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Abstract—Sixteen control subjects and six right brain-damaged patients with left hemiparesis (three showing signs of left unilateral
neglect, three with no signs of neglect) performed a straight-ahead pointing task with their right hand while blindfolded. The aim
was to test the hypothesis that the egocentric reference shows significant ipsilesional deviation in left neglect patients. We found no
correlation between the position of the egocentric reference and the presence of neglect signs. Neglect patients, like non-neglect
patients, showed leftward, rightward or no significant deviation when pointing straight ahead. Results are discussed with reference
to egocentric hypotheses of neglect and experimental remission of neglect. ¢ 1997 Elsevier Science Ltd
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Introduction

Egocentric body coordinates such as the sagittal midline have
been proposed to act as a reference for ballistic movements
in extracorporeal space [20]. Symmetrical functioning of the
multiple neural structures processing sensory information
would account for the normal sagittal position of the egocentric
reference [20, 40]. According to Jeannerod and co-workers [20,
40], a unilateral brain lesion may produce an imbalance between
the bilateral neural processes building the representation of
space with reference to the body midline, and in this way a
deviation of the egocentric reference. Following this line of
reasoning, some authors [22, 24, 35] have argued that a devi-
ation of this egocentric reference system towards the side of
the brain lesion occurs in spatial hemineglect. In turn, this
ipsilesional deviation would prevent neglect patients from
exploring the opposite side of space and from responding to
stimuli that occur on that side [22, 24].

Left neglect patients who show a rightward deviation of
their egocentric frame of reference have indeed been described.
Heilman et al. [17] first observed an ipsilesional deviation of
straight ahead pointing in neglect patients. They interpreted
this deviation as “hemispatial” hypokinesia, because the
straight ahead pointing task had no perceptual component. The
observation of an ipsilesional deviation of the visual or sagittal
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straight ahead in left neglect patients has been replicated in
several recent studies, and interpreted as a deviation of the
egocentric reference that would be responsible for neglect signs
[10, 22].

This hypothesis was apparently supported by the possibility
of transiently reducing left neglect signs in some experimental
stimulations. Vestibular caloric stimulation [5, 8, 16, 31, 32, 36,
39], neck-proprioceptive vibration [22, 25], optokinetic stimu-
lation [23, 30, 35, 37], electrical stimulation [38], and leftward
trunk rotation 10, 26] can all compensate for ipsilesional devi-
ation. Karnath [23] interpreted the effect of these manoeuvres
as a central “correction” of the defective spatial frame.
However, an alternative explanation is that left sensory stimu-
lation, especially when accompanied by leftward eye move-
ments, may induce a leftward orienting of attention, thus
reducing rightward spatial bias in neglect [13]. If so, stimu-
lations could temporarily compensate for neglect signs, leaving
the underlying disorder unchanged [4]. In this view, the devi-
ation of the egocentric reference can be considered as a conse-
quence of rightward attentional bias in neglect, and not as its
cause.

The two above-mentioned hypotheses on the functional sig-
nificance of ipsilesional deviation in neglect patients generate
opposite predictions concerning the relationship between devi-
ation and neglect signs: If the ipsilesional deviation is the crucial
mechanism leading to neglect, it should co-exist with neglect
signs in all instances. If, on the contrary, the deviation is a
consequence of neglect, it might dissociate from other neglect
signs, just as different neglect signs can dissociate from each
other (see, e.g., Ref. [27]). In this case, the observed dissociation
would clearly undermine the view of neglect signs as a direct
consequence of an egocentric deviation (see, e.g., Ref. [34]).
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We present evidence that ipsilesional deviation is not an
obligatory component of left neglect, and that a significant
deviation of the egocentric reference can be present in brain-
damaged patients apparently exempt of neglect.

Method
Subjects

Control subjects. Eight normal dextrals (four men aged
between 23.7 and 35.1 years, mean: 30.4 years, four women aged
between 22.6 and 36.2 years, mean: 31.5 years). Handedness was
determined using the Dellatolas’ questionnaire [12].

Patients. Six right brain-damaged (RBD) patients with left
hemiparesis participated in the study. All were engaged in a
motor rehabilitation program in the Rehabilitation Unit of the
Saint-Maurice National Hospital. Clinical and demographic
data are reported in Table 1.

Spatial hemineglect was evaluated using a battery of visuo-
spatial tests, which included an overlapping figures test [14],
a line cancellation task [1], a line bisection task [11], a letter
cancellation task [28], the copy of a landscape drawing com-
posed of five horizontally arranged items [15]. The first three
tests were used to obtain a quantitative measure of spatial bias,
following the method established by Bartolomeo er al. [3]. A
laterality score was obtained with the following formula:

A=1In (Xg/X1)
Positive / scores indicate a rightward spatial bias (thus pro-
viding a quantitative estimate of left visuospatial neglect), while

negative values indicate a leftward spatial bias.
Values of Xg were computed by adding the following:

1. The number of items identified on the right side of the over-

lapping figures test (max =10).

The number of lines crossed on the right half of the page of

the line cancellation test (max = 30).

3. The sum of the number of segments to the left of each
subject’s bisections (max =42) in the line bisection task, in
which the eight lines were divided into 20 mm segments.

]

Values of X, were computed in analogous fashion, i.e. by adding
the items of the left-sided identified superimposed figure to
the number of left-sided cancelled lines and to the number of
segments to the right of line bisection.

Procedure

Pointing straight ahead (PSA)

The subject was seated blindfolded in front of a graduated
table, trunk and head aligned at 0°, the sagittal middle cor-

responding to the objective centre of the table. Trunk and head
positions were carefully monitored throughout the experiment.

The task was to point straight ahead with the right (non-
hemiplegic) hand. There were 16 trials, four with each of the
four starting positions: 30° or 15° left (—30°, —15°) or right
(+30°, +15°) of the objective centre of the table. Before each
trial, the subject’s arm was positioned at one of these starting
points, from which he or she had to point straight ahead, mov-
ing the arm along the table, the index fingertip being always in
contact with the table (see Ref. [10]). There was no time limit
and the answer was recorded when the subject estimated that
his index was pointing ““straight™ ahead. The pointing error was
measured to within half a degree, by determining the distance
between the pointing position and the objective centre, and
carried a minus sign for leftwards pointings and a plus sign for
rightwards pointings.

Control subjects’ pointing straight ahead (PSA) performance
was compared to the objective mid-sagittal plane with a two-
tailed ¢-test, while brain-damaged subjects’ performance was
compared both with a two-tailed #-test to the objective mid-
sagittal plane and to control subjects’ performance.

Results

Control subjects

The mean deviation when pointing straight ahead with the
right hand was toward the right and differed significantly from
the objective sagittal middle (mean=+1.51°, S.D.=0.48,
t,s=12.58, P<0.05; see Table 2), thus confirming previous
results [10] (Fig. 1).

Regarding the effect of the starting point, the more leftward
the starting point, the less the subject’s pointing deviated to the
right. Conversely, the more rightward the starting point, the
more rightward the deviation (see Fig. 3), again confirming
previous results [10]. The difference between starting at 15° to
the left and 30° to the right was statistically significant (t; =4.39,
P <0.05), as was the difference between starting 15° and 30° to
the right (1;=3.45, P <0.05).

Right-brain-damaged patients

Brain-damaged patients were classified as showing signs of
left neglect when their 1 score exceeded the cut-off based upon
control subjects’ performance in visuo-spatial tests (4 score
cut-off = +0.10; for more details see Ref. [3]). Following this
procedure, patients no. i, no. 2 and no. 3 were judged as pre-
senting left neglect signs, while patients no. 4, no. 5 and no. 6
performed similarly to controls in the visuo-spatial battery.
Table 2 summarizes the results for the RBD patients.

Table 1. Demographic and clinical data of right-brain-damaged patients

Sex, age, Onset of illness
Patient years of schooling  Handedness (days) Etiology Locus of lesion
1 F, 53,7 Right 76 Ischemic Frontal-parietal
2 M, 65, 12 Right 52 Hemorrhagic  Frontal-parietal
3 M, 77, 12 Right 30 Ischemic Frontal-parietal
4 M, 70, 8 Right >1588 Neoplastic* Frontal-parietal
S M, 53,18 Right 39 Ischemic Internal capsule, basal ganglia
6 F, 68, 10 Right 72 Ischemic Subcortical white matter, old left occipital

infarctus

*Glial tumour of mixed type (oligodendroglioma-astrocytoma) surgically removed in March 1991.
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Table 2. Control subjects and brain-damaged patients: 4 score, pointing straight ahead
(PSA) in degrees, standard deviation, two-tailed r-test compared to the objective middle
and to the controls’ performance ’

A score

t/control subjects

Subject (cut-off=0.10) PSA (in d°) S.D. /0 (d.f.=15) (d.f.=15)
controls - +1.51 0.48 12.58* -
case 1 +0.38% 3.80 2.83 2.89* 3.32%
case 2 +0.537 —11.93 4.32 4.49% 9.56*
case 3 +0.15% +522 11.62 1.79 1.26
case 4 —0.03 -0.38 12.43 0.12 0.60
case 5 0.0 —31.93 8.28 15.42* 14.45*
case 6 0.04 +30.15 13.30 9.06* 8.60*

(—, leftward deviation; +, rightward deviation).
*indicate a significant two-tailed t-test at P=0.05.

TLeft neglect patients.
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Fig. 1. Mean pointing straight ahead deviation (in degrees) of
control subjects, RBDN™ patients and RBDN ™ patients.

RBD patients with left neglect signs (RBDN*)

Patient no. 1 had no visual field defect on confrontation
test. She showed left visual extinctions on double simultaneous
stimulations. She obtained a A score indicative of left neglect
(+0.38). On the letter cancellation test, she cancelled 23/30 As
on the right side of the sheet and 1/30 on the left side. She
copied all the items of the drawing, but beginning from the
right half of the sheet, without filling the leftmost quarter of it.

When pointing straight ahead, she significantly deviated to
the right (mean = +3.8°, 1,5=4.49, P<0.05) (Fig. 1). This devi-
ation differed significantly-from the control subjects’ per-
formance (#,5=3.18; P<0.05). The starting point influenced
pointing performance: the more rightward the starting point,
the more rightward the subjective middle (see Fig. 2). The

Deviation (d°)
40—

30{- w1l
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20l gp (d*)
=30
a0l

Fig. 2. Effect of the starting point on pointing straight ahead in
RBDN™ patients.

difference between starting 30 to the left versus 30° to the right
was statistically significant (¢,=3.73, P<0.05).

Patient no. 2 had no visual field defect on confrontation
test. He extinguished left visual stimuli on double simultaneous
stimulations. Visuospatial testing disclosed severe left neglect
(7 score=+0.53; 9/30 As cancelled in the rightmost part of the
sheet to its centre). Nevertheless, he pointed straight ahead
with a massive leftward deviation (mean= —11.9°, ¢,5=11.01;
P <0.05), that differed significantly from control subjects’ per-
formance, (¢,5=9.56; P <0.05). Pointing performance was again
dependent upon the starting point: the more rightward the
starting point, the less leftward the subjective middle (see Fig.
2). The difference between starting 30° to the left versus 30° to
the right was statistically significant (+;=6.35, P <0.05), as was
the difference between starting 30° to the left versus 15° to the
right (1;=3.82, P<0.05).

Patient no. 3 had no visual field defect on confrontation test.
He showed left extinctions on double visual stimulation, and left
neglect signs on the visuospatial battery (A= +0.15; 24/30 As
cancelied on the right side, 12/30 on the left side; all the items
of the drawing were copied, but beginning from the centre and
proceeding toward the right side). His pointing straight ahead
did not differ significantly from the objective straight ahead
(mean= +5.22°, £,5=1.79; n.s.), or from the control subjects’
performance (f,5=1.26; n.s.). The starting point also had an
effect on the position of the subjective straight ahead, but in the
opposite direction to the other subjects; starting from the right
induced a more leftward deviation than starting from the left.
Starting 15° to the left differed significantly from starting 15°
to the right (1,=3.62 P<0.05) (see Fig. 2).

RBD patients exempt of neglect signs ( RBDN™)

Patient no. 4 had no visual field defect or visual extinctions
on confrontation test. He showed no neglect signs on the visuo-
spatial battery (A= —0.03), and pointed straight ahead with no
significant deviation relative to the objective midsagittal point
(mean= —0.38°, 1,5=0.12; P>0.05), or to the control subjects’
performance, (¢,5=0.60; P<0.05). Even if the most rightward
deviation occurred with the most rightward starting position
(mean= + 11°), there was no significant difference between the
different starting points (see Fig. 3).

Patient no. S made no omissions on either single or double
visual stimulation. He showed no neglect signs in visuospatial
tasks (21=0.00; a single left omission in the letter cancellation
test, correct copy of the drawing). However, his pointing
straight ahead deviated significantly to the left (mean=
—31.93°, £,5=15.42; P<0.05) and differed significantly from
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Fig. 3. Effect of the starting point on pointing straight ahead in
control subjects and RBDN ™ patients.

the control subjects’ performance, (7,;=8.28; P<0.05). There
was no effect of the starting point on the deviation (Fig. 3).

Patient no. 6 showed sequelae of right hemianopia due to an
old left occipital infarctus. She perceived right-sided stimuli at a
distance of about 10° from the fovea, and under these conditions
showed no visual extinctions on double simultaneous stimu-
lations. She had no neglect signs in visuospatial tests (~ = +0.04;
no omissions on the letter cancellation test and on the copy of
the drawing). When pointing straight ahead, she exhibited a
significant rightward deviation (mean= +30.15°, 1,;=15.42;
P <0.05), that also differed significantly from the control sub-
jects” performance (f,5=13.30; P<0.05). Again, the starting
point had no influence on the deviation (Fig. 3).

In summary, the control subjects deviated significantly to the
right when pointing straight ahead with their right hand, in
agreement with previous results [10]. Among the three RBD
patients who showed left neglect signs (patients 1-3), one sig-
nificantly deviated to the right (patient no. 1), one to the left
(patient no. 2), and one not at all (patient no. 3). Among the
three RBD patients without signs of neglect (patients 4-6), one
significantly deviated to the right (patient no. 6), one to the left
(patient no. 5), and one not at all (patient no. 4). On the whole,
A scores of RBD patients did not correlate with the position of
the subjective straight ahead (r = —0.08, n.s.). Only the control
subjects and RBDN™ patients exhibited significant differences
between the different starting points. Except for patient no. 3
(who showed no significant bias), the effect of the starting point
on the subjective straight ahead was always in the same direc-
tion: the further the starting point to the left, the greater the
leftward deviation, and vice versa for rightward starting points.
There was no significant influence of the different starting points
among RBDN™ patients.

Discussion

Control subjects” performance confirmed previous results
showing that the position of the subjective straight ahead devi-
ates significantly towards the side of the hand used [10]. Our
main finding is that right-brain damaged patients with left neg-
lect can exhibit a leftward bias in pointing straight ahead, but
also a rightward deviation or no deviation at all. In the same
way, right brain-damaged patients exempt of neglect signs did
not differ from neglect patients when pointing straight ahead,
insofar they also had leftward, rightward or no significant bias.
Interestingly, no correlation was found between the presence or
absence of a bias in pointing straight ahead and the 2 score;
nor between the side of the bias and the 4 score. In the same
way, the presence of a right parietal lesion did not necessarily

Note

induce an ipsilesional deviation of the subjective straight ahead
(see case nos 1 and 2).

As reviewed in the Introduction, temporary remission of left
neglect signs can occur after caloric vestibular, optokinetic, or
electrical stimulation, neck muscle vibration, and trunk
rotation. As the above stimulations are known to affect the
position of the egocentric reference, some authors defended the
idea that neglect behaviour might result from a disturbance of
the egocentric frame of reference (in the form of an ipsilesional
deviation of the egocentric axis). From this point of view, a
remission of neglect signs during the different experimental
stimulations would be obtained by re-establishing a normal
position of the egocentric reference.

However, Bisiach ef a/. [4] proposed a different interpretation
of the effects of stimulations, that “may indeed depend on a
temporary suppression or mitigation of a symptom, leaving
the underlying (distorded) spatial representation unchanged (p.
852)”. On the other hand, Gainotti [13] suggested that the
improvement in neglect symptoms observed after vestibular
or optokinetic stimulation was due to an increase in selective
attention to the contralesional parts of body and space. Thus,
it is not necessary to postulate the existence in neglect of a
systematic and consistent ipsilesional deviation of the ego-
centric frame of reference that is corrected by stimulation.

As previous studies have shown, the position of the egocentric
reference may be displaced with no sign of spatial disor-
ganization. This has been observed in patients with acute uni-
lateral peripheral vestibular disorders [19], patients with optic
ataxia [29] and in normal subjects following prolonged exposure
to prismatic displacement of the visual scene [18]. However, no
neglect signs were observed in any of these stimulations.

The finding that two of our RBDN™ patients with hemi-
paresis show a consistent deviation of their straight-ahead
pointing may suggest that not only a primary sensory deficit,
as in the above-cited studies, but also a primary motor deficit
might affect the position of the egocentric reference. Asym-
metries in space processing have been described in normal sub-
jects [6, 7,9, 33] but, as Karnath [24] and Perenin [29] pointed
out, while stimulations improve neglect of controlateral stimuli
in brain-damaged patients, stimulation of normal subjects or
egocentric deviation in brain-damaged patients does not necess-
arily induce neglect signs.

In conclusion, the present results and several other exper-
imental findings suggest that an interpretation of neglect based
only on deviation of the egocentric reference is premature, as
perhaps is any hypothesis aiming to reduce the complexity of
neglect phenomena to a single causal mechanism or to a single
deficit. There is indeed evidence that neglect behaviour may
result from an interaction among several deficits [14, 21] and
compensatory mechanisms [2]. Future research should aim at
defining the relationship between these components and ego-
centric deviation in neglect.

Acknowledgements—Supported by grants from the Région
Rhéne-Alpes (contrat ARRASH) to the first author and the
European Union to the second author. Thanks are due to Dr
P. Bakouche, Dr C. Loeper-Jény. and to administration and
staff of Hopital National, 14 rue Val d’Osne, F-94410 Saint
Maurice, France. We are grateful to Prof. E. Bisiach for helpful
discussion.

References

1. Albert, M. L., A simple test of visual neglect. Neu-
rology, 1973, 23, 658—664.



10.

1.

12.

15.

. Bisiach, E., Rusconi,

. Geminiani,

. Bartolomeo, P., The novelty effcct in recovered hem-

ineglect. Cortex 33, 1997 (in press).

. Bartolomeo, P., D’Erme, P. and Gainotti, G., The

relationship  between  visuospatial and rep-
resentational neglect. Neurology, 1994, 44, 1710~
1714.

Bisiach, E., Pizzamiglio, L., Nico, D. and Antonucci,
G., Beyond unilateral neglect. Brain, 1996, 119, 851
857.

M. L. and Vallar, G.,
Remission of somatoparaphrenic delusion through
vestibular stimulation. Neuropsychologia, 1991, 29,
1029-1031.

. Bowers, D., Heilman, K. M., Pseudoneglect: Effects

of hemispace on a tactile line bisection task. Neuro-
psychologia, 1980, 29, 1029-1031.

. Bradshaw, J. L., Nettleton, N. C., Pierson, J. M.,

Wilson, L. E. and Nathan, G., Coordinates of extra-
corporeal space. In Neuropsysiological and Neuro-
psychological Aspects of Spatial Neglect, ed. M.
Jeannerod, Elsevier Science Publishers, Amsterdam,
1987, pp. 41-67.

. Cappa, S. F., Sterzi, R., Vallar, G. and Bisiach, E.,

Remission of hemineglect and anosognosia during
vestibular stimulation. Neuropsychologia, 1987, 25,
775-782.

. Chokron, 8. and Imbert, M., Egocentric reference

and asymmetric perception of space. Neuro-
psychologia, 1993, 31, 775-782.

Chokron, S. and Imbert, M., Variations of the ego-
centric reference among normal subjects and a pati-
ent with unilateral neglect. Neuropsychologia, 1995,
33, 703-711.

D’Erme, P., De Bonis, C. and Gainotti, G., Influenza
dell’emi-inattenzione e dell’emianopsia sui compiti
di bisezione di linee nei pazienti cerebrolesi. Archivio
di Psicologia, Neurologia ¢ Psichiatria, 1987, 48, 165—
189.

Dellatolas, G., De Agostini, M., Jallon, P., Poncet,
M., Rey, M. and Lellouch, J., Mesure de la préf-
érence manuelle par autoquestionnaire dans la popu-
lation francaise adulte. Revue de Psychologie
Appliquée, 1988, 38, 117-136.

. Gainotti, G., The role of spontaneous eye movements

in orienting attention and in unilateral neglect. In
Unilateral Neglect: Clinical and Experimental
Studies, ed. 1. H. Robertson and J. C. Marshall,
Lawrence Erlbaum Associates, Hove, U.K., 1993,
pp. 107-122.

. Gainotti, G., D’Erme, P. and Bartolomeo, P., Early

orientation of attention toward the half space ipsi-
lateral to the lesion in patients with unilateral brain
damage. Journal of Neurology, Neurosurgery and
Psychiatry, 1991, 54, 1082-1089.

Gainotti, G., D’Erme, P., Monteleone, D., Silveri,
M. C., Mechanisms of unilateral spatial neglect in
relation to laterality of cerebral lesions. Brain, 1986,
109, 599-612.

G. and Bottini, G., Mental rep-
resentation and temporary recovery from unilateral
neglect after vestibular stimulation [letter]. Journal
of Neurology, Neurosurgery and Psychiatry, 1992, 55,
332-333.

Note

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

30.

1507

Heilman, K. M., Bowers, D., Watson, R. T., Per-
formance on hemispatial pointing task by patients
with neglect syndrome. Neurology, 1983, 33, 663—
664,

Held, R. and Bossom, J., Neonatal deprivation and
adult rearrangement: Complementary techniques
for analysing plastic sensorimotor coordinations.
Journal of Comparative Physiology and Psychology,
1961, 54, 33-37.

Hérnstein, G., Constant error of visual egocentric
orientation in patients with acute vestibular disorder.
Brain, 1979, 102, 685-700.

Jeannerod, M. and Biguer, B.. The directional coding
of reaching movements. A visuomotor conception of
visuospatial neglect. In Neurophysiological and Neuro-
psychological Aspects of Spatial Neglect, ed. M.
Jeannerod, Elsevier Science Publishers, Amsterdam,
1987, pp. 87-113.

Karnath, H.-O., Deficits of attention in acute and
recovered hemi-neglect. Neuropsychologia, 1988, 20,
27-45.

Karnath, H.-O., Subjective body orientation in neg-
lect and the interactive contribution of neck muscle
proprioception and vestibular stimulation. Brain,
1994, 117, 1001-1012.

Karnath, H.-O., Optokinetic stimulation influences
the disturbed perception of body orientation in spa-
tial neglect. Journal of Clinical and Experimental
Neuropsychology, 1996, 60, 217-220.

Karnath, H.-O., Neural encoding of space in ego-
centric coordinates? Evidence for and limits of a
hypothesis derived from patients with parietal lesions
and neglect. In Parietal Lobe Contributions to Orien-
tation in 3D Space, ed. P. Thier and H.-O. Karnath.
Springer-Verlag, Heidelberg, 1997.

Karnath, H.-O., Christ, K. and Hartje, W. Decrease
of contralateral neglect by neck muscle vibration and
spatial orientation of trunk midline. Brain, 1993, 116,
383-396.

Karnath, H.-O., Schenkel, P. and Fischer, B., Trunk
orientation as the determining factor of the con-
tralateral deficit in the neglect syndrome and as the
physical anchor of the internal representation of
body orientation in space. Brain, 1991, 114, 1997-
2014,

McGlinchey-Berroth, R., Bullis, D., Milberg, W.,
Verfaellie, M., Alexander, M. and D’Esposito, M.,
Assessment of neglect reveals dissociable behavioral
but not neuroanatomical subtypes. Journal of the
International Neuropsychological Society, 1996, 2,
441-451.

Mesulam, M. M., Attention, confusional states and
neglect. In Principles of Behavioral Neurology, ed. M.
M. Mesulam, F.A. Davis, Philadelphia, PA, 1985,
pp. 125-168.

. Perenin, M. T., Optic ataxia and unilateral neglect:

Clinical evidence for dissociable spatial functions in
posterior parietal cortex. In Parietal Lobe Con-
tributions to Orientation in 3D Space, ed. P. Thier
and H. O. Karnath, Springer—Verlag, Heidelberg,
1997, pp. 289-308.

Pizzamiglio, L., Frasca, R., Guariglia, C., Incoccia,
C. and Antonucci, G., Effect of optokinetic stimu-



1508

31.

32.

33.

34.

3s.

36.

lation in patients with visual neglect. Correx, 1990,
26, 535-340.

Rode, G., Charles, N., Perenin, M. T., Vighetto, A.,
Trillet, M. and Aymard, G., Partial remission of
hemiplegia and somatoparaphrenia through ves-
tibular stimulation in a case of unilateral neglect.
Cortex, 1992, 28, 203-208.

Rubens, A. B., Caloric stimulation and unilateral
visual neglect. Neurology, 1985, 35, 1019-1024.
Sampaio, E. and Chokron, S., Pseudoneglect and
reversed pseudoncglect among left-handers and
right-handers. Neuropsychologia, 1992, 30, 797-805.
Shallice, T., From Neuropsychology to Mental Struc-
ture. Cambridge University Press, New York, 1988.
Vallar, G., Antonucci, G., Guariglia, C. and
Pizzamiglio, L., Deficits of position sense, unilateral
neglect and optokinetic stimulation. Neuro-
psychologia, 1993, 31, 1191-1200.

Vallar, G., Bottini, G., Rusconi, M. L. and Sterz,

37.

38.

39.

40.

R., Exploring somatosensory neglect by vestibular
stimulation. Brain, 1993, 116, 71-86.

Vallar, G., Guariglia, C., Magnotti, L. and Pizza-
miglio, L., Optokinetic stimulation affects both ver-
tical and horizontal deficits of position sense in
unilateral neglect. Cortex, 19935, 31, 669-683.
Vallar, G., Rusconi, M. L., Barozzi, S., Bernardini,
B., Ovadia, D., Papagno, C. and Cesarini, A,
Improvement of left visuo-spatial hemineglect by
left-sided transcutaneous electrical stimulation.
Neuropsychologia, 1995, 33, 73-82.

Vallar, G., Sterzi, R., Bottini, G., Rusconi, M. L.,
Temporary remission of left hemianesthesia after
vestibular stimulation. A sensory neglect phenom-
enon. Cortex, 1990, 26, 123-131.

Ventre, J., Flandrin, J. M. and Jeannerod, M., In
search for the egocentric reference. A neuro-
psychological hypothesis. Neuropsychologia, 1984,
22, 797-806.



