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Abstract. [Purpose] The purpose of this study was the development of a method for presenting diverse visual
information and assessing visual space recognition using a new head mounted display (HMD) system. [Subjects]
Eight patients: four with unilateral spatial neglect (USN) and four with visual field defects (VED). [Methods] A test
sheet was placed on a desk, and its image was projected on the display of the HMD. Then, space recognition assess-
ment was conducted using a cancellation test and motion analysis of the eyeballs and head under four conditions
with images reduced in size and shifted. [Results] Leftward visual search was dominant in VFD patients, while
rightward visual search was dominant in USN patients. The angular velocity of leftward eye movement during vi-
sual search of the right sheet decreased in both patient types. Motion analysis revealed a tendency of VFD patients
to rotate the head in the affected direction under the left reduction condition, whereas USN patients rotated it in the
opposite direction of the neglect. [Conclusion] A new HMD system was developed for presenting diverse visual in-
formation and assessing visual space recognition which identified the differences in the disturbance of visual space

recognition of VFD and USN patients were indicated.
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INTRODUCTION

Typical disturbances of visual space recognition include unilateral spatial neglect (USN) and visual field defects (VFD).
However many aspects of these disorders remain unknown, such as their differences.

It is believed that VFD is present in about 40% of patients with cerebrovascular diseases, and that it is spontaneously
recovered in 50-60% of them!). Principal lesion locations include the lateral geniculate body and temporal lobe?), and oc-
cipital lobe®, where homonymous hemianopsia reportedly occurs. A recent report has described the efficacy of rehabilitation
for VFD®, indicating the efficacy of the compensation method by eye movement. A trend of capturing a visual object in the
central visual field to acquire accurate information has also been described®. VFD patients try to obtain visual information
by concentrating on a field area that remains in the central visual field. Accordingly, it is necessary for them to acquire
information by eye movement to capture an object in an unaffected visual field and head rotation toward the affected visual
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field. These actions are usually designated as visual search.

Several assessment methods of visual search reportedly exist, and include a method of measuring the search range for a
designated target with the head fixed, and a method of ascertaining the search time and the number of correct answers in a
search for a geometric configuration® 7. Moreover, accurate comprehension of pathology requires modification of a head
movement state and the range of instruction without body constraint as in activities of daily living (ADL). However, few re-
ports have described the measurement or analysis of eye movement at the time of presenting such diverse visual information.

Disturbances of space recognition following USN include disorders such as colliding with people or objects during ac-
tivities of daily living or wheelchair accidents caused by failure to operate the brake on the left-hand side. Accordingly,
supervision by a caregiver is often indispensable, even after recovery of motor function by rehabilitation, so USN it is
a great hindrance to the independence of people with disability®. The onset of USN is mostly observed in patients with
cerebrovascular diseases in the right hemisphere from the acute stage to chronic stages”. It is less frequent in patients with
cerebrovascular diseases in the left hemisphere, persisting only slightly until the chronic stage'?.

Test methods for USN include a cancellation test, copy test, drawing test, and line bisection test. The behavioral inat-
tention test (BIT) normalizes these, including laboratory tests imitating daily living scenes!". The Catherine Bergego scale
(CBS) is an assessment method for unilateral spatial neglect symptoms in ADL, for which therapists evaluate activities of
10 types in a real situations by observation. USN is observed even in cases where USN is not observed by desk checking
according to CBS'?, so the CBS is regarded as useful as a USN assessment method in ADL.

Hillis revealed differences in focal sites due to neglect related to the deviation of egocentric and allocentric standards us-
ing magnetic resonance imaging (MRI)!3 4. Consequently, it is commonly considered that methods for recognizing exterior
space include a reference frame centering on an individual’s own body (egocentric reference frame) and that centering on an
object (allocentric reference frame). USN is classified roughly into the following two types: egocentric neglect, in which the
viewer-centered unilateral space is neglected centering on the truncus, head, and retina; and allocentric neglect, in which the
unilateral space of an object is neglected centering on the object itself in the exterior space, irrespective of the relation to the
individual’s own body position.

Jeffrey et al. investigated the relation between six BIT subtests and damaged areas, and examined the relevance between
egocentric and allocentric neglect. They reported that egocentric neglect is related to the results of the star, letter, and line
cancellation tasks and damaged areas in the frontal and parietal lobes, whereas allocentric neglect is related to the results of
the line bisection, copying, and drawing tasks, and damaged areas in the temporal and parietal lobes!®). These results suggest
that USN might exhibit various symptoms under the effect of different inputs. Accordingly, it is necessary to carry out
assessment and examination from multiple and different viewpoints for accurate comprehension and analysis of USN!: 17,

The aim of this study was to evaluate a new head mounted display (HMD) system that has been devised for quantitatively
assessing the visual recognition of patients with cerebrovascular diseases'® 9. USN symptoms not disclosed by the ordinary
line cancellation test were found by the HMD system. Eyes and head movement analysis were also added to the HMD
system?% 2D,

Various reports have described the assessment of the eye movement of left USN patients?> 24, However, few studies
have analyzed impairment of the visual field in VFD and USN without body constraint in relation to ADL. The differences
between the visual problems of VFD and USN have not been clarified under diverse visual conditions during the simultane-
ous measurement of movement of the eye, head and trunk. Therefore, the purposes of this study were to assess the eye
movements of USN and VFD patients and to clarify the characteristics of the disturbance of spatial recognition.

SUBJECTS AND METHODS

A total of eight subjects participated: four USN patients and four VFD patients (Table 1). The USN patients had right
hemisphere damage verified by MRI. Neglect was assessed using the CBS, which is reported to be valid and reliable as an
assessment of USN symptoms in ADL!?. It should be noted that patients unable to remain in a seated position in a wheelchair
or chair, with impaired vision, or remarkable dementia as determined by a MMSE score of 20 or less were beyond the scope
of this study. Informed consent was obtained from all of the subjects prior to their inclusion in the study. This study received
the approval of the Ethics Committee of the Graduate School of Information Science and Technology of Hokkaido University
(2010-03).

The line cancellation test was conducted in accordance with the “normal inspection” of the BIT Japan version. For this
analysis, the test sheet of the line cancellation test was divided into a left and right side except four lines in the center. Then
the percentages of correct answers of the number of lines cancelled were determined on each side. The test was performed
under all conditions for comparison of the results (Fig. 1).

The HMD system captured the image of the test sheet with an overhead camera and displayed the image on the liquid
crystal display (LCD) inside the HMD unit. The HMD system control unit can reduce the image size or shift the image on
the LCD. The HMD system can produce images for a patient to view the test sheet easily, or not to view it, to evaluate the
severity of visual deficit.

Since the image is viewed in the HMD, the image does not move when the subject’s head moves, thereby providing an
environment which requires visual search by eye movement to carry out the line cancellation test.
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For this study, two miniature CMOS cameras were installed in the HMD unit. This enabled us to record the eye movement
of each eye. During the examination, the head and trunk movements were recorded by a digital video camera and the video
image was saved synchronous with the eye movement using a monitor splitter. When the subject fixed his/her eye on the
center of the test sheet, the positions of the eye, head, and trunk were used as the basic reference position for analyzing their
movements (Fig. 2).

The recorded eye movements were analyzed using motion analysis software (Frame-DIAS IV, DKH Inc., Tokyo, Japan).
In the analysis, the center position (X, Y) of the eye was identified using the ellipse of the pupil obtained in the image process-
ing binarization of the eye image. Our experiment evaluated the eye position at a sampling frequency of 20 Hz.

When a subject’s gaze was fixed on the center of the test sheet, the eye position was analyzed and was used as the reference
position. Then, the frequency ratio of the right view to the left view during the test was determined. The frequency distribu-
tion of the eye position was determined using the right and left views according to the area of the right and the left regions in
the histogram of the eye movement angle. Additionally, the velocity of the angular movement from the angular positions of
the eye was calculated at the rate of 1/20 s. This angular velocity of the eye movement was evaluated in the line cancellation
test. The difference between the right and the left side sheets was analyzed. Rapid eye movements were excluded from the
measured angular velocity data, as in previous studies, data faster than 100 deg/sec were eliminated.

For each condition, with either the right or left side of a test sheet blanked, the present study conducted a two-way analysis
of variance with multiple comparisons and Bonferroni correction to determine the significance of differences among the
visual presentation conditions in the transverse direction of eye movement and the differences in the angular velocity of eye
movement in the transverse direction.

For the tests, subjects sat on a chair and a test sheet was placed on a desk with its midline aligned with that of the subject
body. All the tasks were conducted with no restriction on the test time. First, the subject performed the line cancellation test,
a commonly performed clinical test, without the HMD. To prepare the HMD, the examiner wore the HMD unit, and adjusted
the CMOS camera so that the image of the right eye appeared in the center of the monitor display. Then, the subject wore
the HMD unit and the measurement started. After instructing a subject to fix the eyes on the center of the test sheet, video

Table 1. Physical and clinical characteristics of patients with unilateral spatial neglect and visual field defects

Patient Gender Age Actiology Lesion location VFD  Days since onset MMSE CBS
VEDI M 60 Tumour parieto-occipital yes 353d 28 7
VFD2 F 43 Infarction occipital, cerebellum  yes 286 d 30 3
VFD3 M 36 Infarction occipital yes 75d 30 3
VFD4 M 54 Infarction putamen yes 13y 30 7
USNI1 F 26 Hemorrhage temporo-parietal no 164d 25 8
USN2 M 79 Infarction fronto-parietal no 86d 27 9
USN3 M 78 Hemorrhage putamen no 37d 21 8
USN4 M 58 Infarction front-parietal no 35d 27 8

VED: visual field defects, USN: unilateral spatial neglect, y: year, d: days, CBS: Catherine Bergego scale
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Fig. 1. Analysis method of the line cancellation test

Fig. 2. Experimental apparatus
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images of the eye movement were recorded during the examination. The subject performed the line cancellation test using
the HMD under the following four conditions: no reduction in the test sheet image, center reduction (80% reduction toward
the center of the LCD), and right and left reductions (80% reduction toward the right and left end of the LCD). The subjects
performed these tests in that order.

RESULTS

The correct answer rate of VFD patients showed no decline for any condition of the right and left sheets. The eyeball
position was higher on the left-hand side under the conditions of no reduction, center reduction, and left reduction of an
image on a test sheet, but higher on the right-hand side under the right reduction condition.

USN patients had a correct answer score of 100% for in the left sheet in the common clinical test, although it dropped
to 40% under the no-reduction condition of the HMD, 42% under center/right reduction, and 38% under left reduction. In
the right sheet, it was 98% in the common clinical test, and declined to 63% under the no-reduction and center reduction
conditions, 59% under right reduction, and 61% under left reduction. Therefore, a reduction in the percentage of correct
answers for the left sheet was observed in comparison to the right sheet. The eyeball position deviated to the right under all
the conditions, and right deviation was especially greater under the center and right reduction conditions. The ratio of the left
sheet increased under the left reduction condition.

The angular velocity of eye movement of the VFD patients was significantly faster in leftward eye movement under
the right reduction condition for the left sheet, but was not significantly different under the other conditions, even though
rightward eye movement was faster for the right sheet (Table 2). The angular velocity of leftward eye movement was faster
under the right reduction condition than under the no-reduction condition for the left sheet, even though it was slower under
center and left reduction than under no-reduction the right sheet.

The angular velocity of eye movement of the USN patients showed no significant difference according to the direction
of eye movement under any condition for the left sheet. However, that of leftward eye movement under the left reduction
condition was the fastest. The angular velocity of rightward eye movement increased for the right sheet (Table 2). Moreover,
for the right sheet, the angular velocity of leftward eye movement under the center and right reduction conditions was faster
than under the no-reduction condition, and slower under left reduction than under center reduction.

Patients VFD1,2 tended to rotate the head leftward, and especially VFD2 shifted the trunk to the left-hand side; patients
VFD3.,4 did not move the head and trunk. In contrast to the VFD patients, USN patients tended to rotate the head rightward,
except for USN2. Patient USN3 did not clearly move the head or trunk. The head and trunk movements of patient USN4
showed no association with eye movement (Table 3).

DISCUSSION

The line cancellation test revealed the HMD did not influence the visual field conditions, according to the line cancellation
rate of the VFD patients, even though the percentage of correct answers was lower when USN patients were wearing the
HMD. The USN patients in this laboratory test presented left spatial neglect in the everyday life according to the CBS score.
A new assessment and training for USN with use of a HMD was proposed by Tanaka et al'®2D. There are a few reasons
for the decline in the line cancellation rate for the right sheet of the VFD and USN patients. One reason is that, because all
subjects were right-handed, attention deviated rightward. As they cleared a cancellation test from the right-hand side, their
own hand shown on the monitor of the HMD hid lines on the right sheet. Reinhart et al. studied neglect dyslexia in which

Table 2. Mean angular velocity of eye movement under each condition

Direction of eye movement over Direction of eye movement over
the left sheet (deg/s) the right sheet (deg/s)
left direction (SD) right direction (SD) left direction (SD) right direction (SD)
no reduction 3.9(6.0) 4.1(7.2) 4.4(6.4) 5.2(8.0) -

VFD center reduction 3.5(5.1) 3.8(5.7) 3.94.8) 5.3(6.6)

(n=4)  right reduction 4.2(7.4) 3.9(6.5) * 4.3(6.3) 5.2(8.5) *
left reduction 3.4(5.2) 39(5.9 3.8(5.2) 4.5(7.1) *
no reduction 5.1(7.7) 4.6(7.0) 4.1(7.0) 6.1 (10.6) -

USN center reduction 47(5.2) 4.1(6.3) 4.6(7.5) 6.3 (10.1) -

(n=4) right reduction 3.5(5.5) 3.6(5.4) 4.5(7.1) 59094) -
left reduction 5.5(74) 5.3(7.1) 4.1(6.6) 5.7(9.5) -

*p<0.01, "p<0.05.
VFD: visual field defects, USN: unilateral spatial neglect
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the left half of characters or words tends to be overlooked, and reported that manual head rotation in the direction of neglect
reduced omission of the left parts of texts, but no such effect was found for words?>). Furthermore, Niemeier et al. reported
that a frame provided for a search of lines enhanced the gradient of attention, tending not leftward but rightward therein for
USN patients®®. These results suggest that observing an assessment sheet using an HMD specified the range of attention and
diverted attention rightward. The percentage of correct answers for the left sheet increased under the center reduction and
right reduction conditions, compared with the no-reduction condition, although it dropped under the left reduction condition.
This result is considered to have occurred because the left sheet was shifted to the right-hand side of the screen under the
center reduction and right reduction conditions, compared with the no-reduction condition. In contrast, it is our presumption
that the percentage of correct answers decreased, because the left sheet was shifted to the left-hand side under the left reduc-
tion condition.

The eyeball position of the VFD patients tended to stay over the left sheet under the no-reduction, center reduction, and
left reduction conditions, and over the right sheet under only the right reduction condition, probably because of the left reduc-
tion condition, assessment sheets tended to be presented on the side of visual field defects, and because compensation by eye
movement was enhanced by visual search. Therefore, the ratio of the left-hand side might be increased. In addition, the ratio
of the right-hand side might be increased so that the assessment sheets tended to be presented in an unaffected visual field
under the right reduction condition. The eyeball position of USN patients deviated rightward under all the conditions: right
deviation increased under the center and right reduction conditions, and declined under the left reduction condition. Karnath
et al. measured the eye movements of USN patients in darkness where no object was apparent, and reported deviation of
visual search to the ipsilesional side?”). They also reported that VFD patients moved the visual axis to the left end with visual
field defects and conducted bisection, while USN patients did not search for the left end, but performed bisection in a position
deviated toward the right-hand side, in an examination of the visual search in the line bisection test*®). The eye movement
of the USN patients also deviated rightward in this study and leftward for the VFD patients. It is our assumption that this
system, in which an image taken with a camera fixed overhead is projected on HMD, implements conditions close to object
center coordinates, as well as the effect of the environment where the position of an image remains unshifted irrespective of
head motion.

The angular velocity of rightward eye movement of the VFD and USN patients was faster over the right sheet, However,
there was no difference in right and left angular velocities of eye movement of the VFD patients over the left sheet, except
under the right reduction condition. A similar study of visual spatial attention compared reaction times and found that reaction
to a stimulus in the right visual field of USN patients was faster than that of healthy persons by comparison of reaction time?”).
Moreover, it is our belief that a key stimulus is located on the right-hand side of USN patients in a target stimulus detection
task, so that the reaction time is delayed by hundreds of milliseconds or more when a target stimulus occurs in the affected
left-hand side compared with a key stimulus on the left-hand side®?). It is our conjecture that the eye movement at the time
of turning attention leftward was affected, because the key stimulus was on the right-hand side during the cancellation task
on the right sheet in this study. When both VFD and USN patients turn attention toward the right side, it is difficult for them
to switch attention to the left side from the right side. The angular velocity of leftward eye movement of VFD patients over
the right sheet was slower under the no-reduction condition than under either the center or left reduction conditions, although
it was faster center and right reduction than no-reduction, and slower under left reduction than under center reduction for
USN patients. These results indicate that the eyeball position of each condition affects the angular velocity of leftward eye
movement. It is our opinion that VFD patients have little need to move the eyeball fast leftward because their eyeball position
is originally deviated leftward. However, that when USN patients are required to move the eyeball leftward fast the eyeball

Table 3. Motion analysis

head and trunk movement eye movement
no center right left no center right left
reduction  reduction reduction  reduction reduction  reduction  reduction  reduction

VEDI — — — — — — — —
VED2 — — = — — — — —
VFD3 = = = = — — — —
VFD4 = = = — — — N -
USNI1 — — — — — — — —
USN2 — — — — — — — —
USN3 = = = = — — — —
USN4 = = — — — — — —

Right (—) and left (<) arrows indicate directions of head rotation and eye movement
VFD2 patient showed trunk shift and no head rotation

Equal sign (=) indicates no change in movement

VED: left visual field defect, USN: unilateral spatial neglect
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position is deviated rightward. The angular velocity of eye movement under the left reduction condition was slow over the
right sheet but the fastest over the left sheet. This reflects the possibility that presentation of diverse visual information is
applicable for the training of rapid eyeball movements in an affected direction and the space of neglect.

Motion analysis of eye movement and head motion revealed the tendency of VFD patients rotate the head in the affected
direction under the left reduction condition. Moreover, a decline of speed was observed in the angular velocity of leftward
eyeball movement under the left reduction condition, so compensation the head or trunk increased. Patient VFD2 had the
smallest visual field. Therefore, VFD2 shifted the trunk to the impaired view to compensate for head movement. The eye
movement of USN patients in the acute stage has been reported to deviate rightward and deviation of head motion in severe
disorders?* 3D, Patient USN2 had severe USN. Patients in this study showed a tendency of rightward head rotation. It is
our belief that the present HMD system created the environmental conditions which draw attention to the right. However,
USNI rotated the head to the left under all conditions as well as leftward eye movement. Consequently, these results suggest
that attention can be shifted leftward in the chronic stage, even under an environment encouraging rightward deviation. As
described above, this study demonstrated the importance and usefulness of assessment under an environment close to the
ADL of daily living with unconstrained motion of the head or trunk by presentation of various visual information.

A systematic review of for USN reported that visual scanning training (VST), trunk rotation (TR) or repeated neck muscle
vibrations (NMV), video feedback training, and prism adaptation (PA) can be recommended for the rehabilitation of patients
with left neglect’?). Recently, several studies of rTMS and tDCS have also been published>*%. However, these studies did
not indicate a long-term functional improvement of visual spatial impairment.

A new training using various visual stimuli presented by the HMD system will be developed to adjust for to the character-
istics of the eye and head movements of patients with spatial cognitive impairment.

The new HMD system might be able to present diverse visual information and to evaluate the objective disturbance of
visual space recognition. Furthermore, the present study has elucidated differences in the disturbance of visual space recogni-
tion of VFD and USN patients by the analysis of head motion and eye movement using the HMD system.

REFERENCES

1) Zhang X, Kedar S, Lynn MJ, et al.: Natural history of homonymous hemianopia. Neurology, 2006, 66: 901-905. [Med-
line] [CrossRef]

2) Shibata K, Nishimura Y, Kondo H, et al.: Isolated homonymous hemianopsia due to lateral posterior choroidal artery
region infarction: a case report. Clin Neurol Neurosurg, 2009, 111: 713-716. [Medline] [CrossRef]

3) Zhang X, Kedar S, Lynn MJ, et al.: Homonymous hemianopia in stroke. J Neuroophthalmol, 2006, 26: 180—183. [Med-
line] [CrossRef]

4) George S, Hayes A, Chen C, et al.: The effect of static scanning and mobility training on mobility in people with
hemianopia after stroke: a randomized controlled trial comparing standardized versus non-standardized treatment
protocols. BMC Neurol, 2011, 11: 87. [Medline] [CrossRef]

5) Zangemeister WH, Stark L: Active head rotations and eye-head coordination. Ann N'Y Acad Sci, 1981, 374: 540-559.
[Medline] [CrossRef]

6) Hirayama K, Sakai S, Yamawaki R, et al.: [Visual search training for a case of homonymous field defect with multiple
visual dysfunctions]. No To Shinkei, 2004, 56: 403—413. [Medline]

7) Mannan SK, Pambakian AL, Kennard C: Compensatory strategies following visual search training in patients with
homonymous hemianopia: an eye movement study. J Neurol, 2010, 257: 1812—1821. [Medline] [CrossRef]

8) Nijboer T, van de Port I, Schepers V, et al.: Predicting functional outcome after stroke: the influence of neglect on basic
activities in daily living. Front Hum Neurosci, 2013, 7: 182. [Medline] [CrossRef]

9) Stone SP, Halligan PW, Greenwood RJ: The incidence of neglect phenomena and related disorders in patients with an
acute right or left hemisphere stroke. Age Ageing, 1993, 22: 46-52. [Medline] [CrossRef]

10) Bowen A, McKenna K, Tallis RC: Reasons for variability in the reported rate of occurrence of unilateral spatial neglect
after stroke. Stroke, 1999, 30: 1196-1202. [Medline] [CrossRef]

11) Halligan PW, Cockburn J, Wilson BA: The behavioural assessment of visual neglect. Neuropsychol Rehabil, 1991, 1:
5-32. [CrossRef]

12) Azouvi P, Olivier S, de Montety G, et al.: Behavioral assessment of unilateral neglect: study of the psychometric prop-
erties of the Catherine Bergego Scale. Arch Phys Med Rehabil, 2003, 84: 51-57. [Medline] [CrossRef]

13) Hillis AE, Newhart M, Heidler J, et al.: Anatomy of spatial attention: insights from perfusion imaging and hemispatial
neglect in acute stroke. J Neurosci, 2005, 25: 3161-3167. [Medline] [CrossRef]

337


http://www.ncbi.nlm.nih.gov/pubmed/16567709?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16567709?dopt=Abstract
http://dx.doi.org/10.1212/01.wnl.0000203338.54323.22
http://www.ncbi.nlm.nih.gov/pubmed/19651472?dopt=Abstract
http://dx.doi.org/10.1016/j.clineuro.2009.07.003
http://www.ncbi.nlm.nih.gov/pubmed/16966935?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16966935?dopt=Abstract
http://dx.doi.org/10.1097/01.wno.0000235587.41040.39
http://www.ncbi.nlm.nih.gov/pubmed/21767413?dopt=Abstract
http://dx.doi.org/10.1186/1471-2377-11-87
http://www.ncbi.nlm.nih.gov/pubmed/6951452?dopt=Abstract
http://dx.doi.org/10.1111/j.1749-6632.1981.tb30899.x
http://www.ncbi.nlm.nih.gov/pubmed/15279198?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20556413?dopt=Abstract
http://dx.doi.org/10.1007/s00415-010-5615-3
http://www.ncbi.nlm.nih.gov/pubmed/23675336?dopt=Abstract
http://dx.doi.org/10.3389/fnhum.2013.00182
http://www.ncbi.nlm.nih.gov/pubmed/8438666?dopt=Abstract
http://dx.doi.org/10.1093/ageing/22.1.46
http://www.ncbi.nlm.nih.gov/pubmed/10356099?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.30.6.1196
http://dx.doi.org/10.1080/09602019108401377
http://www.ncbi.nlm.nih.gov/pubmed/12589620?dopt=Abstract
http://dx.doi.org/10.1053/apmr.2003.50062
http://www.ncbi.nlm.nih.gov/pubmed/15788773?dopt=Abstract
http://dx.doi.org/10.1523/JNEUROSCI.4468-04.2005

14) Hillis AE: Rehabilitation of unilateral spatial neglect: new insights from magnetic resonance perfusion imaging. Arch
Phys Med Rehabil, 2006, 87: S43—S49. [Medline] [CrossRef]

15) Kenzie JM, Girgulis KA, Semrau JA, et al.: Lesion sites associated with allocentric and egocentric visuospatial neglect
in acute stroke. Brain Connect, 2015, 5: 413—422. [Medline] [CrossRef]

16) Halligan PW, Fink GR, Marshall JC, et al.: Spatial cognition: evidence from visual neglect. Trends Cogn Sci, 2003, 7:
125-133. [Medline] [CrossRef]

17) Morioka S, Matsuo A, Abe M, et al.: Body image of the unilateral spatial neglect patients with self-portrait drawing. J
Phys Ther Sci, 2005, 17: 39-42. [CrossRef]

18) Tanaka T, Sugihara S, Nara H, et al.: A preliminary study of clinical assessment of left unilateral spatial neglect us-
ing a head mounted display system (HMD) in rehabilitation engineering technology. J Neuroeng Rehabil, 2005, 2: 31.
[Medline] [CrossRef]

19) Tanaka T, Ifukube T, Sugihara S, et al.: A case study of new assessment and training of unilateral spatial neglect in
stroke patients: effect of visual image transformation and visual stimulation by using a Head Mounted Display system
(HMD). J Neuroeng Rehabil, 2010, 7: 20. [Medline] [CrossRef]

20) Sugihara S, Miyasaka T, Tanaka T: A study of assessment of unilateral spatial neglect using a system for motion analy-
sis of eyes and a head-neck. IEEE/SICE Int Symp Syst Integr, 2009, 67-70.

21) Sugihara S, Tanaka T, Miyasaka T, et al.: Assessment of visual space recognition in patients with visual field defects
using head mounted display (HMD) system: Case study with severe visual field defect. In Proceedings of the Annual
International Conference of the IEEE Engineering in Medicine and Biology Society, EMBS, 2013, 6929-6932.

22) Ishiai S: What do eye-fixation patterns tell us about unilateral spatial neglect? Restor Neurol Neurosci, 2006, 24:
261-271. [Medline]

23) Fruhmann-Berger M, Karnath HO: Spontaneous eye and head position in patients with spatial neglect. J Neurol, 2005,
252: 1194-1200. [Medline] [CrossRef]

24) Fruhmann Berger M, Pross RD, Ilg U, et al.: Deviation of eyes and head in acute cerebral stroke. BMC Neurol, 2006,
6: 23. [Medline] [CrossRef]

25) Reinhart S, Keller I, Kerkhoff G: Effects of head rotation on space- and word-based reading errors in spatial neglect.
Neuropsychologia, 2010, 48: 3706—3714. [Medline] [CrossRef]

26) Niemeier M, Karnath HO: Stimulus-driven and voluntary saccades are coded in different coordinate systems. Curr
Biol, 2003, 13: 585-589. [Medline] [CrossRef]

27) Karnath HO, Fetter M: Ocular space exploration in the dark and its relation to subjective and objective body orientation
in neglect patients with parietal lesions. Neuropsychologia, 1995, 33: 371-377. [Medline] [CrossRef]

28) Barton JJ, Behrmann M, Black S: Ocular search during line bisection. The effects of hemi-neglect and hemianopia.
Brain, 1998, 121: 1117-1131. [Medline] [CrossRef]

29) Natale E, Posteraro L, Prior M, et al.: What kind of visual spatial attention is impaired in neglect? Neuropsychologia,
2005, 43: 1072-1085. [Medline] [CrossRef]

30) Corbetta M, Kincade MJ, Lewis C, et al.: Neural basis and recovery of spatial attention deficits in spatial neglect. Nat
Neurosci, 2005, 8: 1603-1610. [Medline] [CrossRef]

31) Becker E, Karnath HO: Neuroimaging of eye position reveals spatial neglect. Brain, 2010, 133: 909-914. [Medline]
[CrossRef]

32) Luauté J, Halligan P, Rode G, et al.: Visuo-spatial neglect: a systematic review of current interventions and their ef-
fectiveness. Neurosci Biobehav Rev, 2006, 30: 961-982. [Medline] [CrossRef]

33) Brighina F, Bisiach E, Oliveri M, et al.: 1 Hz repetitive transcranial magnetic stimulation of the unaffected hemisphere
ameliorates contralesional visuospatial neglect in humans. Neurosci Lett, 2003, 336: 131-133. [Medline] [CrossRef]

34) Cha HK, Ji SG, Kim MK, et al.: Effect of transcranial direct current stimulation of function in patients with stroke. J
Phys Ther Sci, 2014, 26: 363-365. [Medline] [CrossRef]

35) Bang DH, Bong SY: Effect of combination of transcranial direct current stimulation and feedback training on visuospa-
tial neglect in patients with subacute stroke: a pilot randomized controlled trial. J Phys Ther Sci, 2015, 27: 2759-2761.
[Medline] [CrossRef]

338 J. Phys. Ther. Sci. Vol. 28, No. 2, 2016


http://www.ncbi.nlm.nih.gov/pubmed/17140879?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2006.08.331
http://www.ncbi.nlm.nih.gov/pubmed/25575355?dopt=Abstract
http://dx.doi.org/10.1089/brain.2014.0316
http://www.ncbi.nlm.nih.gov/pubmed/12639694?dopt=Abstract
http://dx.doi.org/10.1016/S1364-6613(03)00032-9
http://dx.doi.org/10.1589/jpts.17.39
http://www.ncbi.nlm.nih.gov/pubmed/16207373?dopt=Abstract
http://dx.doi.org/10.1186/1743-0003-2-31
http://www.ncbi.nlm.nih.gov/pubmed/20470434?dopt=Abstract
http://dx.doi.org/10.1186/1743-0003-7-20
http://www.ncbi.nlm.nih.gov/pubmed/17119303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15895307?dopt=Abstract
http://dx.doi.org/10.1007/s00415-005-0831-y
http://www.ncbi.nlm.nih.gov/pubmed/16800885?dopt=Abstract
http://dx.doi.org/10.1186/1471-2377-6-23
http://www.ncbi.nlm.nih.gov/pubmed/20833189?dopt=Abstract
http://dx.doi.org/10.1016/j.neuropsychologia.2010.09.006
http://www.ncbi.nlm.nih.gov/pubmed/12676090?dopt=Abstract
http://dx.doi.org/10.1016/S0960-9822(03)00171-4
http://www.ncbi.nlm.nih.gov/pubmed/7792004?dopt=Abstract
http://dx.doi.org/10.1016/0028-3932(94)00115-6
http://www.ncbi.nlm.nih.gov/pubmed/9648547?dopt=Abstract
http://dx.doi.org/10.1093/brain/121.6.1117
http://www.ncbi.nlm.nih.gov/pubmed/15769493?dopt=Abstract
http://dx.doi.org/10.1016/j.neuropsychologia.2004.10.002
http://www.ncbi.nlm.nih.gov/pubmed/16234807?dopt=Abstract
http://dx.doi.org/10.1038/nn1574
http://www.ncbi.nlm.nih.gov/pubmed/20157012?dopt=Abstract
http://dx.doi.org/10.1093/brain/awq011
http://www.ncbi.nlm.nih.gov/pubmed/16647754?dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2006.03.001
http://www.ncbi.nlm.nih.gov/pubmed/12499057?dopt=Abstract
http://dx.doi.org/10.1016/S0304-3940(02)01283-1
http://www.ncbi.nlm.nih.gov/pubmed/24707084?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.363
http://www.ncbi.nlm.nih.gov/pubmed/26504287?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.2759

