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SHORT REPORT

Optokinetic stimulation influences the disturbed
perception of body orientation in spatial neglect

Hans-Otto Karnath

Abstract
The effect of optokinetic stimulation on
the disturbed perception of body orienta-
tion in three patients with right brain
damage and spatial neglect was exam-
ined. The patients were asked to direct a
laser point to the position which they felt
lay exactly "straight ahead" of their bod-
ies' orientation. Without stimulation they
localised the body's sagittal midplane
markedly to the right of the objective ori-
entation. The patients' horizontal dis-
placement of the sagittal midplane was
reduced by a movement of the surround
to the left and worsened by a movement to
the right. The findings are consistent with
those found in patients with spatial
neglect using vestibular and neck propri-
oceptive stimulation. They show that
visual input, together with vestibular and
neck proprioceptive input, is used for
computing a central representation of
egocentric space. In spatial neglect this
coordinate transformation works with a
systematic error and deviation of the spa-
tial reference frame to the ipsilesional
side. The positive effect of optokinetic
stimulation in patients with spatial
neglect is interpreted with a "correction"
of the neural coordinate transformation
process by producing asymmetric input
at the sensory organs of the contributing
channels.
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Heilman et al I reported that five patients with
right hemispheric lesions and left sided neglect
showed a deviation to the ipsilateral half of
space when they were requested to point to an

imaginary spot in space perpendicular to the
midline of the chest with their eyes closed.
Performing a similar task, patients with
neglect did not benefit from seeing the orien-
tation of their bodies.2 The pointing errors

toward the ipsilesional side of a horizontal slit
positioned at the centre of a board were the
same as when their bodies were shielded from
view. The findings show a disturbed percep-

tion of body orientation in patients with
neglect-namely, a disparity of subjective and
objective body orientation.

This horizontal displacement of sagittal
midplane to the right-that is, the disturbed
perception of "straight ahead" body orienta-
tion, could be compensated for either by neck
muscle vibration or by caloric vestibular stimu-
lation on the left side.3 Stimulation on the
right side led to a transient worsening of the
disturbed perception of body orientation. The
results suggest that the afferent information
from these different input channels contribute
to the computation of egocentric spatial coor-
dinates used to determine body position in
space. A disturbance of this transformation
process seems to lead to the characteristic
symptomatology of spatial neglect-that is, the
deficient exploration of and response to stim-
uli located in the contralesional part of space.

In normal subjects Brecher et a14 found that
visual input, as a further source, contributes to
the central representation of egocentric space.
The authors asked their subjects to walk back-
ward and forward in a straight line inside an
optokinetic drum rotating slowly in a horizontal
direction. The subjects consistently deviated
from a straight path toward the direction of
the drum motion without being aware of it.
When the subjects were asked to set a lumi-
nous line to apparent "straight ahead", during
rotation of the drum the authors found a devi-
ation of the judgements towards the direction
of drum motion.
With the above explanation of spatial

neglect, the findings of Brecher et a14 predict a
positive effect of optokinetic stimulation on
the patients' disturbed perception of body
position in space. The present experiment
tests this prediction.

Materials and methods
PATIENTS
Three patients with neglect were examined.
The table gives the demographic and clinical
data. Brain lesions were documented by CT or
MRI. Neuropsychological examination includ-
ing confrontation testing, copying, line bisec-
tion, cancellation, and picture comparison
showed a pronounced left sided spatial neglect
in each of the patients. Goldmann perimetry
showed normal binocular visual fields.
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Demographic and clinical data of the patients with neglect (Nl-3) and the brain damaged
controls (C1-6)

Time since
Location of lesionl Paresis first clitical

Patienit Agelsex Aetiology (side) (side) symptoms (days)

Ni 70/M OP grade R parietal L moderate ca 290
IV glioma

N2 59/F Grade III R thalamus with L moderate ca 510
glioma temporoparietal

edema
N3 44/F Infarct R parietal L severe 125
C 1 60/F Haemorrhage L basal ganglia R moderate 14
C2 33/M Infarct R temporal 6
C3 45/M OP grade R temporal L moderate 54

IV glioma
C4 55/M Infarct L frontotemporal R moderate 9
C5 68/M Lymphoma R frontal ca 252
C6 58/F Infarct L frontal 12

OP = Operation.

Six patients with unilateral left or unilateral
right brain damage served as controls. The
table gives the demographic and clinical data.
None of these patients showed any symptoms
of neglect in everyday behaviour on the ward
and in neuropsychological examination. As an
additional control group, 10 neurological
patients aged from 35 to 66 years (median =
52 years) without brain damage were exam-
ined.

APPARATUS AND PROCEDURE
Patients were seated in an opaque, light bulb
shaped cabin with the head in the centre of the
upper spherical part of the bulb (diameter 190
cm). They sat upright in a chair which was
located in the centre of the cabin. The experi-
menter stabilised the patient's head by grasp-
ing it. A red laser spot (0.50 of visual angle)
was reflected on to the inner surface of the
cabin by a mirror galvanometer system situ-
ated directly above the patient's head. The
laser point was directed by the experimenter
according to the instructions (up/down/
left/right) given by the patients. It moved

Figure 1 Subjective
"straight ahead"
judgements (horizontal
plane) in the three test
conditions performed by the
three patients with neglect;
(diamonds = N1; triangles
= N2; squares = N3); no
OKS = no optokinetic
stimulation; leftward OKS
= leftward optckinetic
stimulation; rightward
OKS = rightward
optokinetic stimulation.
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velocity of 1 0/s. More details were reported in a
previous study that used the same apparatus.3
The objective position of the body's spatial

orientation was defined by laser position 00/00,
which was aligned with the centre of the chair
and the subject's body midline in the horizontal
plane and the individual eye level of the
patient in the sagittal plane. The testing proce-
dure started with the laser spot being pseudo-
randomly presented in one of four eccentric
positions (+ 10°/ + 100, - 100/ - 100, + 100/
- 100, - 100/ + 100). (Directions were defined
with respect to objective body position and
named in the conventional way: up and right
as positive, down and left as negative.) The
patient then had to direct the laser to the posi-
tion which was felt to lie exactly "straight
ahead" of the body's orientation. No time
limit was used. No feedback was provided on
accuracy.

Optokinetic stimulation was evoked by a
constant linear moving pattern of randomly
distributed white dots of different sizes (ca
20-60 of visual angle). The pattern covered the
whole inner surface of the cabin by using a
rotating perforated sphere covering a white
light situated above the patient's head.
The influence of optokinetic stimulation on

the "straight ahead" judgements was investi-
gated in the following order of test conditions:
(a) No optokinetic stimulation (fixed position
of the dot pattern); (b) pattern movement to
the left (around the earth vertical axis); (c) pat-
tern movement to the right. The angular
velocity of the movement was 300/s in both
directions.

For statistical analysis a repeated analysis of
variance (ANOVA) was carried out which
analysed the effect of "test condition" as a
within subject fixed effect.

as with a Results
With the dot pattern fixed, the subjective
"straight ahead" judgements of the three
patients with neglect differed considerably in
the horizontal plane from the objective body
position and was displaced to the ipsilesional

No right side (fig 1). By contrast, subjective body
OKS orientation of the two control groups were

closely scattered around the objective body
position (fig 2).

During optokinetic stimulation all patients
perceived self motion. The direction of appar-
ent motion was to the right with leftward
movement of the dot pattern and to the left

OeKftSward with rightward movement. Figures 1 and 2
show the judgements of the subjective
"straight ahead" body orientation for the three
patients with neglect and the two control
groups in the horizontal plane. With leftward
movement of the surround the patients with
neglect showed a decrease of their displaced

Rightward judgement of body orientation whereas right-
OKS ward movement further increased it. In the

control groups, optokinetic stimulation led to
a horizontal displacement of the subjective
body orientation to the left with moving the
dot pattern to the left and to the right with a
movement to the right.
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Figure 2 Subjective
"straight ahead"
judgements (horizontal
plane) in the three test
conditions performed by the
two control groups; filled
circles = brain damaged
patients; open circles =
non-brain damaged
patients; judgements of
each patient (left) and
respective mean values
(right); no OKS = no
optokinetic stimulation;
leftward OKS = leftward
optokinetic stimulation;
rightward OKS =
rightward optokinetic
stimulation.
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Statistical analysis of "straight ahead"
judgements in the horizontal plane showed
significant main effects for both factors
(F(2,16) = 16-13, P < O.OOO/F(2,32) = 23'80,
P < 0000). Post hoc comparison of the group
factor using a corrected a level5 showed a sig-
nificant deviation of the horizontal "straight
ahead" position to the right for the patients
with neglect compared with both control
groups (t = 5-82, P = 0-017/t = 4 40, P =
0 005). Post hoc comparisons of factor "test
condition" showed significant differences
between each of the test conditions (paired
samples t test: t,12 = 6-03, P < 0000/tl,3 =
- 3 50, P = 0003/4,23 = - 5 59, P < 0 000).

In the sagittal plane, the "straight ahead"
judgements of the brain damaged patients
(those with and those without neglect) were
comparable with those of the non-brain dam-
aged group and closely scattered around the
objective eye level in each of the three test con-
ditions.

Discussion
Two recent studies reported an influence of
optokinetic stimulation on deficient task per-
formance in patients with neglect. Pizzamiglio
et al6 asked non-brain damaged subjects and
patients with right brain damage, with and
without neglect, to bisect lines either in the
presence of a stationary or a moving back-
ground. Under the moving condition a dis-
placement of the subjective midpoint in the
direction of the movement was seen in all
three groups. In the group of patients with
neglect, optokinetic stimulation with leftward
movement of the background could reduce the
displacements of bisection marks, whereas
optokinetic stimulation to the right markedly
increased the displacement.

Vallar et al 7 found positive effects with

optokinetic stimulation on the deficient sense
of forearm position in patients with right brain
damage and neglect. The forearm (not visible
for the subject) was moved by the examiner to
one of four different locations in the horizontal
plane. The patients had to determine the
selected forearm position. Compared with
patients with right or left brain damage with-
out neglect and normal controls, position
judgements of the patients with neglect were
more severely impaired with both the con-
tralateral and the ipsilateral arm. Optokinetic
stimulation with a leftward movement
improved the deficit in forearm position sense,
whereas stimulation with a rightward move-
ment produced a worsening of the patients'
performance.
The authors of both studies hypothesised

that an ipsilateral displacement of the egocen-
tric representation of the body may explain the
observed effects of optokinetic stimulation.
The present findings are in favour of this
assumption, although further studies have to
clarify possible interactive effects of different
processing mechanisms induced by visual
motion in patients with neglect.8 In agreement
with previous findings,'-39 our patients with
neglect showed a pronounced deviation of
subjective body orientation toward the ipsile-
sional right. Optokinetic stimulation with a
horizontally moving surround towards the
contralesional side positively influenced their
disturbed perception of body orientation,
whereas a movement to the right worsened the
displacement of subjective straight ahead posi-
tion.
The results support the hypothesis that the

mechanism leading to spatial neglect-that is,
the patients' deficient exploration and
response to stimuli in the contralesional part
of space-is due to a disturbed transformation
of input coordinates from the peripheral sen-
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sory organs into an egocentric coordinate
frame of reference.3 In patients with neglect
this coordinate transformation works with a
systematic error and deviation of the spatial
reference frame to the ipsilesional side leading
to a corresponding displacement of subjective
localisation of body orientation.
The present data, together with those previ-

ously reported,3 suggest that the afferent infor-
mation of visual input, together with vestibular
and neck proprioceptive input, is used for
computing a unitary central representation of
egocentric space. Interaction of the contribut-
ing input channels is used for object motion
detection and dynamic spatial orientation.""'
Furthermore, the egocentric representation
allows us to correctly determine our body
position in space'2 and serves as a matrix for
visuomotor coordination and exploration of
space. 1

Similar to the compensation of spatial
neglect by neck muscle vibration and by
caloric vestibular stimulation, the positive
effect of optokinetic stimulation in patients
with neglect is interpreted with a central "cor-
rection" of the neural coordinate transforma-
tion process by producing asymmetric input at
the sensory organs of the contributing chan-
nels (here by applying a large field optokinetic
stimulus causing visual to vestibular conver-
gence already at the level of the brainstem). It is
the asymmetric stimulation of these input
channels that induces apparent self motion
and the feeling of a displacement of body ori-
entation in space.

Thus, in normal subjects the same stimula-
tion should lead to a transient disparity of sub-
jective and objective body orientation. In fact
this was found with optokinetic,4 vestibular,"1
and neck proprioceptive stimulation.'2
Further, a displaced localisation of the body's
orientation should result when the asymmetric
input is induced by a disturbed primary per-
ception of stimuli via these information chan-
nels. Indeed, this was found-for example, in
patients with acute unilateral peripheral
vestibular disorder, " in patients with hemi-

anopia,'6 and in normal subjects after a pro-
longed exposure to prismatic displacement of
the visual scene.'-
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