are concentrated on egocentric
neglect and lead to various problems, such as cost/space constraints and portability. Therefore, this
study seeks to determine how treatment (a.k.a., Twins Therapy, TT) can improve an existing prob-
lem in relation to neglect in stroke patients; (2) Method: The research design was a pre-post test
control group design and both groups maintained existing rehabilitation treatment and added TT
intervention only to the experimental group. TT intervention was conducted for a total of 20 sessions
(1 session 30 min/day, 5 days/week for 4 weeks); (3) Result: as a result of comparison before and
after the TT intervention, there was no significant difference in MFT and MBI items (p>.05). How-
ever, the score and execution time of the Apple Cancellation Test showed significant reduction only
in the experimental group (p<.05); (4) Conclusion: as a result of the study, TT improved not only
egocentric neglect, but also allocentric neglect symptoms in stroke patients.
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1. Introduction

Neglect is described as a lack of spatial attention and is a symptom of impaired percep-
tion, attention and behavior in the opposite space of the damaged cerebral hemisphere
despite no sensory damage [1-3]. Neglect is caused by various pathological conditions,
especially after cerebral infarction or cerebral hemorrhage [2]. The incidence of neglect is
more common in stroke patients in the right cerebral hemisphere than in stroke patients
in the left cerebral hemisphere [3]. Symptoms of neglect caused by right cerebral hemi-
sphere lesions mainly include neglect of the left space, impaired concentration and re-
striction of behavior on the transverse plane [4]. Limitation of response to the neglect as-
pect negatively affects body balance, functional ability such as walkin and activities of
daily living [5].

Neglect is classified into two types, depending on how objects are recognized: egocen-
tric neglect (or viewer-centered neglect) and allocentric neglect (or object-centered ne-
glect). Egocentric neglect is associated with dorsal visual pathways [7] and shows a defect
in the ability to recognize objects or body parts, such as the head, trunk and arms, on the
left side of the patient's midline [1]. In contrast, allocentric neglect is associated with ven-
tral visual pathways [7] and has a defect in the ability to perceive the left side as the center
of an object, regardless of the location of the object [1].

Various methods have been introduced to treat such various symptoms and types of
neglect [8-13]. First, Pierce et al (2002) classified the treatment methods for neglect into
three main categories as follows [8]: 1) treatments targeting arousal deficits; 2) treatments
targeting deficient visual attention; and 3) treatments targeting spatial representation def-
icits. The treatments targeting arousal deficits approach is a method of using drugs, such
as anti-dopamine, to treat neglect [8]. The treatments targeting deficient visual attention
approach uses a computer-based scanning program to increase attention to the patient's
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space and the treatments targeting spatial representation deficits approach uses prism and
trunk rotation to help reconstruct the neglected space that the patient is seeing [8]. On the
other hand, Barrett et al (2006) classified the treatment methods into two main categories
[9]. The first classification includes the top-down and bottom-up approaches [9]. Top-
down approach is scanning training, which uses tactile and visual assist devices to urge
patients to turn their bodies around and look at the left-hand space [9]. The bottom-up
approach is a method that is attempted to enhance or rearrange the characteristics of per-
ceived information by stimulating the negated hemispace by frequently viewing it [9]. The
second classification includes the endogenous and exogenous approaches. The endoge-
nous approach is a method to increase the tendency to view the left space without special
equipment, such as limb activation therapy and the exogenous approach is a method of
inducing dynamic remapping by using special equipment such as prism lenses [9]. Fi-
nally, a treatment method by using virtual reality has been announced recently [10]. Vir-
tual reality therapy has no spatial constraints and can improve activities of daily living
and spatial attention concentration even in chronic patients [11]. However, majority of
treatment methods are concentrated on egocentric neglect and studies separating egocen-
tric neglect and allocentric neglect are insufficient [12].

On the other hand, neglect evaluation is mainly divided into a pencil-paper test, behav-
ioral assessment, clinical observation and virtual reality assessment [13]. However, exist-
ing evaluation methods are mainly targeting egocentric neglect and it is insufficient to
address other types of neglect [14]. For this reason, existing treatment methods are con-
centrated in the treatment for egocentric neglect, like prism treatment, transcutaneous
electrical nerve stimulation (TENS), optokinetic stimulation (OKS), etc. [15-17]. Moreover,
the study of Turgut et al (2018) mentioned the need to distinguish between egocentric
neglect and allocentric neglect treatments because existing treatments, such as prism treat-
ment and cueing paradigm training, have only been verified to improve egocentric neglect
[18]. Accordingly, as a result of previous studies on differential diagnosis, the evaluation
method mainly used an apple cancellation test that can distinguish between egocentric
neglect and allocentric neglect [19], and the treatment method mainly used a virtual real-
ity navigation task (VRNT) [20] and repetitive transcranial magnetic stimulation (rTMS)
[21]. Research shows that treatment using VR helps re-identify space and improves con-
centration, and rTMS is effective not only for egocentric neglect, but also for allocentric
neglect [21,22]. However, existing treatment methods lead to cost problems due to the use
of expensive equipment [23]. In addition, it has both spatial constraints and portability
problems due to the size of the equipment [23].

Therefore, in this study, through a new treatment (Twins Therapy, TT) that improved
existing problems, we attempted to find out how it affects the improvement of symptoms
of egocentric neglect and allocentric neglect, upper extremity function and activities of
daily living in stroke patients.

2. Materials and Methods

2.1. Participants

This study included 15 people with both egocentric and allocentric neglect due to
stroke, and used the Edinburgh Handless Inventory (EHI) to target 15 people with right
dominant hands [24]. The participants heard enough explanation about the study and
conducted the study after receiving a written consent. The participants were randomly
divided into 7 in the experimental group and 8 in the control group through the SPSS 21.0
Version. The research design was based on a pre/post test control group design and the
selection criteria for all research participants are as follows: 1) Those who are more than 3
months after the stroke lesion; 2) Those with symptoms of neglect; 3) Those with a score
of 24 or higher in MMSE-K; and 4) Those who understand and agree with the purpose of
this study. This study was approved by the Kangwon National University Institutional
Review Board (KWNUIRB-2021-05-011-003) prior to commencement.
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2.2. Materials
2.2.1. Korean version of the Mini-Mental Status Examination (MMSE-K)

MMSE-K is an evaluation tool standardized by Kwon and Park (1989) to use the exist-
ing MMSE for the elderly in consideration of educational background [25]. MMSE-K
consists of seven items. Out of a total of 30 points, 24 points or more are classified as def-
inite normal, 23~20 points are classified as suspected dementia and 19 points or less are
classified as definite dementia. The inter-inspector reliability is .99 [25].

2.2.2. Apple cancellation test

The apple cancellation test was developed by Bickerton et al (2011) to differentiate
between egocentric and allocentric neglect. A total of 150 apples are randomly scattered
on the test paper. One third of the apples are intact and two-thirds are left or right side
open. The test paper is divided into 10 zones (4 on the left, 2 in the middle and 4 on the
right) due to two invisible rows and five columns. The participant proceeds by marking
only intact apples, regardless of size. Each section contains 15 apples (3 large apples and
12 small apples), of which 5 are correct (1 large apple and 4 small apples). The test lasts
up to 5 minutes and has a total score of 50 points. The result of the analysis is that ego-
centric neglect is divided into left-side egocentric neglect if it is a positive integer and
right-side egocentric neglect if it is a negative integer when subtracting the number of
intact apples selected from the four areas on the left from the number of intact apples
selected in the four areas on the right. Allocentric neglect counts the number of wrong
answers (apples with left or right open) in the entire domain (including the middle 2
zones) and when the number of apples with the left open is subtracted from the number
of apples with the right open, it is divided into left-side allocentric neglect if it is a posi-
tive integer and right-side egocentric neglect if it is a negative integer [19,26]. The cut-off
scores are +2 for egocentric neglect and +1 for allocentric neglect [23]. In this study, we
used separate score and execution time for egocentric and allocentric neglect, and the
decrease in score means improvement of symptoms.
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Figure 1. Composition of apple cancellation test

2.2.3. Manual Function Test

MEFT was developed by the Myeongja branch of the Faculty of Medicine, Tohoku Uni-
versity, Japan and is a tool for assessing upper limb function and mobility ability in
stroke patients [27]. The MFT consists of 4 items of upper limb movement, 2 items of
grip, 2 items of finger manipulation and out of a total of 32 points, each sub-item is
awarded 1 point when performed, and 0 points if it is impossible [27].

2.2.4. Korean version of the Modified Barthel Index (K-MBI)
K-MBI is an evaluation tool that was translated and standardized by Jung et al (2007)
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in 2007 from the MBI (5th edition), published by Shah et al in 1989 [28]. The questions
consist of 10 assessment items, can be divided into 7 self-care activities and 3 mobility
activities [29]. The scores are divided into 5 levels, with a total of 100 points, with 100
points being completely independent, 99~91 points being minimally dependent, 90~75
points being slightly dependent, 74~50 points being partially dependent, 49~25 points
being maximum dependent and 24~0 points being completely dependent [30]

2.3. Procedure

The intervention used in this study was called Twins Therapy (TT), which consists of
7 sheets of A4 paper, each with 45 different pairs of stimuli (pictures, numbers, letters).
The training procedure was to position the paper directly in the center of the patient,
and then ask to find 15 complete pairs of stimuli (twins) out of 45 pairs of stimuli. Each
sheet of paper means one step, consists of a total of seven steps and various stimuli are
presented as the level increases. Interventions were conducted for a total of 20 sessions
(1 session 30 mins/day, 5 days/week for 4 weeks) (Figure 2). All tests were performed
twice, before and after TT training.

Steps | Step 1 | Step 2

c
Twins . 4w
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Figure 2. Steps and composition of Twins Therapy

2.4. Data Analyses

In this study, the general characteristics of the subjects, such as sex, educational back-
ground and injury type were analyzed by using the chi-square test, and the age and du-
ration of onset were analyzed by using the Mann-Whitney U test to determine the mean
value and significance level. We used the Mann-Whitney U test for homogeneity be-
tween the two groups and the Mann-Whitney U test for the comparison of the amount
of change between the two groups, and the Wilcoxon's signed-ranked test for the pre-
post comparisons.
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3. Results

3.1. General characteristics of the participants
The participants in each group in this study showed no significant differences and the
general characteristics were as follows (p>.05) (Table 1).

Table

1

General

Characteristics

Experimental (n=7)

Control (n=8)

Characteristic Classification p
Mean + SD Mean + SD
Age
Average age 61.57+16.33 62.37+12.99 1.00
(year)
Male 3 5
Gender 447
Female 4 3
None 0 1
Elementary 1 2
Education
Middle school 1 1
Level .635
High school 4 3
College 0 1
University or higher 1 0
Cerebral hemorrhage 5 5
Damage type 714
Cerebral infarction 2 3
Duration of
121.71+41.70 119.12+76.59 .867
Onset (day)
(N=15)

*SD= standard deviation
*P<.05
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3.2. Homogeneity test between two groups before training
There was no significant difference in all tests, including the Apple Cancellation Test

(p>.05) (Table 2).

Table 2. Homogeneity test between experimental and control groups

(N=15)

Experimental (n=7)

Control (n=8)

Assessment type P
Mean + SD Mean + SD

Apple score (Ego) 6.00+3.36 9.00+4.47 .336
Apple score (Allo) 9.42+4.42 7.12+2.58 .336
Apple_time (sec) 555.14+137.85 542.00+£131.83 .694
MFT_Rt 29.57+1.39 28.25+1.48 .094
MFT_Lt 5.28+6.89 4.62+6.67 .867

MBI 31.57+12.35 38.75+9.60 152

*SD= standard deviation, Ego= egocentric neglect, Allo= allocentric neglect, sec= second, MFT =

Manual Function Test, Rt= right, Lt= left, MBI= Korean version of Modified Barthel Index

*P<.05
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3.3. Comparison of test scores between experimental and control groups
In the experimental group, the Apple score (Ego) and Apple score (Allo) were signifi-

cant (p<.05). However, in the control group, there was no significant difference in all

tests (p>.05) (Table 3).

Table 3. Comparison of test scores between experimental and control groups

Experimental (n=7)

Control (n=8)

Assessment
Mean + SD Mean + SD
type
Pre Post P Pre Post P
Apple score
6.00+3.36 3.14+1.21 .039" 9.00+4.47 7.62+5.50 139
(Ego)
Apple score
9.42+4.42 4.85+£2.67 017" 7.12+5.58 5.62.85+1.50  .231
(Allo)
Apple_time
555.14+£137.85  494.28+181.91 .063  542.00+131.83 529.25+118.22 575
(sec)
MFT _Rt 29.57+1.39 29.85+1.46 317 28.25+1.48 28.25+1.48 1.00
MFT Lt 5.28+6.89 5.71+£7.13 .180 4.62+6.67 4.87£6.89 157
MBI 31.57+£12.35 32.71£11.71 .066 38.7549.60 39.12+9.47 180
(N=15)

*SD= standard deviation, Ego= egocentric neglect, Allo= allocentric neglect, sec= second, MFT =

Manual Function Test, Rt= right, Lt= left, MBI= Korean version of Modified Barthel Index

*P<.05
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3.4. Comparison of test score variations between experimental and control groups

The comparison of the test score variations showed no significant difference in all
items, but there was a greater improvement in the mean value of the experimental group
in all items (p>.05) (Table 4).

Table.4. Comparison of test score variations between experimental and control groups

(N=15)

Experimental(n=7)

Control(n=8)

Assessment type P
Mean + SD Mean + SD

Apple score (Ego) 2.85+2.26 2.62+1.76 .867
Apple score (Allo) 4.57+2.29 2.75+2.05 .189
Apple_time (sec) 71.42+56.73 44.75+27.57 397
MFT_Rt 0.28+0.75 0.25+0.46 .867
MFT_Lt 0.42+0.78 0.25+0.46 .867

MBI 1.14+1.21 0.37+0.74 232

*SD= standard deviation, Ego= egocentric neglect, Allo= allocentric neglect, sec= second, MFT =
Manual Function Test, Rt=right, Lt= left, MBI= Korean version of Modified Barthel Index
*P<.05

4. Discussion

Treatment methods for neglect have been combined with cutting-edge technologies,
such as virtual reality (VR), transcranial magnetic simulation (TMS) and optic simulation
(OKS) [15-17]. However, these studies failed to consider various types of neglect and there
are spatial constraints due to the size and the high cost of equipment [17-23, 25, 26]. Ac-
cordingly, this study was conducted to determine how the newly developed therapy,
Twins Therapy (TT), affects stroke patients with neglect by improving these shortcom-
ings.

First, the 15 participants in this study showed no significant differences in general char-
acteristics, such as gender, educational background and duration of onset. The homoge-
neity test also showed no significant difference in all the Apple Cancellation tests, includ-
ing the egocentric neglect and allocentric neglect tests. Therefore, the two groups are
judged to be homogeneous groups with no differences.

Next, pre-post comparisons within the group showed significant differences in both
egocentric and allocentric outcomes of the Apple Cancellation Test only in the experi-
mental group. This means that Twins Therapy is effective not only in the treatment of
egocentric neglect, but also in the treatment of allocentric neglect. There was no significant
difference between the execution time of the Apple Cancellation Test, manual function
test (MFT) and the Korean version of the Modified Barthel Index (MBI). However, the
execution time of the Apple Cancellation Test, in which about 12 seconds were reduced
in the control group, while about 60 seconds were reduced in the experimental group,
confirming smoother performance.

Comparisons of the variation of test score for each test item between groups showed no
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significant difference in all items. However, the variation of test score of all items was
higher in the experimental group compared to the control group. In particular, the Apple
score (ego), Apple score (allo) and Apple time (sec) showed more changes in the experi-
mental group (ego: 2.85+2.26 points, allo: 4.57+2.29 points), compared to the control group
(ego: 2.62+1.76 points, allo: 2.75+2.05 points). Also, the variation of test score in allocentric
is higher than in egocentric within the experimental group. This means that TT has a pos-
itive effect on neglect, especially in patients with relative allocentric neglect. In addition,
in the Korean version of Modified Barthel Index (MBI) category, the experimental group
(1.13+1.21points) showed more change than in the control group (0.37+0.74 points). This
suggests that TT also has a positive effect on the function of activities of daily living and
is expected to result in significant differences in future studies with more participants.

The limitations of this study are as follows. First, it is difficult to generalize due to the
small number of participants. Second, the patient's own functional recovery and training
effectiveness are not sufficiently distinguished due to the verification of homogeneity be-
fore training only once. Third, there is no additional comparison of MBI subdomains or a
more detailed comparison analysis of proximal and distal extremity of MFT. Future stud-
ies are likely required to improve on these limitations. Nevertheless, this study is signifi-
cant because the newly developed Twins Therapy provides an opportunity to break free
from the limitations of cost and space, which are limitations of conventional therapies. It
is also worth noting that it is the world's first pencil & paper training that can simultane-
ously improve the symptoms of egocentric neglect and the improvement of allocentric
neglect, which is still lacking in training methods.

5. Conclusions

This study sought to find out how Twins Therapy affects neglect in stroke patients. As
a result, there was a significant difference in improving symptoms of egocentric neglect
and allocentric neglect in the experimental group, but there was no significant difference
in the MBI and MFT tests. Furthermore, as a result of comparing changes between groups,
there was no significant difference in all items, but the experimental group showed higher
changes than the control group. Therefore, through this study, we hope that Twins Ther-
apy will be used in more studies in patients with unilateral neglect in actual clinical prac-
tice.
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