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Review of Vesia et al.

Research in both humans and macaques
has provided evidence that the posterior
parietal cortex (PPC) serves as a sensory–
motor interface crucially involved in
visuomotor transformations for goal-
directed movements. It is well accepted
that in macaque monkeys, these transfor-
mations manifest themselves as a gradual
change in the functional organization
along gradients of effector preferences.
For example, several single-unit recording
studies have demonstrated that different
cortical areas within the PPC represent
plans for eye and arm movements (Snyder
et al., 2000). Planning eye movements in-
volves a functional class of neurons on the
lateral bank of the intraparietal sulcus
(LIP area) (Colby et al., 1996), whereas
reach-related activity has been described
along the dorsomedial visual stream in the
superior parietal lobule, including area 5
[an area located in the middle portion of
the intraparietal sulcus (MIP)] and a
more posterior region in the medial supe-
rior parieto-occipital cortex (V6A) (Gal-
letti et al., 2003). In humans, functional
imaging studies reported a less clear seg-
regation between reach- and saccade-
related areas and the debate on effector
specificity in human PPC is still open
(Levy et al., 2007; for review, see Filimon,
2010).

In a recent study published in The
Journal of Neuroscience, Vesia et al. (2010)
used transcranial magnetic stimulation
(TMS) to determine effector specificity in
human PPC. This technique allows one to
interfere with a specific stage of visuomo-
tor transformation in a particular cortical
area. Vesia et al. (2010) used online 10 Hz
repetitive TMS (rTMS) to examine the
specific functional role of one posterior-
medial site [superior parieto-occipital
cortex (SPOC), which likely includes area
V6A] and two anterior–lateral parietal
sites [angular gyrus (AG) and midposte-
rior intraparietal sulcus (mIPS), which
likely includes LIP and MIP areas] in the
planning of saccades versus reaches. Vesia
et al. (2010) conducted three separate ex-
periments using a delayed saccade and
reach paradigm with six visual targets
(aligned horizontally in steps of 10° from
30° left to 30° right). In the first experi-
ment, subjects were required to perform
saccades or reaching movements (ran-
domly interleaved) with the right hand in
complete darkness; in the second experi-
ment, reaching movements were per-
formed with the left hand (again in
complete darkness); and in the last one,
reaching movements were performed
with the right hand, but now with visual
feedback (Vesia et al., 2010, their Fig. 3).
Task performance was evaluated in terms
of movement accuracy and precision. Ac-
curacy was measured as the signed differ-
ence between mean endpoint and target
positions (constant errors), whereas pre-
cision was measured as the area of 95%

confidence ellipses fitted to endpoint dis-
tributions (variable errors).

One of the main findings of this study
was the reduced accuracy of saccades and
the reduced precision of reaches to con-
tralateral targets after stimulation over
right mIPS and AG. The TMS-induced ef-
fect in these anterior–lateral sites was fur-
ther reduced by the visual feedback of the
hand and, more importantly, was limb-
specific, showing a contralateral limb-
related bias in precision measures. In
contrast, stimulation of SPOC in either
hemisphere did not affect saccade preci-
sion or accuracy and did produce a signif-
icant shift of mean horizontal reach
endpoints toward central fixation (i.e.,
hypometria), which persisted even when
the hand was visible. Based on these data,
Vesia et al. (2010) propose that SPOC is
specialized for encoding reach targets in
retinal coordinates, whereas the more an-
terior–lateral parietal regions are involved
in computations for both reach and sac-
cade motor vectors. Moreover, the au-
thors interpret their results to suggest a
caudorostral gradient in limb selectivity
(caudally absent and rostrally present).

It is worth noting, however, that limb
specificity was assessed by considering
only the reach precision measure, without
taking into account what emerged from
the analysis on reach accuracy. Whereas
reach precision clearly revealed contralat-
eral limb specificity of the two anterior–
lateral areas (Vesia et al., 2010, their Fig.
7), reach accuracy (Vesia et al., 2010, their
Fig. 6, D–G) showed a significantly greater
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hypometria following rTMS over right
SPOC during right hand reaches (experi-
ments 1 and 3) and following rTMS over
left SPOC during left hand reaches (ex-
periment 2). This suggests the potential
presence of a TMS-induced limb-specific
effect for the SPOC area also. Unfortu-
nately, this result was not discussed in
Vesia et al.’s (2010) section on limb spec-
ificity. An ipsilateral limb specificity in
SPOC would be inconsistent with most
monkey and neuropsychological evidence
(Karnath and Perenin, 2005; Chang et al.,
2008; but see Busan et al., 2009). More-
over, it would weaken the conclusion
drawn by the authors about the involve-
ment of SPOC in reach planning. In fact, if
the stimulation over SPOC induces some
effects modulated not only by target ec-
centricity, but also by the reaching hand,
then it is unlikely that SPOC function is
restricted to encoding reach goals in reti-
nal coordinates. This function should in-
deed be independent from nonretinal
factors, such as handedness.

From reach accuracy results it is possi-
ble to observe another interesting trend,
namely the potential presence of an effect
on horizontal errors resulting from the
stimulation of the two anterior–lateral
sites. Indeed, rTMS over right mIPS and
AG seems to induce horizontal hypome-
tria in the contralateral visual hemifield,
but only for reach movements performed
with the right hand (Vesia et al., 2010,
their Figs. 6 and S1, H–I). Although reach
accuracy was significantly affected only by
stimulation over SPOC, the trend re-
ported above would be in agreement with
previous work (van Donkelaar and Adams,
2005) and would bring further support to
the involvement of anterior–lateral re-
gions in reach planning.

Another aspect of the results that de-
serves attention concerns the influence of
visual hemifield and target eccentricity on
reach accuracy. Stimulation over left
SPOC produced a significant horizontal

hypometria for left hand reaches only in
the right visual hemifield (Vesia et al.,
2010, their Fig. 6D). Furthermore, it can
be noted that, for right-hand reaches, the
greater deviation of end points toward
central fixation in the visual hemifield
contralateral to the stimulated site seems
to be present for both right and left SPOC
(Vesia et al., 2010, their Fig. 6G). Unfor-
tunately, pairwise comparisons concern-
ing TMS-induced effects between the two
SPOC have not been provided, thus pre-
venting further speculation on this point.
Moreover, reach accuracy results showed
a significant effect of stimulation over
SPOC only for the two peripheral targets,
consistent with neuropsychological and
functional findings that suggest specificity
of this region for reaching in peripheral
vision (Karnath and Perenin, 2005; Prado
et al., 2005). Therefore, to appraise more
specifically the influence of visual hemi-
field and target eccentricity, it would be
helpful in future experiments to include
them in the factorial design, i.e., splitting
the six levels of target location factor in a 2
(visual hemifield) � 3 (target eccentric-
ity) factorial design.

In summary, in the debate on saccade
and reach specificity in human PPC, Vesia
et al. (2010) have used an innovative
method (rTMS) that allows establishing a
causal link between the function of a par-
ticular cortical region and behavioral per-
formance. Using this approach, which is
complementary to functional neuroimag-
ing, Vesia et al. (2010) have provided evi-
dence for effector specificity in human
PPC, showing a caudorostral gradient of
effector preferences. Extending previous
results (Hagler et al., 2007), they suggest
that anterior–lateral parietal areas mIPS
and AG are involved in the encoding of
both saccade and reach movements.
Moreover, this work identified the clear
specificity of SPOC in the planning of
reaches only, although further studies are
needed to clarify the role of both visual

hemifield and limb specificity on these
complex visuomotor transformations.
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