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Neural systems involved in spatial discrimination
based on viewer- and object-centered reference
frames; A study using the LORETA analysis of
event-related potentials

Yuriko Kiriyama'**, Katsumi Umeno’~, Etsuro Hori'>, Yang Li"? Nobuyuki Sunahara®, Taketoshi Ono’-?, Hisao
Nishijo'-3

ABSTRACT

Event-related potentials (ERPs) were recorded while the subjects detected defective parts of circles,
presented on a monitor, based on the viewer- and object-centered reference frames. These figures elicited the
ERPs mainly at the parietal areas. A sSLORETA analysis of the ERPs indicated that current source density (CSD)
was higher at the dominant right parietal lobe in the both tasks based on the viewer- and object-centered
reference frames. Furthermore, CSD was higher at the superior frontal and superior temporal gyri only in the
object-centered reference frame task. The results, along with the previous anatomical data, suggest an
involvement of the dorsal visual pathways in the viewer-centered reference frame while the both dorsal and
ventral visual pathways might be involved in the object-centered reference frame. These results further suggest

that the both visual pathways might converge on the right dominant parietal lobe.
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INTRODUCTION

Spatial hemineglect refers to the defective
ability of patients with unilateral brain damage to
explore the side of space contralateral to the lesion
(contralesional), and to report stimuli presented in
that portion of space (Vallar, 1998). A left neglect
right
dramatic

syndrome is most commonly observed in
brain-domaged patients and is often
enough to constitute a major handicap (Heilman and
Valenstein, 1979; Vallar, 1993). The left spatial
hemineglect usually occurs after injuries of the middle
cerebral artery (Heilman et al., 1983; Vallar and
Perani, 1986; Leibovitch et al., 1998; Vallar, 2001)
or posterior cerebral artery (Cals et al., 2002). Its
responsible lesions have been debated; the right
parietal lobe, right side of the right temporo-occipital
junctional region , superior temporal gyrus, or right
frontal lobe, etc., which vary according to the reports
(Heilman et al., 1983; Vallar and Perani, 1986;
Leibovitch et al., 1998; Mesulam, 1999; Vallar,
2001; 2004).

mechanisms of spatial hemineglect have been

Karnath et al,, Various neural
proposed based on its symptoms; sensory inattetion
(Brain, 1941), eye movement disorder (Malhotra

2006),

inter-hemispheric

impairment  of  reciprocal
inhibition 1977;
Hilgetag et al., 2001), unilateral arousal disorder
(Mesulam, 1982; Heilman et al., 1985), unilateral
1979),
contralesional loss of representational space (Bisiach
and Luzzatti, 1978; Bisiach et al., 1996), and
fiber

et al,

(Kinsbourne,

hypokinesia  (Heilman and  Valenstein,

transaction of the cerebral white matter
(Baltoromeo et al., 2007).

The above inconsistent results suggest that
neglect is a heterogenous condition. Indeed, the
detailed analysis of these studies has demonstrated
that there are two kinds of cases of spatial neglect; an
impairment of atftention to objects presented in the
contralesional side of space relative to the head,
body, or visual field (viewer-centered neglect), and an
impairment of attention to the contralesional side of
an individual object regardless of its location with
respect to the viewer (stimulus-centered neglect) (Ota
et al., 2001, 2003). These 2 types of neglect are
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comparable to egocentric and allocentric neglect,
respectively (Chatteriee, 1994; Hillis et al., 2005;
Marsh and Hillis, 2008). These results suggest
presence of at least 2 different reference frames that
represent external environmental information in the
brain, and that the differences among the symptoms
are attributed to differences of the impaired reference
frames (Myers, 1999). One of the 2 reference frames
is a viewer-centered reference frame, and the other,
an object or stimulus-centered reference frame
(allocentric reference frame) (Hillis, 2006). In the
viewer-centered reference frame, the origin of space
coordinate axes is located at the center of the visual
field (or the center of the head or body of the viewer),
while the origin is located at the center of the object
in the stimulus-centered reference frame.

A recent neurological study using patients
with brain damages suggested that the right angular
gyrus (right inferior parietal lobule) was responsible
for neglect to the left side of patients (egocentric
neglect), while the right superior temporal gyrus was
responsible for neglect to the left side of objects
(allocentric neglect) (Hillis et al., 2005). A functional
MRI study using healthy subjects suggested that the
superior parietal lobule was associated with the
viewer-centered reference frame, while the superior
gyrus
reference frame

is associated with the object-
2006). A
neurophysiological study using monkeys reported that

temporal
centered (Neggers,
neurons in the frontal eye field responded to stimuli in
the object-centered reference frame (Olson, 2003).
These studies suggest that at least 2 different neural
systems for the 2 different reference frames might
function. However, it remains unknown precise time
course of activity of the above various brain regions
in spatial discrimination tasks based on the 2 different
reference frames.

In the present study, to analyze temporal
brain

changes in these

event-related potentials (EPRs) were recorded in

activity  in regions,

spatial  discrimination  tasks  based on  the
viewer-centered and object-centered reference
frames. The current source density of ERP

components was analyzed by the standardized
low-resolution brain electromagnetic tomography

(sLORETA) method (Pascual-Marqui, 2002).
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METHODS

1) Subjects

Five healthy subjects were enrolled (mean
age 32 = 2.6 yrs; range, 24 to 39 yrs; 3 females, 2
males; 4 right-, and 1-left handed). All subjects were
treated in strict compliance with the Declaration of
Helsinki and U.S. Code of Federal Regulations for
protection of human subjects. The experiments were
conducted with the understanding and consent of
each subject, and approved by the ethical committee
at our university.

2) Spatial discrimination tasks

In the present study, four kinds of the figures
(circles) were presented according to the study by Ota
et al. (2003) (Fig. 1A). The circles with an external
diameter of 3 cm, either end of the sides of which was
defective, were displayed at 8 cm left or 8 cm right

from the center (indicated by "+" mark) of the monitor.

These four kinds of the circles were based on the
defective areas and position of the circles on the
monitor: 1) the circle was presented at the left of the
monitor and the left side of the circle was defective (LL
stimulation), 2) the circle was presented at the right of
the monitor and the left side of the circle was
defective (RL stimulation), 3) the circle was presented
at the left side of the monitor and the right side of the
circle was defective (LR stimulation), and 4) the circle

was presented at the right of the monitor and the right
side of the circle was defective (RR stimulation). Thus,
the circles look like “C” or “reversed C”.

Two discrimination tasks were performed in
random order. In the viewer-centered reference frame
(VCT) task, the subjects were required to identify
whether stimulation figures were on the right or left of
the "+" mark, located at the center of the monitor,
while they were required to identify whether a
defective part of a circle was at the left or right end of
the circle in the object-centered reference frame
(OCT) task. In the both tasks, the "+" mark was
always displayed at the center of the monitor and the
subjects were asked to fixate it. In both of the tasks,
four kinds of stimulation figures (LL, RL, LR and RR)
were randomly displayed for 800 msec (Fig. 1B). A
signal sound (50 msec) was generated 1050 msec
after the disappearance of stimulation, and the
subjects were required to press a key on a keyboard
within 2000 msec after the sound. When the subjects
judged the position of the defective part to be to the
left, they required to press a left directional operation
key («-), and to presse a right directional operation
key (—) when they judged it to be to the right. The
inter-task interval between trials was randomly set af
1000 to 3000 msec and each of the tasks was
performed for 22 to 24 min.

11




NEUROBIOLOGIA, 73 (1) 2010

jan./mar.,

A. Figures
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Fig. 1. Schematic representation of the stimulus presentation in the viewer-centered (VCT) and object-centered (OCT) tasks.

A: Visual stimuli. a, a circle whose left side end was missing was presented to the left side of the center ("+" mark) of the monitor (LL
stimulation). b, a circle whose left side end was missing was presented to the right side of the center ("+" mark) of the monitor (RL
stimulation). ¢, a circle whose right side end was missing was presented to the left side of the center ("+" mark) of the monitor (LR
stimulation). d, a circle whose right side end was defective was presented to the right side of the center ("+" mark) of the monitor

(RR).

B: Time course of the tasks. Fixation cross "+" was always presented at the center of the monitor, and the subjects were instructed
to fixate it. The figures were presented in random interval. After the figures disappeared, a signal sound was presented and the

subjects were required to press a key on the keyboard.

2) Recording and analyses of electroencephalograms
(EEGs)

According to the International 10-20 system,
60 EEG electrodes were placed on the scalp. The
EEGs were continuously recorded using a 128ch
amplifier (Nihon Kohden, EEG-1100). These were
referred to the tip of the nose, and the impedance
was kept below 5 KQ. A ground electrode was placed
on the forehead. The EEGs were filtered (0.3 to 120
Hz) and digitized (sampling rate, 500 Hz). The
electrooculograms (EOGs) were also recorded to
detect eye blinking and movements.

In EEG analyses, various noises including

EOGs
component analysis (ICA). Then, the EEG data were

were removed using the independent
segmented between -200 to 800 msec in reference to
the onset of visual stimuli, and visual evoked
potentials (VEPs) were summed and averaged in

individual channels for each of four circles in the VCT
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and OCD tasks. Finally, the grand averaged ERPs

were computed across the subjects. Electric
potential distribution of ERP was converted into the
current source density (CSD) topography to analyze
the input and output current distribution across the
scalp using EEGLAB (Delorme and Makeig, 2004).
The EEG data were also analyzed by
sLORETA method (Pascual-Marqui, 2002) to estimate
sLORETA

calculates the standardised current source density at

the current source density. Briefly,
each of 6239 voxels in the grey matter and the
hippocampus of the MNIl-reference brain. This
calculation is based upon a linear weighted sum of
the scalp electric potentials. sSLORETA estimates the
that

neighbouring voxels should have a maximally similar

underlying sources under the assumption

electrical activity. In the present study, at each peak
latency, three brain regions with the highest current
source density were evaluated.
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RESULTS

1) ERP wave patterns

Figure 2 shows the grand averaged ERPs
when RR stimulus was presented. EEG waves were
observed mainly in the parietal regions in both the
VCT and OCT; 3 positive waves (P1, P2 and P3) and
one negative wave (N1) were observed. Figures 3A
and 4B illustrate the ERPs shown in Fig. 2 and
potential topography at each peak latency. The traces
of the all channels are superimposed in the figures. In
the OCT (Fig. 3), EEG potentials were high in the left
temporal-occipital junction at the peak latency of the
positive waves (P1, P2, P3) while the EEG potentials
were most negative in the same region at the peak
latency of the negative wave (N1). In the CSD
topography on the scalp, a weak current source was
observed at the left temporal-occipital junction at

peak latency of P1, and strong current sink was

RR stimulation

observed at the left temporal-occipital junction at N1
peak latency. In addition, current sources were
observed at both sides of the parietal regions. At P2
and P3 peak latencies, current source and sink were
observed in the left temporal-occipital junction and
right anterior frontal region. On the other hand, in
the VCT using the same figure (Fig. 4), the same
trend of the ERP potential topography as in the OCT
In the CSD topography (B),
in the
temporal-occipital junction and the parietal region,

was observed (A).
current source and sink were observed

which were similar to those in the OCT. However,
unlike the OCT, current source and sink were not
observed at the frontal region. These results suggest
that current source generators were located in the
bilateral parietal-temporal-occipital junction, and the
right frontal region (especially in the OCT). In the
other 3 figures, essentially similar results to those in
Figs. 3 and 4 were observed.
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Fig. 2. The grand averaged ERPs in RR stimulation.

In both the VCT and OCT tasks, P1, N1, P2 and P3 components were observed. Red lines, viewer-centered task (VCT); blue lines,

object-centered task (OCT).
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Fig. 3. Potential (A) and CSD (B) distribution on the scalp at the peak latencies of P1, N1, P2 and P3 components of the ERPs in the
OCT task.

A: Potential topography of the ERPs shown in Fig. 2. The traces of the all channels are superimposed.
B: CSD topography at each peak latency shown in A.
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Fig. 4. Potential (A) and CSD (B) distribution on the scalp at the peak latencies of P1, N1, P2 and P3 components of the ERPs in the
VCT task.

A: Potential topography of the ERPs shown in Fig. 2. The traces of the all channels are superimposed.
B: CSD topography at each peak latency shown in A.
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2) Analysis of current source density (CSD) using the
sLORETA

Figure 5 shows the results by sLORETA
analysis of the grand averaged ERPs in the OCT
where RR stimulus was presented. At P1 peak latency,
current source density was high in the right superior
parietal lobule, right precuneus (Aa-d) and left middle
temporal gyrus (Ae-h). At N1 peak latency, current
source density was high in the bilateral superior
parietal lobule and left paracentral lobule (Ba-d). At
P2 peak latency, current source density was high in
the right paracentral lobule and right precuneus
(Ca-d). At P3 peak latency, current source density was

A.

(P1:
144msec)

B.

(N21:
174msec)

C.

(P2:
276msec)

D.

(P3:
300msec)

high in the bilateral superior parietal lobule and left
precuneus (Da-d). Figure 6 shows the results by
sLORETA analysis of the grand averaged ERPs in the
VCT where RR stimulation is used. At P1 peak latency,
current source density was high in the bilateral
superior parietal lobule, right paracentral lobule and
right precuneus (A). At N1 peak latency, current
source density was high in the left inferior parietal
lobule, left precuneus, and left cuneus (B). At P2 peak
latency, current source density was high in the left
At P3
peak latency, current source density was high in the

precuneus and left cuneus during the (C).

left middle temporal gyrus (D).

x10° mA/mm2
0.452

0.226

0.000

x10° mA/mm2
5.213

2.606

0.000
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1.325
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x10° mA/mm 2
3.171

1.585

0.000

Fig. 5. sSLORETA analysis of the averaged ERPs in RR stimulation of the OCT.
A-D: Three dimensional distribution of current source density in the brain at the peak latencies of P1 (A), N1 (B), P2 (C) and P3 (D)
components. The brain slices (b, axial; ¢, sagittal; d, frontal sections) are shown at the right side of a three dimensional images of

the brain.
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Fig. 6. sSLORETA analysis of the averaged ERPs in RR stimulation of the VCT.

Other descriptions as for Fig. 5.

Table 1
where current source density of the ERPs was high at

summarizes the brain regions

each peak latency of the ERP waves when each figure
was presented in the OCT and VCT. The results
indicated that current source density was generally
high in the superior parietal lobule, inferior parietal
lobule, precuneus, cuneus, superior temporal gyrus,
and middle and inferior frontal gyri. Especially, in the

parietal association area (superior and inferior
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parietal lobule), current source density increased in
all of the figures presented in both the tasks, and the
right parietal association area was more active than
the left side. Furthermore, comparison between the
OCT and VCT indicated that activity associated with
high current source density was observed in the
superior frontal gyrus and superior temporal gyrus
only in the OCT with RL and LR stimulation.
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Table 1

Brain regions with the high cuirent densily in each ERP peak.

Object-centeredtask : OCT Veiwer-centered task : VCT
Figures Latency(asschFrontal lobs [Partetaliobe fTemporal ntssloccipiial Lobe|Latencyte seclp anstal ohe]Tamporaliatajoceipital Loke
PICID RGPL | LMTO RLSPL
RR RPCL Pigizy |RPCL
RL-SPL ReCun
H1(174) L-PCL Mgy |LPCum LCu
+ C e LAPL
pacrpy [RPCL | RPCun prasy |LPCun L-Cu
PI0300 EL—M 2295} L- TG {peoealy
RL-3PL SPL
RL P1a3n LiPL PLAM | Lo
N1 C198) L-PCun L-Cu LR
LPL Mi(7g | LPCIn L-Cu
+ pacasy |RPSL | RLSL LiPL
RPCun P2{250) RL-SPL LCu
paom |“¥° | Cham e
- RLSPL LCu
P38 | Lpcun
P1C110) N poun PIEHE) |t Lo
LR N1¢162) RSPL RGu REFL
RPCUA Mi (168 | RPCun
C+ || sem e e .
Recun
RIPL P2A3 | qipc
RPL ReCun RCuy
P3(259) RPCu PIQSH | RIPL
RIPL
RPCun RC LafL
P1CI14) RPL Y PICID L-PCum
p— RPCUN RCu LR
RIPL Nigisg | RPCuN RCu
+ P22 R-PCUN RCu FHPL
RIFL p2czzg | LPCun
— L-arL RLIPL
L-PCm RLSPL
RIPL PIQTD | | ocun

SFG, Suparior Frontal Gyms, PCL, Paracanival Lobule, BPL, SWPMLIIII.H IPL, Inferior Pariatal Lobule, Poun, Precunses;

STG, Supenior Temporal Gynes, WTG, Middle Ternporal Gyres, Cu . Cu

DISCUSSION

1) Neural substrates of spatial hemineglect and
current source generators

The EEG potential and CSD topography
indicated activity of the parietal lobe. The sLORETA
analyses also indicated activity in the parietal lobe in
both the VCT and OCT. In addition, sLORETA
analysis, current source density was high in the
superior parietal lobule, inferior parietal lobule,
precuneus, cuneus, superior temporal gyrus, middle
temporal gyrus and superior frontal gyrus. Consistent
with the present results, these regions have been
reported to be responsible for spatial neglect and to
be implicated in spatial attention (Mesulam, 2000;
Fink et al., 2001; Heilman and van dell Abell, 1980;
Shapiro et al., 2002; Young, 1992). Activity in the

right in the parietal association area (superior and
inferior parietal lobule) was more frequently observed
than that in the left hemisphere. Neuropsychological
studies using visuospatial tasks reported that the
bilateral parietal association area is involved in
attention to the right visual field, while the right
parietal association is involved in attention to the left
1980;
These findings
right
which is

visual field (Heilman and van den Abell,
Weintraub and Mesulam, 1987).
suggest predominance of the
spatial
consistent with the present results.

parietal

association in attention, also

2) Neural substrates of the viewer-centered and
object-centered reference frames

Neggers et al. (2006) investigated the brain
viewer-centered  and

regions involved in the
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object-centered reference frames. In that study, a
horizontal line and vertical line that crossed it was
presented to healthy subjects, and the subjects were
required to identify position of the vertical line based
on the viewer-centered and object-centered reference
frames. The fMRI analysis of the subjects showed that
activity of the right superior parietal lobule increased
when the position was identified based on the
viewer-centered reference frame while activity of the
right superior temporal gyrus decreased when the
position was identified based on the object-centered
reference frame. Hillis et al. (2005) investigated brain
circulation of stroke patients using fMRI and reported
that the viewer-centered neglect was associated with
hypoperfusion in the posterior part of the right inferior
frontal gyrus (area 44), inferior parietal lobule
[supramarginal gyrus (area 40), angular gyrus
(area 39)] and the cuneus (area 19),

the object-centered neglect was associated with

while

hypoperfusion in the superior temporal gyrus (area
22) and posterior part of the inferotemporal gyrus
(area 37). These results suggest that the areas
associated with the viewer- and object-centered
and ventral

neglect correspond to the dorsal

pathways for visual information processing (Mishkin
and Ungerleider, 1982; Fink et al., 1997; Hillis et al.,
2005; Neggers et al., 2006). The dorsal pathway is
involved in information processing to identify where
an object is, and the ventral pathway, in information
processing to identify what an object is (Mishkin et al.,
1983).

An involvement of the dorsal and ventral
pathways in spatial neglect has been intensely
debated; i) information of the dorsal and ventral
pathways converges on the inferior parietal lobule
(Young, 1992; Shapiro et al., 2002), and ii) in
identification of an object location based on the
viewer-centered reference frame, objects are
identified in the object-centered reference frame
first, and then spatial identification is performed
based on that information (Foxe et al., 2003).
Neurophysiological studies using monkeys reported
that neurons in the supplementary eye field in the

superior frontal gyrus responded to visual stimuli

18

based on the object-centered reference frame (Olson,
2003). These previous studies indicate that there are
no consistent brain regions involved in the viewer-
and object-centered reference frames. Instead, these
results suggest that the 2 different systems for these 2
reference frames might overlap in the parietal
association area.

In the present study, current source density
was increased in the parietal lobe (superior parietal
right
dominant activity was observed in the both OCT and

lobule and inferior parietal lobule), and
VCT tasks. These results suggest that the right parietal
association area is involved in the both viewer- and
object-centered reference frames, consistent with the
previous suggestion (Young, 1992; Shapiro et al.,
2002). Furthermore, current source density was
increased at the superior frontal and superior
temporal gyri only in the OCT task, consistent with
the previous studies (Hillis et al., 2005; Neggers et al.,
2006). The

anatomical data suggest an involvement of the dorsal

results along with the previous
visual pathways (parietal lobe) in the viewer-centered
reference frame while the both dorsal (parietal lobe)
and ventral (temporal lobe) visual pathways might be
involved in the object-centered reference frame.
These results furthermore suggest that the both visual

pathways might converge on the right parietal lobe.
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