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INTRODUCTION

Unilateral spatial neglect (USN) is defined as the absence 
of spatial attention and incoming stimuli on the contralateral 
side to the stroke lesion site.1) USN was observed in 43% 
of stroke patients with right hemisphere lesions.2) Spatial 
attention can be divided into two categories: voluntary at-
tention and reorientation of attention.3–5) Voluntary attention 
enhances the process of patients’ prediction and response, 
whereas reorientation of attention requires an operation 

to switch the attention directed from one side to the other. 
These two types of attention are tested using a reaction-time 
task; however, in the clinical setting, a simple paper test is 
usually carried out.
Several paper-and-pencil tests have been employed 

to evaluate the exact status of USN on the left extremity, 
including the most routinely used tests, such as the Behav-
ioral Inattention Test-conventional subtest (BIT-c). BIT-c is a 
paper-and-pencil measurement of USN that includes several 
subtests (cancellation tasks, figure copying, drawing, and 
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Objectives: Patients identified as asymptomatic for unilateral spatial neglect (USN) based on 
paper-and-pen tests nonetheless often collide with objects to their left while walking. This study 
aimed to investigate chronic USN in subjects who experienced collisions while walking. Meth-
ods: Two patients with chronic USN who experienced collisions while walking were evaluated 
using the Behavioral Inattention Test-conventional (BIT-c). Additionally, the modified Posner 
task (MPT) was used to evaluate the left and right reaction times. MPT targets randomly ap-
peared either on the side indicated by the cue (valid condition) or on the opposite side (invalid 
condition). This study used an alternating treatments single-case design. The valid and invalid 
conditions of the MPT alternated rapidly and randomly to determine differences in reaction time. 
Statistical analysis compared left and right reaction times using a one-tailed randomization test 
to study valid and invalid conditions. Results: The total BIT-c score was in the normal range for 
both subjects, whereas MPT reaction times were higher on the left side than on the right side for 
the invalid condition. However, for the valid condition, only Case B had increased reaction times 
on the left side. Conclusions: The MPT valid condition evaluates voluntary attention, whereas 
the invalid condition evaluates the reorientation of attention. Consequently, for Case A, a left 
reorientation of attention deficit was observed, whereas, for Case B, left voluntary attention and 
left reorientation of attention deficits were observed. The MPT results revealed the characteristics 
of covert neglect signs. USN evaluation would benefit from additional research using MPT.
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line bisection).6) High BIT-c scores correspond to a better 
attentional performance and an absence of neglect symptoms 
(score range, 0–146). These paper-and-pencil tests have been 
used as a measure of poor performance in daily activities.7) 
However, the results of these tests may sometimes not reflect 
the correct status of neglect behavior in daily activities.8)

USN patients often collide with people or objects located 
on their left side, such as doors and furniture, while walking 
or driving a wheelchair.9) While walking or driving a wheel-
chair, the reaction time to people or objects on the left side 
is important. However, reaction times are not evaluated in 
paper-and-pencil tests.
Recently, reaction times evaluated using the Posner task 

in patients with USN have been reported.10,11) The Pos-
ner task is a method used to examine spatial attention by 
measuring reaction times and is used to examine voluntary 
attention and reorientation of attention. Voluntary attention 
is required to predict where a person will come out of a door 
while walking, for example, whereas reorientation of atten-
tion is necessary when a person emerges from the opposite 
direction to that expected while walking. In this situation, 

the patient needs a quick reaction time for both types of at-
tention. Patients with acute USN showed increased reaction 
times for tasks associated with spatial attention, even those 
who were asymptomatic on a paper-and-pencil test.12,13) 
However, whether walking collisions are associated with 
reaction times remains unclear. Furthermore, only a few 
studies have reported increased reaction times that remain 
in patients with chronic-phase USN.11) Therefore, we inves-
tigated reaction-time tasks in two patients with chronic USN 
who were asymptomatic on paper-and-pencil tests but had 
collisions while walking nonetheless.

METHODS

Subjects
We recruited two right-handed women who had been di-

agnosed with right cerebral infarction and left hemiplegia. 
Their characteristics are shown in Fig. 1 and Table 1. Both 
were inpatients at Kansai Electric Power Hospital and were 
diagnosed with left USN. The patients were clinically exam-
ined and assessed using BIT-c and the Catherine Bergego 
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Fig. 1.  Brain magnetic resonance imaging of Case A and Case B.

Table 1.  Characteristics of the two participants 
Clinical data Case A Case B
Age (years) 84 76
Sex Female Female
Dominant hand Right Right
Educational history (years) 12 12
Lesion area Right hemisphere Right hemisphere
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Scale (CBS), the latter being a more specific measurement 
for neglect-related functional disability.14) The CBS score is 
directly based on observations of the patient’s function in 
ten real-life situations, as assessed by physiotherapists, oc-
cupational therapists, and nurses. Each of the ten categories 
in CBS is scored between 0 (no neglect) and 3 (severe ne-
glect); the maximum total score is 30 points. Moreover, CBS 
measures the anosognosia score by evaluating the difference 
between the examiner’s observations and the patient’s self-
rating score.
Both patients had mild USN (BIT-c score, 101–130) early 

after onset but had improved by about 6 months after onset. 
However, they continued to show USN behavior on assess-
ment. Their cognitive function was within the normal range 
based on the Mini-Mental State Examination, and no clini-
cally detectable hemianopia was observed by confrontation 

visual field examination. The purpose of the current study 
was explained to the subjects, and written consent was 
obtained in accordance with the Helsinki Declaration. The 
study was approved by the ethics committee of Kansai Elec-
tric Power Hospital (approval number: 19–088).

Case A
Case A involved an 84-year-old woman with cerebral in-

farction. A magnetic resonance imaging (MRI) examination 
revealed lesions in the parietal lobes of the right hemisphere. 
On day 52 after onset, the patient’s basic movements re-
quired assistance by another person and she walked using a 
T-handle cane. The patient collided with people and objects 
located on her left side while walking. This patient scored 
128/146 on the BIT-c and 9/30 on the CBS, indicating USN 
(Table 2). On day 180 after onset, she was able to walk using 
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Table 2.  Neuropsychological and neglect evaluations
Clinical data Case A Case B
Time after onset (days) 52 181 42 174
FMA-LE motor function (/34) 24 28 22 30
  sensory function (/12) 12 12 12 12
MAS for the affected lower limbs 0 0 0 0
Side of spatial neglect Left Left
BIT-c total score (/146) 128 143 129 142
  1. Line crossing 36 36 36 36
  2. Letter cancellation 29 36 36 38
  3. Star cancellation 50 54 51 53
  4. Figure and shape copying 3 4 0 4
  5. Line bisection 8 9 7 9
  6. Representation drawing 2 3 1 3
CBS objective total score (/30) 9 2 8 3
  1. Gaze orientation 1 0 0 0
  2. Limb awareness 3 0 2 1
  3. Auditory attention 1 0 1 0
  4. Personal belongings 0 0 0 0
  5. Dressing 1 0 1 0
  6. Grooming 1 0 0 0
  7. Navigation 0 0 1 0
  8. Collisions 2 2 1 1
  9. Meals 0 0 0 0
  10. Cleaning after meals 0 0 2 1
CBS subjective total score (/30) 1 1 0 0
CBS.diffa (anosognosia score) 8 1 8 3
aCBS.diff was calculated as the difference between the objective and subjective scores for CBS.
FMA-LE, Fugl-Meyer Assessment Lower Extremity; MAS, Modified Ashworth Scale; BIT-c, Behavioral Inattention Test-

conventional; CBS, Catherine Bergego Scale.
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a T-handle cane without assistance. However, she still col-
lided with people and objects on her left side while walking.

Case B
Case B involved a 76-year-old woman with cerebral infarc-

tion. MRI examinations showed lesions in the parietal lobes 
of the right hemisphere. On day 42 after onset, the patient’s 
basic movements required assistance and she could walk 
with moderate support from another person using a quad 
cane. The patient collided with people and objects on her left 
side while walking. This patient scored 129/146 on the BIT-c 
and 8/30 on the CBS, indicating USN (Table 2). On day 173 
after the onset, she was able to walk independently using a 
quad cane. However, she still collided with people or objects 
on her left side while walking and disregarded her left field 
of vision.

Procedure
In addition to using BIT-c and CBS, the bells cancellation 

test, the fluff test, and the modified Posner task (MPT) were 
also performed in Case A (181 days after the onset) and in 
Case B (174 days after the onset). These additional neglect 
evaluations were performed because the subjects had no USN 
symptoms according to BIT-c; however, problems with USN 
were evident as the subjects performed their activities of 
daily living (ADLs). The bells cancellation test was selected 
due to its more intense stimuli than the BIT-c cancellation 
tasks. MPT is also used to evaluate reaction times, which 
is not included in BIT-c. The fluff test is a personal neglect 
assessment tool that particularly evaluates the left side of the 
body, but it is not included in BIT-c. All evaluations were 
completed in one day.

Added Neglect Evaluation
Bells cancellation test. The bells cancellation test is an 

instrument that uses distractors for the visual exploration 
of a horizontally oriented A4-sized sheet of paper.15) The 
test consists of 315 stimuli, with 280 distractors (houses 
and horses, among others) and 35 target stimuli, which are 
bell shaped. All icons are black, and the test takes less than 
5 min to complete. The recorded score is the total number of 
bells circled. The maximum score is 35. The omission of four 
or more bells on the right or left half of the page indicates 
USN.16)

Fluff test. This is a test for personal neglect affecting the 
space on the surface of the patient’s body.17) During the test, 
six targets are attached to each of the blindfolded patient’s 
left arm, leg, and trunk. The total number of targets were 24 

identical disks (2 cm in diameter) made of white cardboard. 
There was Velcro on one side of the disks so that they could 
be easily attached to clothes. Patients were instructed to 
remove the targets with their right hand. The omission of 
two or more Velcro disks on the left half of the patient’s body 
indicates personal neglect.

MPT. The Posner task is a computerized, two-sided 
reaction-time test assessing the left and right sides. It is a 
neuropsychological test often used to assess changes in 
attention.18) The task was modified by extending the target 
presentation time performed by patients with USN (Fig. 2).
Stimuli were generated using a computer (ASUS ROG 

STRIX GL703VM) and displayed on a 17.3-inch monitor 
(refresh rate of 120 Hz). Behavioral responses were acquired 
through a numeric keypad (ELECOM TK-TCM011, Osaka, 
Japan) interfaced with the computer. Software (Cedrus Cor-
poration SuperLab 5.0, San Pedro, USA) was used to create 
a modified Posner task. Patients sat at approximately 50 cm 
from the monitor. The display contained a central fixed cross 
(the fixation point) and four square frames orientated to 
the left and right sides along the horizontal meridian. The 
diameter of each square was within a 1° viewing angle, with 
a circular target at the center. The diameter of each target 
subtended a visual angle of 0.3°. The central targets in the 
four peripheral squares were placed at a distance with a 
visual angle of 4.3° from the fixation point.
The start of a new trial was indicated by the color change 

of the fixed circle from red to green. Then, 500 ms later, an 
arrow cue pointing to the left or right appeared at the fixa-
tion point for 2000 ms. After a delay of 1000–2000 ms, the 
target (circle) appeared within any of the four frames (left 
up, left down, right up, or right down) for 3000 ms or until a 
response was recorded. The target appeared in the location 
indicated by the cue in 80% of the trials (valid condition), 
whereas it appeared on the opposite side in 20% of the trials 
(invalid condition). The two patients were asked to detect the 
target as quickly as possible and to press the response key 
with their right hand. The key reaction time and accuracy 
of the key press timing were recorded. Subsequent trials 
were performed, separated by a rest interval of 1000 ms. 
Each block contained 60 trials (48 valid, 12 invalid). Each 
patient completed two blocks. The test lasted a total of 15 
min including practice exercises. Initially, for practice, we 
explained that the button should be pressed when the target 
appeared in any of the four squares. After this explanation, 
the patients performed 12 practice trials and then performed 
the actual test.
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Experimental Design
This study used an alternating treatments design. The 

alternating treatment design is a single-case study design 
consisting of rapid, random or semi-random changes in two 
or more conditions, each with approximately equal probabil-
ity of being present during each measurement opportunity.19) 
Alternating treatment designs can be analyzed by random-
ization tests.20) The valid and invalid conditions of the MPT 
alternated rapidly and randomly to determine the difference 
in reaction time. The MPT resulted in 120 data points from 2 
blocks for each patient.

Data Analysis
The MPT analyzes spatial attention through rates of cor-

rect detection and average reaction times for four conditions: 
(a) the target appeared on the upper left or lower left, and 
the cue was to the left (position, left; validity, valid); (b) the 
target appeared on the upper left or lower left, but the cue 
was to the right (position, left; validity, invalid); (c) the target 
appeared on the upper right or lower right, and the cue was 
to the right (position, right; validity, valid); (d) the target ap-
peared on the upper right or lower right, but the cue was to 
the left (position, right; validity, invalid).
Statistical analysis compared the left and right reaction 

times using a one-tailed randomization test to study valid 
and invalid conditions. A randomized test is a procedure to 
determine the significance by calculating the test statistic T 
for one-subject experimental data.21,22) The statistical sig-
nificance level was set at P <0.05. The software used for the 
analyses was RT4WIN for Windows.23)

RESULTS

BIT-c and CBS
About 6 months after stroke onset, Case A scored 143/146 

on BIT-c, with all six items indicating no USN; however, 
on item 8 of CBS (Collision with people or objects on the 
left side while walking) the score was 2/30, indicating USN 
(Table 2). Also 6 months after stroke onset, Case B scored 
142/146 on BIT-c, with all six items indicating no USN, but 
scored 3/30 on CBS, which indicated the presence of USN. 
Case B scored 1 point each for the following CBS items: item 
2 (forgets about the left part of her body), item 8 (collision 
with people or objects on the left side while walking), and 
item 10 (forgets to clean the left side of her mouth after eat-
ing) (Table 2). Both subjects were observed to collide with 
people or objects on their left side while walking when their 
attention was turned to the right. Case A did not collide with 
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Fig. 2.  Modified Posner task screen used in the present experiment. This task displayed a fixation screen 
for 500 ms, and then for 2000 ms, an arrow cue pointing to the left or right was displayed. After a delay of 
1000–2000 ms, a target (circle) appeared within one of the four frames (left up, left down, right up, or right 
down) for 3000 ms or until a response was recorded. The target appeared on the side indicated by the cue in 
80% of trials (valid condition) and on the opposite side in 20% of trials (invalid condition).
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people or objects during walking with voluntary attention. In 
contrast, Case B experienced collisions even when she was 
using voluntary attention.

Bells Cancellation Test
Both patients had no errors in this test, with perfect scores. 

The test duration was 3 min and 38 s for Case A and 3 min 
and 24 s for Case B.

Fluff Test
For Case A, only one target on the left half of the body 

was omitted, which did not indicate personal neglect; the 
undetached target was on the upper left arm. In contrast, for 
Case B, three targets on the left half of the body were omit-
ted, which indicated personal neglect; the undetached targets 
were two on the upper left arm and one on the trunk.

MPT
The detection rates for Cases A and B were 100% for all 

four conditions; Figure 3 shows the reaction-time results 
for each trial of the two patients individually for the four 
different target–cue conditions. Figure 4 shows the average 
reaction times for each patient individually for the four dif-
ferent target–cue conditions. For the average reaction time, a 
randomization test revealed the main effects of left–right dif-
ferences in the valid and invalid conditions. For Case A, no 
statistical difference was observed between the left and right 
sides for valid conditions (left vs. right: 530 ± 95 vs. 503 ± 67, 
t=1.59, n.s.). However, for the invalid condition, the reaction 
time was significantly higher for the left side than for the 
right (left vs. right: 640 ± 87 vs. 522 ± 42, t=4.04, P <0.01). 
For Case B, the reaction time for the valid condition was 
significantly higher on the left side than on the right (left vs. 
right: 556 ± 186 vs. 492 ± 94, t=2.14, P <0.01). Furthermore, 
the reaction time for the invalid condition was significantly 
higher on the left side than on the right (left vs. right: 646 ± 
105 vs. 535 ± 49, t=3.40, P <0.01).

DISCUSSION

The two patients were found to be subclinical according to 
the total BIT-c score, and all subitems were above the cutoff 
values for USN; however, problematic neglect behavior was 
still observed. Additional neglect evaluations were carried 
out and neglect behavior was detected.
First, interpretation of the additional evaluation results 

of the two patients is given. The total scores of the bells 
cancellation test, which is more sensitive than paper-and-

pencil tests, exceeded the cutoff value for USN in both cases. 
Directional attention is strongly associated with cancellation 
tests.24) In both of our subjects, the bells cancellation test 
showed no left directional attention impairment. MPT is a 
method used to evaluate directional attention based on reac-
tion times. For both subjects, the reaction time on the left 
was higher than that on the right, which is consistent with 
the findings in previous reports.11,13) However, for the valid 
condition, only Case B had an increased reaction time on the 
left side. The valid condition assesses voluntary attention, 
whereas the invalid condition assesses the reorientation of 
attention.3,25) Thus, in Case A, a left reorientation of attention 
deficit was observed, whereas in Case B, left voluntary atten-
tion and left reorientation of attention deficits were observed. 
Furthermore, no directional attention deficit was found in the 
bells cancellation test, although such a deficit was detected 
using MPT. The fluff test results did not indicate a problem 
in Case A, but in Case B, three targets on the left side were 
missed, indicating personal neglect. Personal neglect is the 
closest neglect behavior to the body.26) BIT-c does not as-
sess personal neglect; consequently, its occurrence was not 
confirmed.
Second, the CBS problem is interpreted based on the results 

of the additional evaluations. According to gait observations 
in the two subjects, collisions with people or objects on the 
left side occurred when attention was directed to the right 
side. This is the result of a reorientation of attention deficit. 
Findings for the invalid condition in MPT, which are also 
shown in the above interpretation, support the presence of a 
reorientation of attention deficit in both subjects. Therefore, 
reorientation of attention deficits result in collisions while 
walking. However, only Case B had a left-sided voluntary 
attention deficit. Voluntary attention is required as a USN 
compensation strategy in which patients focus their attention 
to the left side to avoid collisions while walking.27–29) In Case 
B, this compensation strategy to avoid collisions while walk-
ing could not be performed due to their voluntary attention 
deficit. Furthermore, only Case B had personal neglect, a 
left body cognitive defect associated with left collision while 
walking.
Finally, the difference in MPT results between the two 

patients with brain lesions was interpreted. Primary lesions 
in the superior longitudinal fasciculus (SLF) are known to be 
involved in USN.30) Imaging findings showed damage to the 
SLF in both cases (Fig. 1). The SLF is associated with both 
voluntary attention and the reorientation of attention.31) How-
ever, the laterality of voluntary attention reportedly improves 
in the chronic phase.11) In other words, in both subjects, the 
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reaction-time delay improved for the valid condition, which 
evaluates voluntary attention, whereas the reaction time on 
the left side was delayed only for the invalid condition, which 
evaluates the reorientation of attention. However, this result 
was considered to reflect the difference between the anosog-
nosia scores of the two subjects, i.e., only Case B had a delay 
on the left side for the valid condition, unlike the findings in 

a previous study.11) Anosognosia scores were more severe in 
Case B than in Case A (Table 2). Anosognosia is believed 
to affect voluntary attention because it implies difficulty in 
recognizing one’s condition and focusing attention on the 
left side. In Case B, there was almost no awareness of colli-
sions on the left side in daily activities. In contrast, Case A 
had a mild anosognosia score, and it may have been possible 
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Fig. 3.  Modified Posner task reaction time results for each trial. (A) The results of a total of 120 trials in two blocks for 
Case A. (B) The results of a total of 120 trials in two blocks for Case B.
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for her to voluntarily focus attention to the left side. Case 
B was younger than Case A but had cerebral atrophy (Fig. 
1). Anosognosia occurs from a wide range of affected brain 
regions, such as the SLF, the frontal lobe, the temporopa-
rietal junction, and the insular cortex.32) The symptoms of 
anosognosia in Case B may have resulted from widespread 

functional decline caused by cerebral atrophy in addition to 
cerebral infarction in the SLF region.

8 Osaki S, et al: Investigating the Characteristics of Covert Spatial Neglect

Fig. 4.  Average reaction times for the modified Posner task. Comparison of the left and right reaction times for Case A (A) 
and Case B (B) for the modified Posner task for valid and invalid conditions. Bars show mean values and standard deviations. 
**Statistically significant (P<0.01).
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LIMITATIONS

A major limitation of this report is that only two subjects 
were considered; therefore, additional cases should be inves-
tigated in the future. Furthermore, there may be reliability 
problems with USN tests other than the ones evaluated here. 
Moreover, in this report, hemianopia was diagnosed using a 
confrontation visual field examination; a detailed evaluation 
using Goldman’s perimeter would be beneficial. Therefore, 
further investigations into USN in a larger number of sub-
jects are needed.

CONCLUSIONS

In summary, reaction-time tasks were carried out in two 
subclinical patients who did not have USN according to the 
results of BIT-c but who displayed neglect behavior. USN 
evident during ADLs can require additional evaluation using 
MPT and the fluff test.
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