Parietal control of hand action
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Recent advances suggest that neurons of the anterior intraparietal area play a

critical role in the visual guidance of hand action. The parietal cortex appears

to process in-coming binocular visual signals of the three-dimensional features

of objects and matches these signals with the motor signals, which come from

the ventral premotor cortex, that will be required for hand manipulation of the
object.
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Introduction

The prehensile hand and binocular stereopsis are two
major functional features of primates [1]. From an evo-
lutionary point of view, prototypes of these features
emerged in tarsiers [2], developed further with the emer-
gence of the opposable thumb and conjugate eye move-
ment in macaque monkeys, and culminated in tool-using
and tool-making in man [3]. The accurate visual guid-
ance of hand movement facilitated by binocular vision
ensures the high precision and skillful manipulation re-
quired for these tasks. But where are these functions
integrated in the brain?

Human patients with parieto-occipital lesions show
deficits in reaching and/or grasping, using tools, imi-
tating gestures and drawings, and/or constructing block
designs. The disorders characterized by these symptoms
are called optic ataxia [4-6], ideational apraxia [7], ideo-
motor apraxia [8] and constructional apraxia [9°], respec-
tively. All of these symptoms are disorders of visually
guided hand action and are often associated with distur-
bances of visuospatial perception and attention [10,11°¢],
as well as eye movement disorders [4,5]. Parietal lesions
in monkeys also cause deficits in reaching and/or grasp-
ing [12,13] and skilled movements of the hand [14].

The cortical neurons related to the natural hand ac-
tions of reaching and grasping were first recorded in
the parietal cortex by Mountcastle ef al. [15] and Hy-
vaerinen and Poranen [16], long before similar types of
neurons were recorded in the motor cortex [17] and pre-
motor cortex [18,19]. However, quantitative analysis of
the activity of these neurons was confined to the cells
related to reaching [15,20]. Recently, we studied in detail
the functional properties of the parietal neurons that are
specifically related to hand movement [21,22]. Many of
these neurons receive both visual and motor signals, and
probably play a crucial role in visual guidance of skilled
hand movement.

In this article, we review the recent investigations of
goal-directed hand actions carried out using various
approaches (see also [23] for review), and propose a
hypothesis of how the visual information about the
spatial characteristics of objects is processed in the
parietal cortex to allow for matching of hand actions
with a wide variety of objects.

Neuropsychological background

The first indication that the parietal cortex is involved
in the visual control of hand movement was the clinical
symptoms manifested by lesions of the parieto-occipital,
as reported by Balint [4].

One of the disorders of Balint’s syndrome [4], optic
ataxia, has been described as misreaching [5,24]. As pa-
tients groped for an object with overextended fingers,
the abnormal grasping was attributed to a strategy for
compensating for the reaching deficit and increasing the
probability of contact of the hand with the object.

Recently, Jeannerod [25] found in patients with parieto-
occipital lesions a remarkable disturbance of the forma-
tion of finger grip before reaching the target objects,
which he called ‘preshaping’. Perenin and Vighetto [6]
found a disturbance of the adjustment of hand orienta-
tion to that of the target in patients with optic ataxia.
More recently, Jeannerod ef al. [26**] found a patient
with bilateral posterior parietal lesions who manifested
a bilateral deficit in grasping without having a deficit
in reaching. The patient had both abnormal preshaping
with overextended grip and an inability to adjust hand
orientation. The dissociation of the deficits in reaching
and grasping suggested that separate regions may exist
for the control of reaching and grasping.

The disturbance of visually guided grasping may be dis-
sociated from that of visuospatial perception, as suggested
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by the report of Goodale et al. [27] about a patient with
carbon monoxide poisoning who manifested severe vi-
sual agnosia of objects but showed perfect matching of
the orientation and the grip size of the hand to the tar-
gets. In contrast, Goodale et al. [28%] reported a case
of optic ataxia in which the patient showed difficulty in
grasping objects but was able to discriminate differences
in shape. They suggested that separate visual cortical
pathways exist for the perception of object shape and
for the control of action of object grasping [29].

There is also an important dissociation of functional
deficits in reaching for objects in the peripheral visual
tield from that in reaching for objects in the central
visual field. Patients with a lesion in the superior pari-
etal lobule misreach for objects in the contralateral visual
field but do not appear to have a deficit in reaching in the
central visual field [30,31]. A similar type of misreaching
was found by Rondot et al. [32] in patients with surgical
disconnection of the parieto-occipital junction. On the
other hand, a classic symptom of optic ataxia resulting
from bilateral lesions of the angular gyrus and com-
bined with oculomotor disorder is misreaching when
using central vision [5]. Pierrot-Deseilligny et al. [33]
reported the case of a patient with a lesion in the bi-
lateral inferior parietal lobules who showed misreaching
when using central vision as well as when using periph-
eral vision.

Patients with parietal lesions may have deficits in more
complex skilled hand actions than simple reaching and
grasping, as revealed by the symptoms of apraxia. The
two major types of apraxia, as defined by Liepmann
[34], are ideational and ideomotor apraxia. Patients with
ideational apraxia commit errors in the use of tools,
for example, they brush their teeth with a spoon or
stir the contents of a glass with a bottle-opener [7],
although they can recognize and name the tools. The
deficit may be result from a loss of knowledge of tool
tunction [35], or the inability to match the hand action
with the structure and function of the objects.

On the other hand, ideomotor apraxia manifests as a
deficit in presenting or imitating gestures, and is often
observed in patients with a lesion in the left parietal
cortex [36]. Ideomotor apraxia appears to result from a
deficit in the ability to match the action of the hand and
arm to the visual image of the movement and posture of
the hand and arm of the examiner.

A third type of apraxia, as defined by Kleist {37}, is con-
structional apraxia, which manifests as an inability to
draw pictures, assemble block designs, etc. Although
Kleist localized the causative lesion of this symptom
in the posterior parietal area of the left hemisphere,
patients with right hemisphere lesions also show vi-
suoconstructive disabilities, as shown in the illustrative
cases described by Hecaen er al. [38]. It is well known
that a split-brain patient studied by Sperry et al. [39]
showed much better constructional performance with
his left hand than his right. A number of studies led
to the suggestion that the right hemisphere supplies a

perceptual component and the left hemisphere an ex-
ecutive component to the visuoconstructional task (see
[40] for review). Thus, the constructional apraxia may
be secondary to a deficit of spatial perception, especially
in the case of right parieto-occipital lesions [41].

Therefore, it is not possible, on the basis of clinical
observations, to exclude visuospatial perception from
the functions attributed to the dorsal pathway and the
posterior parietal cortex, as suggested by Goodale and
Milner [29]. Alternatively, it may be suggested that the
perceptual function of the parietal cortex is action-ori-
ented [42] and that a link exists between perceptual and
motor systems within the parietal cortex.

The deficits of perceptions resulting from parieto-occip-
ital lesions described below are relevant to the visual
guidance of hand action. Loss of stereoscopic vision
resulting from parieto-occipital lesion was first reported
by Holmes and Horrax [43]. Carmon and Bechtoldt [44]
tested patients using a modified Julesz random-dot stere-
ogram and found marked deficits in performance in pa-
tients with right hemisphere lesion. Right hemisphere
dominance in stereopsis was confirmed by several au-
thors [45—48]. Rothstein and Sacks [49] found deficits
in stereopsis in patients with lesions of the parietal
lobe; however, the impairment was greater in patients
with lesions of the left parietal cortex. It is highly likely
that the parietal cortex is involved in stereopsis, although
Ptito et al. [50] reported that global stereopsis, but not
local stereopsis, was impaired after anterior temporal
lobectomy. It is clear from our daily experiences that
a deficit in stereopsis may cause disturbance of precise
skilled hand action, such as threading of a needle.

Inability to judge the orientation of lines or vertical and
horizontal axes has been associated with right parieto-
occiptal lesions [51-53]. However, Mehta et al. [54]
found that the contribution of the left hemisphere was
greater in the task of matching line orientation than that
of the right hemisphere. Recently, Von Cramon and
Kerkhoff [11**] found impairment of elementary visu-
ospatial perception, including length and distance esti-
mation, in patients with parieto-occipital lesions. These
functions are also important in visual guidance of hand
action.

Finally, the selective deficit of visual size perception has
been attributed to lesions of the parietal cortex [55], al-
though recently, cases of micropsia in patients with le-
sions of the occipitotemporal pre-stiate cortex have also
been reported [56°].

Lesion experiments in monkeys

It is ditficult to replicate the disturbances of hand ac-
tion of human patients with parieto-occipital lesions by
inducing experimental lesions in monkeys, especially in
the case of apraxia. Thus, most of the early studies of
parietal lesions in monkeys have focused on the deficits
in visually guided reaching [57,58]. However, it is sig-
nificant that misreaching occurred only with the con-
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tralateral arm in both visual fields and therefore could
be dissociated from more general visual disorientation,
including eye-movement disorders.

In more recent detailed studies of parietal lesions, mis-
reaching was associated with disturbance of preshaping
[12] or improper orientation of the contralateral hand
or fingers [13]. In an experiment of a parietal leuko-
tomy that damaged the inferior parietal lobule, Haaxma
and Kuypers [14] observed a deficit in the type of visual
guidance of hand and finger movement where opposi-
tion of thumb and index finger are needed.

Performance of other spatial tasks, such as landmark dis-
crimination [59], the stylus maze task [60], or follow the
route of a bent wire [61] or a patterned string [62], was
impaired by parieto-occipital lesions. In contrast to le-
sions of the inferotemporal cortex, parietal lesions did
not cause a deficit of form or object discrimination
[59,63], with the notable exception of discrimination
of a square versus a diamond [64], which is actually the
discrimination of the orientation of the same shape. Re-
cently we induced deficits of preshaping by means of a
functional block of the anterior intraparietal area (AIP),
on the posterior bank of the rostral intraparietal sulcus
[65*¢], where we recorded those neurons that were re-
lated to the hand manipulation task, as will be described
in the following section of this review. Fig. 1 shows an
example of the loss of preshaping after muscimol injec-
tion into area AIP. Before injection, when a monkey pre-
pares to grasp and pull a small plate buried in a groove,
it extends the index finger, flexes the 2nd to 5th fingers
and inserts the index finger smoothly into the groove
(Fig. 1a,i). However, after the injection, it extends all of
the fingers so that the fingers hit the side plate (Fig. 1a,ii).
Even when it manages to insert the index finger, it is not
able to oppose the thumb against the index finger. The
lower diagrams (Fig. 1c,d) show the sites of injections,
with the sites of recordings of the hand-manipulation-re-
lated neurons that were recorded in the posterior bank of
the rostral intraparietal sulcus (area AIP) that was directly
posterior to the hand area of the primary somatosensory
area.

Anatomical background

It is now generally accepted that two cortical visual
pathways exist [66,67]. The occipitotemporal pathway,
or ‘ventral stream’, is crucial for visual identification of
objects, whereas the occipitoparietal pathway, or ‘dor-
sal stream’, is crucial for the perception of the spatial
position and movement of objects, as well as for the
visual guidance of hand movements toward objects in
space [68°].

The segregation of visual pathways begins at the level of
the retina, and continues through the lateral geniculate
body (LGB). Large M ganglion cells project to the mag-
nocellular (M) layers of LGB and small P cells project
to the parvocellular (P) layers [69]. The former is called
the M system and the latter the P system. The M sys-

tem is concerned with movement and depth, whereas
the P system is concerned with shape and color [70,71].
It is important to note that M layers of the primate LGB
contain X-type cells, which exhibit sustained discharge,
as well as Y-type cells, which exhibit transient discharge
[72]. M system neurons project through layer 4B of cor-
tical area V1 directly, or by way of a thick band of area
V2, to area V5 (MT) and V3 complex.

Most of the cells of V5 are sensitive to moving stimuli
and are directionally selective, and seem to play a crucial
role in motion vision. On the other hand, many of the
cells of the thick band of V2 are sensitive to binocu-
lar disparity [73] and many cells of V3 and V3A are
binocularly driven and disparity sensitive [74,75]. It is
thus likely that the V3 complex plays a critical role in
stereopsis {76].

V3 complex cells project to area PO (V6) of the supe-
rior parietal lobule [77], area LIP [78] and PIP (D] Felle-
man, A Burkhalter, DC Van Essen, Soc Neurosci Abstr
1987, 13:626) in the lateral bank and fundus of the intra-
parietal sulcus (IPS). These areas may be involved in the
coding of spatial position and/or stereopsis, whereas ar-
eas MST and VIP, which receive strong projections from
MT [79,80], are involved in motion analysis.

Corticocortical connections between the parietal cortex
and frontal cortex are important in relation to the con-
trol of hand action. Area LIP has strong interconnections
with the frontal eye field [78,81] and the superior col-
liculus, and plays an important role in saccadic eye move-
ment. In contrast, the more rostral part of the posterior
bank of IPS, which we called anterior intraparietal (AIP)
area, is reciprocally connected with inferior area 6 of the
premotor cortex [82]. This is a region where we induced
deficits of visually guided hand movement by functional
blockage with muscimol injection [65°*]. Inferior area 6
has connections also with area 7b where the somatosen-
sory input converges with visual input. Thus, the inferior
parietal lobule is connected not directly with the primary
motor cortex but indirectly through the connection of
the premotor areas to the motor cortex [82,83].

Neurophysiological studies of hand action

The cortical neurons related to the visually guided
hand actions of reaching and grasping objects were first
recorded in the posterior parietal association cortex of
alert monkeys by Mountcastle et al. [15] and Hyvaer-
inen and Poranen {16]. They classified two types of
movement-related neurons. One type was the reach
(or projection) neurons that were related to the proxi-
mal movement of reaching toward the target position.
The other type was hand manipulation neurons that
were related to the distal movement of hand and fin-
gers, for example, digging out a food morsel covered
by fingers. Georgopoulos er al. [17] trained a monkey
to point to a target in different positions and found
that many neurons of the primary motor cortex were
activated during this task and were selective in the di-
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Fig. 1. Deficit in hand preshaping after functional inactivation of area AIP of monkey parietal cortex. (a) and (b) Preshaping and grasping of
a small plate in a groove. (a) Single-frame images redrawn from (i,ii) video and (iii} stick diagram of a typical control trial. (i) During the
preshaping phase, the monkey extends the index finger and simultaneously flexes the last three fingers. (i) Grasping is achieved by opposing
the pulpar surface of thumb and index finger. (b) Single-frame images redrawn from (i, i} video and (iii) stick diagram of a successful test trial
after muscimol microinjection into site B (see (c) and (d) below). (ii} During the preshaping, the animal does not flex the last three fingers,
and (i) even when it is able to insert the index finger into the groove, index-thumb opposition cannot be accomplished. (¢) and (d) Four
anatomical locations (A-D) of single-unit recordings and muscimol microinjection sites. (c) Enlarged lateral view of the left parietal cortex
of the monkey. Filled dots indicate the location of four recording sites in primary somatosensory area (S1). Letters indicate the body parts
in which tactile receptive field were located: D1, thumb; D2, index finger; D4, fourth finger. Open circles indicate the sites where hand
manipulation-related neurons were recorded. Asterisks indicate the muscimol microinjection sites. (d) Selected coronal sections showing the
microinjection sites. Shaded areas represent the local diffusion of muscimol. The sections are taken at the level indicated by vertical bars on
(c) the brain drawing. Abbreviations: CS, central sulcus; LF, lateral fissure.

rection of movement. Kalaska ef al. [20] recorded a
similar type of reach neurons in area 5 (superior pari-
etal lobule), The distribution of onset time for area 5
neurons lagged behind the corresponding distribution
of motor cortical cells by about 60 ms, suggesting that
area 5 neurons receive an efference copy of the mo-
tor cortex output. Their function may be to monitor

command signals and correct errors. Recently, Kalaska
et al. [84] studied the activity of area 5 neurons with a
load on the manipulandum in different directions, and
tound that the directional tuning of their activity was
insensitive to the application of load, suggesting that
they encode the kinematics but not the dynamics of
the arm. On the other hand, MacKay [85] recorded
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reach-related neurons in area 7a and found that the
majority of them showed spatial preference and many
of them showed visual responses, suggesting that they
monitor the visual movement of the hand and arm to
correct errors.

Recently, we studied the parietal neurons related to hand
manipulation tasks [21,22]. Many of these hand manip-
ulation neurons were highly selective and were preferen-
tially activated during the manipulation of one of four
different objects. In order to exclude visual input, we
trained the monkey to perform the task in the dark and
also to fixate on the object without grasping it. Thus, the
hand manipulation neurons were classified into three
types: ‘motor dominant’, ‘visual and motor’, or ‘visual
dominant’. More recently, we made a systematic study
of the correspondence of visual and motor components
with regard to the object, and found that the highly se-
lective neurons showed the same preference of object for
manipulation and fixation [86*¢]. These neurons were lo-
calized in the rostral part of the posterolateral bank of the
intraparietal sulcus, which we designated area AIP [65°¢].

As mentioned in the anatomical background section,
area F5 of the ventral premotor cortex and area AIP
of the inferior parietal lobule are tightly interconnected
[82]. Rizzolatti et al. [18] recorded in area F5 many neu-
rons related to the distal hand movement that they des-
ignated as ‘grasping-with-the-hand neurons’. They were
quite similar to the parietal hand-manipulation neurons
with respect to their selectivity in the pattern of hand
movement. They distinguished three main groups of
neurons — ‘precision grip neurons’, ‘finger prehension
neurons’ and ‘whole hand prehension neurons’ — which
may correspond to the highly selective ‘motor dominant’
neurons of area AIP. Thus, it is highly likely that the
‘motor dominant’ cells receive an efference copy from
the premotor area F5 cells. On the other hand, the ‘vi-
sual dominant’ cells probably receive visual signals of the
spatial characteristics of an object from cells within the
parietal cortex. These two signals are integrated in ‘visual
and motor’ cells, which may send positive feedback sig-
nals to the premotor cortex. We have presented this idea
of parietal premotor interaction as a conceptual diagram
in a recent paper (see [86°*]).

Hand manipulation neurons are selective not only for the
shape of an object but also for the orientation of the
object, especially in the case of a lever switch or a small
knob in a groove. Recently, we found a group of visual
neurons in the caudal part of the lateral bank of IPS,
roughly corresponding to area PIP, that were selective
for the three-dimensional orientation of the longitu-
dinal axis of objects (M Kusunoki et al., Soc Neurosci
Abstr 1993, 23:770). Most of these orientation-selective
neurons were binocularly driven and may be involved
in stereopsis. Thus, it is highly likely that visual signals
encoding three-dimensional shape are processed in the
parietal cortex rather than the inferotemporal cortex.
The output of that processing may be sent to area AIP
for matching of the hand grip to the three-dimensional
object.

Fig. 2 shows an example of the response of axis
orientation-selective neurons that prefer a diagonal axis
tilted to the right and toward the animal. In order to
discriminate such a three-dimensional orientation it is
necessary to compute the gradient of binocular disparity
[87]. The parietal association cortex is the most likely
area for such a complicated processing. In fact, there
are various types of visual neurons in the parietal cor-
tex that represent position and other spatial character-
istics. Recently, Galletti er al. [88*%] found neurons of
area V6 (PO) that encode spatial locations in body-cen-
tered coordinates. Such neurons are suitable for visual
guidance of reaching in the peripheral visual field. Area
PO sends projections to the dorsal premotor area [89°¢],
where Caminiti et al. [90] recorded reach neurons with
three-dimensional directional selectivity. In area 7a there
are many visual fixation neurons that code three-dimen-
sional position of a fixation point, including egocentric
distance [91], and the visual receptive fields of at least
some of them are near the fovea. These neurons are
suitable for guidance of reaching with central vision,
although no corticocortical pathway is known to con-
nect area 7a directly to the premotor cortex.

Recently, Graziano and Gross [92¢] found bimodal, vi-
sual and tactile, neurons that were shown to be involved
in the representation of extrapersonal space. Of partic-
ular interest were the neurons having a visual receptive
field close to the hand; this receptive field was found
to move as the animal changed the position of its hand.
They found such bimodal neurons in the putamen ini-
tially; however, the bimodal response may be generated
in areas VIP and 7b of the parietal cortex [93**]. The
bimodal neurons were also found in the inferior area 6;
thus, these neurons probably contribute to the control
of hand movement.

Finally, di Pelegrino et al. [94] found that neurons in the
rostral part of inferior premotor cortex discharged when
the monkey observed meaningful hand movements per-
formed by the experimenters as well as during the same
movement by the animal. This is similar to but different
from the case of neurons of the superior temporal sulcus
(STS), which responded to the sight of hand action [95],
as STS neurons were not activated by the animal’s own
movements. It is highly likely that similar neurons may
be present in the parietal cortex that contribute to the
imitation of body action, which are impaired in patients
with ideomotor apraxia.

Psychophysical studies of human prehension

To obtain information about object size, shape and dis-
tance, binocular vision is very important. Servos et al.
[96] examined the contribution of binocular vision to
the control of grasping. They found that when the grasp-
ing movements were executed under monocular condi-
tions, the subjects underestimated the object distance and
size (showing longer movement duration, lower peak ve-
locity, longer deceleration phase and smaller grip size).
They suggested that binocular vision might make a sig-
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Fig. 2. An example of the response of axis
orientation-selective neurons of the infe-
rior parietal lobule of the monkey. (a-d)
Responses to the luminous bar in varied
orientations in the frontal plane at 45-de-
gree steps. (e—h) Responses to the bar in
varied orientations in the sagittal plane at
45-degree steps. (i) The best response to
the bar tilted 45-degrees to the right and
forward.

nificant contribution to prehensile movement. There is
an alternative interpretation, which is that these differ-
ences reflect a motor strategy that the subjects used to
compensate for the lack of fine tuning of the movement
during its execution. The study of Jakobson and Goodale
[97], however, showed that this was unlikely. They stud-
ied responses under open-and closed-visual conditions
using the same set-up and found no differences between
the two conditions with respect to the movement du-
ration, peak velocity and length of acceleration phase.
These results suggest that the initial binocular view of
the object and hand before movement onset determines
the kinematics irrespective of visual feedback.

In a recent study, Servos and Goodale {98°] confirmed
the importance of binocular vision in prehension move-
ments in tests using goggles with a liquid-crystal shutter

controlling the view of each eye. They used four viewing
conditions. In one condition, binocular vision was used
throughout the execution of the grasping movement. In
the second, the initial binocular viewing conditions were
switched to monocular viewing conditions immediately
after initiation of the movement. In the third condition,
monocular vision was used throughout the movement;
and in the fourth, monocular viewing conditions were
switched to binocular viewing conditions immediately
after movement onset. An interesting finding was that
the maximum grip aperture, which occurred two-thirds
of the way through the reach movement at a point at
which on-line visual information could have an effect,
was only affected by the initial viewing condition. An-
other important finding was that the time allotted for the
object contact was longer in the case of initial monocu-
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lar viewing than initial binocular viewing. These results
suggest that the initial binocular view provides impor-
tant information about the size, shape and distance of
an object for smooth and accurate execution of prehen-
sion movements and that binocular vision is an important
source of feedback information.

Human brain imaging studies

An early rCBF study of human subjects showed that the
parietal cortex was activated by finger movement during
the maze task [99]. Recent advances in brain imag-
ing techniques allow us to obtain substantial amounts
of information of the localization of higher functions
in the human brain. However, studies concerning hand
and arm movement have been relatively few, with most
of them focused on the frontal motor areas. Some re-
searchers have reported that the parietal cortex is acti-
vated during finger and arm movement. Colebatch et
al. [100] reported that a shoulder movement caused a
significant increase in rCBF in Brodmann areas 5 and
40, but finger movement did not. This may be due
to the fact that the movement was restricted within
the personal space and did not involve reaching to-
ward external objects. Other studies suggest that the
parietal cortex is more highly involved in the selection of
movement [101], the preparation for reaching [102], the
integration of special attributes [103] and the learning of
motor sequence [104°], than in the control of movement
itself.

Neurophysiological and neuropsychological data suggest
that the different areas in the parietal cortex may have
specific roles for controlling both reaching and grasping
movements. Grafton et al. [105¢] examined the within-
arm somatotopy in various cortical areas using a visuo-
motor tracking task in which the subject continuously
followed the randomly moving target with the index fin-
ger, thumb, wrist, forearm, elbow and eyes. They found
the foci of activity in the motor cortex, supplementary
motor cortex and cingulate cortex, but not in the pari-
etal cortex. These results also contradict the neurophy-
siological data of Grafton et al. [103] who found acti-
vation during the visually guided finger movements in
the superior parietal lobule but not in the inferior pari-
etal lobule. The most recent PET study by Decety et al.
[106°¢] showed that the focus of activity during imagin-
ing of the grasping of objects with the subject’s own hand
was in area 40 of the inferior parietal lobule as well as
in the premotor (area 6) and prefrontal (area 46) areas.
Moreover, it appears to be critical that they presented
graspable objects of various shapes and orientations in a
three-dimensional display.

Conclusion

Recent neuropsychological studies suggest that the le-
sions of the parietal cortex may cause not only misreach-
ing but also the disturbance of visually guided grasping,
and that the latter may be dissociated from the former.

Moreover, reaching using peripheral vision in contrast
to central vision may be affected separately as a result
of lesions of the superior parietal lobule, whereas the
latter is affected as a result of lesions of the inferior pari-
eta] lobule. It has also been suggested that disturbances
of the visuospatial perception caused by parietal lesions,
which include binocular stereopsis and the judgment of
line orientation, length and distance, may be associated
with disorders of visually guided hand actions, such as
tool using, drawing and block construction.

Recent anatomical studies suggest that there may be a
third major visual pathway, which projects to the pari-
etal cortex via the V3-V3A complex, and is probably
concerned with stereopsis. On the other hand, the cor-
ticocortial connection between the inferior parietal lob-
ule and the ventral premotor area may support the visual
guidance of hand actions, whereas the interconnection of
the superior parietal lobule and the dorsal premotor area
may support visual reaching.

Recent neurophysiological studies of behaving monkeys
demonstrated that the neurons in the rostral part of the
posterior bank of the intraparietal sulcus, which was des-
ignated the AIP area, are specifically related with the vi-
sually guided hand actions and play an important role
in matching the pattern of hand action with the spatial
characteristics of the object. More recently, we obtained
new evidence that the visual neurons of the lateral bank
of the caudal intraparietal sulcus are coding axis orienta-
tion and other three-dimensional features of objects with
binocular stereopsis. These binocular neurons may pro-
vide visual information to area AIP to guide the hand
actions. Recent psychophysical experiments also con-
firmed the importance of binocular vision for reaching
and grasping.
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