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Inleiding



We zijn geëvolueerd in een omgeving 
die we grotendeels zelf vorm hebben 
gegeven

We zijn niet ontworpen vanuit een plan, 
maar zijn biologische systemen die zich 
aanpassen langs meerdere wegen tegelijk 

Cognitie en bewegingssturing dienen 
verklaard te worden binnen dat 
raamwerk
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Dynamische Systemen
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Morphological Computation
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Dans als Voorbeeld
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Simon, Stéphane R., Martine Meunier, Loÿs Piettre, Anna M.

Berardi, Christoph M. Segebarth, and Driss Boussaoud. Spatial
attention and memory versus motor preparation: premotor cortex
involvement as revealed by fMRI. J Neurophysiol 88: 2047–2057,
2002; 10.1152/jn.00965.2001. Recent studies in both monkeys and
humans indicate that the dorsal premotor cortex participates in spatial
attention and working memory, in addition to its well known role in
movement planning and execution. One important question is whether
these functions overlap or are segregated within this frontal area. Single-
cell recordings in monkeys suggest a relative specialization of the rostral
portion of dorsal premotor cortex for attention and/or memory and of the
caudal region for motor preparation. To test whether this possibility also
holds true in humans, we used functional magnetic resonance imaging
(fMRI) to compare, in the same set of subjects, brain activation related to
strong spatial attention and memory demands to that elicited by long
motor preparatory periods. The behavioral protocol was based on a task
that had proved effective for dissociating neuronal properties related to
these two functions in the monkey brain. The principle of the monkey
task was that a first cue guided the focus of spatial attention and memory,
whereas a second one instructed an arm movement. Based on this
principle, two tasks were developed. One maximized spatial attention and
memory demands by presenting long series of stimuli (4, 8, or 12) before
the motor instructional cue, whereas the other extended the motor prep-
aration phase by imposing long and variable delays (1–5.5 s) between the
onset of the instructional cue and movement execution. The two tasks and
their respective control conditions were arranged in two blocked-design
sequences. The results indicate that the brain networks underlying the two
functional domains overlap in the caudate nucleus and presupplementary
motor area, and possibly in lateral prefrontal cortex as well, but involve
different dorsal premotor fields. Motor preparation primarily recruited a
dorsal premotor area located caudally, within the precentral gyrus (to-
gether with the supplementary motor area), whereas spatial attention and
memory preferentially activated a more rostral site, in and anterior to the
precentral sulcus (in addition to the posterior parietal cortex). These
findings strengthen the idea that the primate dorsal premotor cortex
contributes to both motor and nonmotor processes. Moreover, they cor-
roborate emerging evidence from monkey physiology suggesting a rela-
tive functional segregation within this cortex, with attention to short-term
storage of visuospatial information engaging a more rostral region than
motor preparation.

I N T R O D U C T I O N

There is a general agreement that the dorsal premotor cortex
(PMd) in primates plays a major role in the selection, planning,
and execution of voluntary movements (for reviews, see Ca-
miniti et al. 1998; Wise et al. 1997). This idea was first derived
from observations of brain-damaged patients and from mon-
keys with experimental lesions (Halsband and Freund 1990;
Kurata and Hoffman 1994; Passingham 1993; Petrides 1986).
It has been supported by numerous physiological studies in
monkeys (Caminiti et al. 1991; Crammond and Kalaska 2000;
di Pellegrino and Wise 1993; Fu et al. 1995; Kurata and
Hoffman 1994; Riehle and Requin 1989; Weinrich and Wise
1982) and recently confirmed by brain imaging investigations
in humans (Deiber et al. 1996, 1997; Grafton et al. 1998;
Kawashima et al. 1994; Lee et al. 1999; Richter et al. 1997;
Toni et al. 1999, 2001; van Oostende et al. 1997).
Accumulating evidence indicates, however, that in addition

to its well-established motor function, the primate premotor
cortex plays a role in nonmotor processes such as spatial
attention and working memory. On the one hand, human im-
aging studies targeting either spatial attention or working mem-
ory have repeatedly reported activation in the premotor cortex
(e.g., Corbetta et al. 1998; Coull and Nobre 1998; Courtney et
al. 1998; D’Esposito et al. 1998; Kawashima et al. 1998; Petit
et al. 1996, 1998; Stern et al. 2000). On the other hand,
neurophysiological experiments in monkeys have identified in
PMd a substantial proportion of cells whose activity reflects
spatial attention and/or memory in addition to the large popu-
lation of cells with motor preparatory properties (Boussaoud
and Kermadi 1997; Boussaoud and Wise 1993a,b; di Pelle-
grino and Wise 1993; Lebedev and Wise 2001).
In light of these data, one important question is whether

attentional/mnemonic and motor functions overlap within
PMd, or whether they are carried out by distinct subregions.
Recent neurophysiological findings in monkeys (Boussaoud
2001; Lebedev and Wise 2001) suggest that attention/memory
related activity is more frequent in the rostral portion of PMd
(PMdr), whereas motor preparatory activity is predominant in
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INTERACTION ANALYSIS: BRAIN REGIONS PREFERENTIALLY

ENGAGED IN SPATIAL ATTENTION AND MEMORY. This analysis
revealed a SAMP-selective activation in the dorsal premotor
cortex situated within the right superior precentral sulcus. The
only other SAMP-selective activation was a widespread bilat-
eral focus centered on the posterior intraparietal sulcus and
precuneus, extending into the anterior intraparietal sulcus in
the right hemisphere and into the parieto-occipital sulcus in the
left hemisphere.

INTERACTION ANALYSIS: BRAIN REGIONS PREFERENTIALLY

ENGAGED IN MOTOR PREPARATION. This analysis revealed a
MPP-selective activation in the left dorsal premotor cortex
situated in the caudalmost portion of the precentral gyrus,
possibly extending into M1. The maximum Z-score of this
MPP-selective left dorsal premotor activation was located 8
mm posterior to that of the SAMP-selective right dorsal
premotor cortex activation (see Table 4). Except for a du-
bious amygdala activation, the only other MPP-selective
activation focus was located in the medial premotor cortex,
involving the medial frontal gyrus caudal to the VAC plane

(i.e., the SMA according to Picard and Strick 1996) and the
cingulate sulcus.

OCULOMOTOR REGIONS AND SAMP ACTIVATION IN LATERAL

PREMOTOR CORTEX. The interaction analysis for three sub-
jects identified a lateral premotor site, located in and near
the precentral sulcus (Table 5), that was significantly more
active when the spatial attention and memory task was
performed with saccades (oculomotor control paradigm)
than without saccades (covert shifts of attention, SAMP).
The left activation peak was more posterior and ventral than
the right one (Talairach y, z: !11, 42 vs. !3, 52), but both
peaks remained within the range of published coordinates
for the human FEF, which includes y, z: !19, 47 (Petit et al.
1997), !8, 54 (Beauchamp et al. 2001), and !6–1, 44–51
(Paus 1996). When superimposed to the SAMP activation
map for the same three subjects (Fig. 2E), saccade-related
activation on the right hemisphere overlapped with the
caudal portion of SAMP premotor activation, whereas the
left hemisphere activation was found largely caudal and
ventral to it.

FIG. 2. Functional MRI results. A: activa-
tion patterns shown on lateral and medial
views of the MNI brain template, separately
for the spatial attention and memory paradigm
(SAMP, red) and for the motor preparation
paradigm (MPP, yellow). Overlapping activa-
tion is shown in orange. The green line out-
lines the central sulcus (ces), and the dark
vertical line indicates the VAC plane in the
MNI system of coordinates. B: conjunction
analysis. Brain regions similarly engaged in
both SAMP and MPP. C: interaction analysis.
SAMP-selective activation pattern. D: inter-
action analysis. MPP-selective activation pat-
tern. E: lateral premotor activation in the 3
subjects (of the 10 included in A–D) submit-
ted to an oculomotor control paradigm iden-
tical to SAMP except for the presence of
ocular saccades during the task condition. Ar-
eas involved in the control of saccades, as
identified by comparison of the 2 paradigms
(interaction analysis, blue), are superimposed
on SAMP activation pattern for the same 3
subjects (main effect, red). The overlap (pur-
ple) thus corresponds to SAMP-activated ar-
eas showing a significantly greater activation
with the addition of saccades. Conventions as
in A. B, C, and D: activation is projected on
coronal slices from the MNI template, taken
at the y coordinate shown below each slice.
Number in parentheses indicates the rostro-
caudal Talairach coordinate of the pixel
showing the local maximum intensity (see
Table 4). The color code (right) represents the
Z-score associated with activated voxels in
the shown slices. CN, caudate nucleus; SMA,
supplementary motor area; cis, cingulate sul-
cus; post and ant ips, posterior and anterior
intraparietal sulcus; PC, precuneus; PMd, dor-
sal lateral premotor cortex. Note that the most
ventral cluster of MPP-“activated” voxels (A,
left medial view) and associated MPP-selec-
tive amygdala “activation” (A? in D) are il-
lustrated for thoroughness, but should be con-
sidered with caution given the proneness of
the amygdala region to false-positive artifacts
(see RESULTS).
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even in the premotor 
cortex there is 
competition between 
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We zijn geëvolueerd in een omgeving 
die we grotendeels zelf vorm hebben 
gegeven

We zijn niet ontworpen vanuit een plan, 
maar zijn biologische systemen die zich 
aanpassen langs meerdere wegen tegelijk 

Cognitie en bewegingssturing dienen 
verklaard te worden binnen dat 
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