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Morphological patterns of the
intraparietal sulcus and the anterior
intermediate parietal sulcus of Jensen
in the human brain

Veronika Zlatkina and Michael Petrides

Montreal Neurological Institute, McGill University, Montreal, Quebec, Canada H3A 2B4

Distinct parts of the intraparietal sulcal cortex contribute to sensorimotor
integration and visual spatial attentional processing. A detailed examination
of the morphological relations of the different segments of the complex intra-
parietal sulcal region in the human brain in standard stereotaxic space,
which is a prerequisite for detailed structure-to-function studies, is not avail-
able. This study examined the intraparietal sulcus (IPS) and the related
sulcus of Jensen in magnetic resonance imaging brain volumes registered
in the Montreal Neurological Institute stereotaxic space. It was demonstrated
that the IPS is divided into two branches: the anterior ramus and the pos-
terior ramus of the IPS, often separated by a submerged gyral passage.
The sulcus of Jensen emerges between the anterior and posterior rami of
the IPS, and its ventral end is positioned between the first and second
caudal branches of the superior temporal sulcus. In a small number of
brains, the sulcus of Jensen may merge superficially with the first caudal
branch of the superior temporal sulcus. The above morphological findings
are discussed in relation to previously reported functional neuroimaging
findings and provide the basis for future exploration of structure-to-function
relations in the posterior parietal region of individual subjects.

1. Introduction

The intraparietal sulcus (IPS), the main sulcus on the lateral surface of the pos-
terior parietal lobe, was first described in the middle of the nineteenth century
by Turner [1]. In the human brain, it is a complex sulcus and its functional
organization is not well understood. By contrast, in the monkey, it is a relatively
simple furrow and its functional organization has been clarified by elegant
single-neuron recording studies. The anterior intraparietal sulcal cortex (area
AIP) has been shown to be involved in complex sensorimotor integration
[2-5], whereas its more central and caudal parts (lateral, medial and caudal
intraparietal areas) play critical roles in visuospatial and attentional processing
[6—15]. More recently, there have been several attempts to explore the func-
tional organization of the intraparietal sulcal cortex in the human brain using
functional neuroimaging methods [16-24] (for reviews, see [25-27]). Such
studies face a major problem, namely the fact that, in the human brain, the
sulcal segments of the IPS exhibit considerable variability. It is clear that under-
standing the morphological variability and relationships between the various
intraparietal segments and the patterns formed with the nearby sulci is critical
for detailed exploration of structure-to-function relations in the parietal region
of the human brain, especially in individual brains. Several studies have now
demonstrated that detailed understanding of the local sulcal morphology and
its variability across brains is a prerequisite for the establishment of precise
relations between cortical representations and the specific sulcal anatomy in
individual subjects [28-30]. Structure-to-function relations that remained
obscure from functional neuroimaging studies reporting only the average
location of functional activity in standard stereotaxic space were uncovered
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when activity was examined in individual subjects follow-
ing a detailed understanding of the local morphological
variability [28-30].

Although the IPS is frequently represented diagram-
matically as a single continuous horizontally oriented
sulcus, even a brief examination of the posterior parietal
region in the human brain reveals a collection of sulci of
varying lengths and orientations, indicating that the IPS is
a complex of sulcal segments [31-34]. Furthermore, there is
a poorly studied short sulcus: the anterior intermediate
parietal sulcus of Jensen [34], also referred to as the sulcus
intermedius [35] or sulcus intermedius primus of Jensen
[36], which appears to emerge out of the inferior bank of
the IPS and may have important functional implications.
The limited information available about the structure of the
IPS complex and its interindividual variability, as well as
the sulcus of Jensen, is based on visual inspection of the
sulci on the surface of the brain [37]. In order to advance
understanding of the IPS patterns, it is necessary to examine
the depth of the sulci in a continuous series of two-dimen-
sional sections. Such an approach reveals discontinuities by
gyral passages located in the sulcal depth, and therefore
not visible from surface inspection of the brains [38]. This
study examined the morphology of the intraparietal sulcal
region in continuous serial two-dimensional sections in
order to establish the details of the morphological variations
of the IPS and clarify the relationship between its segments,
the sulcus of Jensen and the nearby sulci, such as the three
caudal branches of the superior temporal sulcus that enter
the inferior parietal lobule and approach the IPS. The mag-
netic resonance imaging (MRI) brain volumes used were
registered in the Montreal Neurological Institute (MNI) pro-
portional stereotaxic space, which is the most frequently
used framework to describe the location of structural and
functional neuroimaging findings.

2. Methods

The methodology is similar to that in the study by Zlatkina &
Petrides [38]. The data are based entirely on the examination
of continuous series of sections in the region of interest. The
three-dimensional surface reconstructions provided in this article
are examples of a small number of cases in which the submerged
gyral passages were large enough to be visualized by ‘inflating’
the brain volumes and, as such, could be used to provide the
reader with the outward appearance of these discontinuities
that are most often found in the depth of the IPS. Note also
that the paroccipital sulcus, which is sometimes discussed in
relation to the IPS, is not examined in this study as it is con-
sidered an independent sulcus found in the occipital region of
the brain [34].

(a) Subjects

The sample consisted of 24 male (mean age 23.3 years, SD 4.05) and
16 female (mean age 24.6 years, SD 5.6) MRI brain volumes
obtained from the International Consortium for Brain Mapping
(ICBM) database (www.loni.usc.edu/ICBM) [39-41]. The ICBM
project, which is supported by the National Institute of Biomedical
Imaging and Bioengineering, is the result of efforts of co-investi-
gators from University of California, Los Angeles (UCLA), MNI,
University of Texas at San Antonio and the Institute of Medicine,
Juelich/Heinrich Heine University—Germany. The identification
numbers of the brain volumes used in this article are the following:
mni_0100—-mni_0103, mni_0107-mni_0112, mni_0114-mni_0121,

mni_0123, mni_0125, mni_0131, mni_0133, mni_0135, mni_0137-
mni_0141, mni_0144, mni_0146, mni_0148—mni_0153, mni_0200,
mni_0201, mni_0203, mni_0204.

(b) Magnetic resonance imaging

The MRI scans were performed on a Philips gyroscan 1.5T super-
conducting magnet system. A three-dimensional spoiled gradient
echo acquisition sequence was used to collect 178 contiguous sagit-
tal T;-weighted images (TR = 18 ms, TE = 10 ms, flip angle = 30°,
256 x 256 matrix, 256 mm FOV, voxel size isotropic 1 mm?) cover-
ing the head from ear to ear. The intensity correction for non-
uniformity was performed with the help of the N3 program [42].
The MRITOTAL program from the mni_autoreg package was applied
to estimate the nine parameter linear transformation required to
map the MRI data into the MNI stereotaxic space [43]. Each MRI
volume was resampled using a trilinear kernel onto a 1 mm grid
in the stereotaxic space.

(c) Segmentation of intrasulcal grey matter and surface
renderings

The post-central sulcus, the IPS, the anterior intermediate parie-
tal sulcus of Jensen, the sulcus of Brissaud and the paroccipital
sulcus were identified and traced manually on individual MRI
brain volumes with the help of an interactive imaging software
package called DISPLAY [44]. The sulci of interest were exam-
ined in coronal, horizontal and sagittal sections at 1mm
intervals in order to determine their direction, extent and
patterns formed with each other.

Three-dimensional surface renderings of individual brains
were acquired using two different types of software. CIVET IMAGE
PROCESSING PIPELINE v. 1.1.12, available via the CBRAIN interface
(http://mcin-cnim.ca/neuroimagingtechnologies/cbrain/), was
used to extract the cortical surfaces from the MINC files containing
the individual MRI brain scans [45]. Additionally, CAReT v. 5.5 soft-
ware, available at http://brainvis.wustl.edu, was used to produce
three-dimensional reconstructions of the same individual brains
and slightly ‘inflate’ them (two smoothing iterations, inflation
factor equal to 1) to reveal the deep or submerged parts of sulci,
not commonly seen from the surface of the brain [46].

(d) Conversion of stereotaxic space coordinates

In some of the functional neuroimaging studies, Talairach &
Tournoux [47] stereotaxic space coordinates were provided
rather than MNI coordinates. In these cases, the Talairach and
Tournoux coordinates were converted to MNI space coordinates
using the signed differential method provided at http://www.
sdmproject.com. The obtained MNI space coordinates of the
region of interest were projected onto an average brain template
(ICBM152 nonlinear sixth-generation model available from
http://www.bic.mni.mcgill.ca [48]).

3. Results

It is important to note that, in this article, the IPS does not
include the paroccipital sulcus, which is an independent
sulcus that has sometimes been referred to as a posterior
extension of the IPS (see [34]).

(a) Rami of the intraparietal sulcus and their
connection with the paroccipital sulcus

The IPS extends posterior to the post-central sulcal complex
as far as the sulcus of Brissaud and the anterior part of the
paroccipital sulcus (figure 1). Investigation of the IPS in
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Figure 1. Schematic of the parietal sulci of interest on the lateral surface of the
human brain. aipsJ, anterior intermediate parietal sulcus of Jensen; CingS, mar-
ginal branch of the cingulate sulcus on the lateral surface of the brain; CS, central
sulcus; ¢STS1, first caudal branch of the superior temporal sulcus; ¢STS2, second
caudal branch of the superior temporal sulcus; ¢STS3, third caudal branch of the
superior temporal sulcus; iPoCS, inferior branch of the post-central sulcus; IPS,
intraparietal sulcus (main horizontal part of the intraparietal sulcus); IPS-PO,
paroccipital sulcus, often considered as the paroccipital part of the intraparietal
sulcus; LF, lateral fissure; pips, posterior intermediate parietal sulcus; POF, par-
ietooccipital fissure; sB, sulcus of Brissaud; SmgS, supramarginal sulcus; sPoCS,
superior branch of the post-central sulcus; SPS, superior parietal sulcus; STS,
superior temporal sulcus.

continuous serial two-dimensional sections demonstrated that,
in the majority of hemispheres, it could be divided, by a gyral
passage, into two main branches: the anterior ramus and the
posterior ramus (60% of the left hemispheres and 67.5% of
the right hemispheres; figures 2b—d, 3; electronic supplemen-
tary material, figures S1b,d, S2, S4). This gyral passage is
either submerged (figures 2b,c, 3a; electronic supplementary
material, figures S1d, S2, S4) or visible from the surface of the
brain (figure 2d). Much less frequently, the IPS was composed
of three rami (10% of the left hemispheres and 7.5% of the right
hemispheres). In a number of cases, the subdivisions of the IPS
could not be determined and it was therefore treated as a single
uninterrupted sulcus (30% of the left hemispheres and 25% of
the right hemispheres; figure 2a; electronic supplementary
material, figures Sla,c,e, S5-S8).

In general, the gyral passages separating the IPS into rami
by linking its banks were most frequently submerged and not
visible from the reconstructed brain surface (84.4% of all
passages in the left and 63.6% of all passages in the right
hemisphere; figure 3a; electronic supplementary material,
figure S1d, S4). When present, these submerged gyral pas-
sages were generally more pronounced on the inferior bank
of the IPS in close proximity to the dorsal terminations of
the caudal superior temporal sulcus (electronic supplemen-
tary material, figure S2). In a smaller proportion of cases,
the gyral passages were of considerable size and connected
the banks of the IPS from the fundus to the surface, resulting
in several disconnected and isolated sulcal units (15.6% of all
passages in the left and 36.4% of all passages in the right
hemisphere; figure 24).

In 50% of the left hemispheres and 65% of the right
hemispheres, the posterior end of the IPS was separated from
the paroccipital sulcus by a gyral passage visible from the recon-
structed brain surface (figure 2a,b; electronic supplementary
material, figure S1b,e). In the remainder of the hemispheres,
the posterior part of the IPS appeared to merge with the

paroccipital sulcus on the surface of the brain, but these two
sulci were still separated by a small gyral passage in the sulcal
depth (figure 3a—c; the electronic supplementary material,
figure S4). Superficial connection between the posterior ramus
of the IPS and the paroccipital sulcus was sometimes completed
with the help of a small tertiary sulcus (15% of the left and 7.5% of
the right hemispheres).

A previous investigation of the IPS complex from the sur-
face of the brain by Ono et al. [37] reported that the IPS
complex is continuous in 72% of the left and 28% of the
right hemispheres, and it is separated into two segments in
28% of the left and 68% of the right hemispheres [37,
p- 67]. However, it should be noted that the two segments
in the Ono et al. study [37] refer to the IPS proper (examined
here) and the paroccipital sulcus, an independent sulcus that
is sometimes treated as a component of the IPS complex.
Thus, the two rami of the IPS reported here (and their percen-
tages) refer to the IPS proper and not the IPS and the
paroccipital sulcus.

The supramarginal sulcus was observed in the majority of
left and right hemispheres on the supramarginal gyrus
(87.5% of the left and 85% of the right hemispheres). It was
either present as a set of dimples or a slightly more pro-
nounced sulcus (figures 2, 3a—c; electronic supplementary
material, figures S1, S4, S5, S7).

(b) Anterior intermediate parietal sulcus of Jensen
The anterior intermediate parietal sulcus of Jensen (also the
sulcus of Jensen) is a short sulcus which emerges out of the
inferior bank of the IPS at the posterior end of the supramar-
ginal gyrus. Systematic examination of continuous serial two-
dimensional sections demonstrated the sulcus of Jensen in
67.5% of the left and 80% of the right hemispheres.

In 40% of the left and 70% of the right hemispheres exam-
ined, the sulcus of Jensen emerged from the main stem of the
IPS as a deep inferiorly directed side branch with no separ-
ation between the main stem and the side branch (i.e. with
no gyral passage separating them; figure 24; electronic sup-
plementary material, figures Sla, S3a). In cases in which the
sulcus of Jensen was underdeveloped, it appeared as a
notch on the surface of the brain (12.5% of the left and 5%
of the right hemispheres; figure 2b; electronic supplementary
material, figures S1b, S3b).

In a smaller number of cases, the sulcus of Jensen consisted
of a shallow sulcus attached to the main stem of the IPS, and the
connection between the two sulci was observed in a number of
horizontal sections (15% of the left and 5% of the right hemi-
spheres; figures 2c, 3; electronic supplementary material,
figures Slc,d, S3c, S4-S8).

Frequently, the sulcus of Jensen was located between the
first and second caudal branches of the superior temporal
sulcus (57.5% of the left and 62.5% of the right hemispheres;
figure 2a—c; electronic supplementary material, figures Sla—d,
S3a—c). In a smaller number of cases, the sulcus of Jensen
merged superficially with the first caudal branch of the supe-
rior temporal sulcus (7.5% of the left and 17.5% of the right
hemispheres; figure 2d; electronic supplementary material,
figures Sle, S3d). However, the two sulci were separated in the
depth by a submerged gyral passage. Only in 2.5% of the left
hemispheres was the sulcus of Jensen located anterior to the
first caudal branch of the superior temporal sulcus.
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Figure 2. Demonstration of the anterior intermediate parietal sulcus of Jensen (aips)) in the hemispheres of different subjects. (a) aipsJ) is clearly a downward
branch of the intraparietal sulcus (IPS); (b) aips) is a simple notch; (c) aips) is a shallow sulcus merging with the IPS; (d) aips) connects superficially with the first
caudal branch of the superior temporal sulcus (cSTS1). aipsJ, anterior intermediate parietal sulcus of Jensen; CS, central sulcus; ¢STS1, first caudal branch of the
superior temporal sulcus; ¢STS2, second caudal branch of the superior temporal sulcus; ¢STS3, third caudal branch of the superior temporal sulcus; iPoCS, inferior
branch of the post-central sulcus; IPS, intraparietal sulcus (main horizontal part of the intraparietal sulcus); IPSa, anterior ramus of the horizontal part of the
intraparietal sulcus; IPSp, posterior ramus of the horizontal part of the intraparietal sulcus; IPS-PO, paroccipital sulcus, often considered as the paroccipital part
of the intraparietal sulcus; LF, lateral fissure; PoCS, post-central sulcus; POF, parietooccipital fissure; SmgS, supramarginal sulcus; sPoCS, superior branch of the

post-central sulcus.

In 42.5% of the left hemispheres, the sulcus of Jensen and
both rami of the IPS could be clearly identified. In 32.5% of
these left hemispheres, the sulcus of Jensen was associated with
the anterior ramus of the IPS. In 55% of the right hemispheres,
both rami of the IPS and the sulcus of Jensen were observed.
In these cases, the sulcus of Jensen was associated with either
the anterior (27.5% of the right hemispheres; figure 2d; electronic
supplementary material, figure S1d) or the posterior ramus of the
IPS (27.5% of the right hemispheres; figure 2b,c; electronic sup-
plementary material, figure S1b). When the sulcus of Jensen
was associated with the posterior ramus of the IPS, it was located
posterior to the gyral passage separating the anterior ramus from
the posterior ramus of the IPS.

Note that in a few of the 80 hemispheres examined (5% of
the left and 7.5% of the right hemispheres) the classification
of the sulcus of Jensen was ambiguous, and therefore these
cases were excluded when calculating the percentage of occur-
rence of this sulcus. In over a quarter of all examined

hemispheres, a shallow sulcus or a set of dimples not con-
nected with the IPS was observed between the first and
second caudal branches of the superior temporal sulcus
(27.5% of the left and 37.5% of the right hemispheres; figure
2a,d; electronic supplementary material, figure Sle).

4. Discussion

This study investigated the morphological variations of the
IPS and the sulcus of Jensen, as well as how the latter
sulcus relates to the three caudal branches of the superior tem-
poral sulcus that invade the inferior parietal lobule and
approach the IPS. Examination of the depth of the sulci
based on a continuous series of sections demonstrated a
number of novel facts. First, despite notable interindividual
variability, the IPS can be clearly divided into two main
parts (an anterior and a posterior ramus) by a gyral passage
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Figure 3. Horizontal and coronal sections from the right hemisphere of one subject showing two rami of the intraparietal sulcus (IPS) and the anterior intermediate
parietal sulcus of Jensen (aipsJ)). (a—c) Horizontal sections. The level in the dorsoventral dimension (z-coordinate) is provided in millimetres for each section. (d—f)
Coronal sections. The level in the anterior— posterior dimension (y-coordinate) is provided in millimetres for each section. aipsJ, anterior intermediate parietal sulcus
of Jensen; CS, central sulcus; ¢STS1, first caudal branch of the superior temporal sulcus; ¢STS2, second caudal branch of the superior temporal sulcus; ¢STS3, third
caudal branch of the superior temporal sulcus; IPSa, anterior ramus of the horizontal part of the intraparietal sulcus; IPSp, posterior ramus of the horizontal part of
the intraparietal sulcus; IPS-PO, paroccipital sulcus, often considered as the paroccipital part of the intraparietal sulcus; PoCS, post-central sulcus; POF, parietooccipital

fissure; SmgsS, supramarginal sulcus; SPS, superior parietal sulcus.

that is either submerged (figures 2b,c, 3a; electronic sup-
plementary material, figures S1d, S2, S4) or visible from the
surface of the brain (figure 2d) in the majority of cerebral
hemispheres. This subdivision of the IPS proper into two
rami should not be confused with the distinction made by
Ono et al. [37] between the IPS proper and the paroccipital
sulcus (e.g. see figure on p. 67 in [37]; see also Results section
of this article). The paroccipital sulcus is an independent
sulcus that is sometimes referred to as a branch of the IPS
[34]. As demonstrated here, in over half of all cases, the pos-
terior ramus of the IPS and the paroccipital sulcus are
clearly separated by a gyral passage visible from the surface
of the brain (figure 2a,b; electronic supplementary material,
figure S1b,e). Second, this study demonstrated three main pat-
terns of the relation between the sulcus of Jensen and the IPS.
The sulcus of Jensen emerges out of the inferior bank of the
IPS, most frequently as a deep inferiorly directed branch of
the IPS (figure 2a; electronic supplementary material, figure
Sla, S3a); less frequently, it appears as a notch (figure 2b; elec-
tronic supplementary material, figure S1b, S3b) or a shallow
sulcus merging with the IPS (figures 2c, 3; electronic sup-
plementary material, figure Slc,d, S3c, S4-S8). Third, the
relationship of the sulcus of Jensen with the three caudal
branches of the superior temporal sulcus that invade the
inferior parietal lobule and approach the IPS was defined.
Most commonly, the sulcus of Jensen is located between the
first and second caudal branches of the superior temporal
sulcus, but in some hemispheres it connects superficially

with the termination of the first caudal branch of the superior
temporal sulcus (7.5% of the left and 17.5% of the right hemi-
spheres; figure 2d; electronic supplementary material, figures
Sle, S3d). In such cases, failure to examine continuous serial
sections in detail and identify the first caudal branch of the
superior temporal sulcus in the inferior parietal lobule (for
instance, see [37, p. 16]) can lead to confusion of the caudal-
most part of the first branch of the superior temporal sulcus
with the sulcus of Jensen (for instance, see fig. 9.10C on p. 71
in [37]), which might have important functional consequences.
Finally, the availability of the anatomical data in the MNI
stereotaxic space [34] has allowed us to relate the morphologi-
cal findings to functional neuroimaging data, which is
impossible to do with data that are not presented in the stan-
dard stereotaxic space. The functional significance of the
main morphological findings of this study is discussed below.

(a) The anterior and the posterior rami of the IPS may
be the homologues in the human brain of areas AIP
and LIP/PRR originally defined in the macaque
monkey brain

A major finding of this study has been the demonstration
that, in the majority of cases, the IPS consists of two main
rami and, furthermore, that the anterior ramus extends
anterior to the sulcus of Jensen, whereas the posterior
ramus extends posterior to it. In the macaque monkey,
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electrophysiological studies have identified a number of func-
tional regions on the banks and fundus of the IPS, which are
often referred to as the anterior, lateral and caudal intraparie-
tal areas [49]. The anterior intraparietal area (AIP) is located
in the anterior part of the IPS and its neuronal activity has
been linked to grasping with the hand [3-5]. By contrast,
neurons in the lateral intraparietal area (LIP), which is located
on the lateral bank of the IPS posterior to area AIP, have sac-
cade-related activity, including ongoing and anticipated
saccades, and their activity is modulated by visual attention
[6-8,10,13—14]. The posterior reach region (PRR) is located
posteromedial to area LIP in the medial bank of the IPS
and it is involved in reaching arm movements [10-11]. The
limited available evidence suggests that the border between
the AIP and LIP regions in the macaque monkey may be
placed at the same anteroposterior level as the border
between areas PF/PFG and PG (or area 7b, corresponding
to PE/PFG, and area 7a, corresponding to area PG, in an
older terminology used in macaque monkey studies) on the
free surface of the inferior parietal lobule [50-53]. A systema-
tic investigation combining single-cell recording in areas AIP
and LIP with cytoarchitectonic analysis conducted in the
same animals would be necessary to confirm this relation.

In the human brain, the cortex within the anterior ramus of
the IPS, which lies anterior to the sulcus of Jensen and forms the
medial border of areas PF/PFG of the supramarginal gyrus
[36], may be the homologue of area AIP. By contrast, the pos-
terior ramus, which lies posterior to the sulcus of Jensen and
forms the medial border of area PG [36], may be the homologue
of area LIP. The human homologue of area PRR may include
the cortical region medial to the posterior ramus of the IPS,
extending as far as the parietooccipital fissure. Thus, the
sulcus of Jensen may be an important division of the anterior
intraparietal sulcal cortex, processing information related to
high-level sensorimotor control and the cortex within the pos-
terior IPS contributing to visuospatial attentional processing.
The available functional neuroimaging data discussed below
are consistent with the above proposal.

The issue of the cortical topography of the homologues
of areas AIP, PRR and LIP in the human brain has been
addressed in functional neuroimaging studies investigating acti-
vation foci in the parietal cortex during the performance of hand
movements (grasping, reaching or pointing), saccadic eye move-
ments and visuospatial attentional processes [16—24,54—60] (for
reviews, see [25-27]; also see electronic supplementary material,
tables S1-S3). We projected the average coordinates of the
putative AIP, LIP and PRR activity reported in these functio-
nal neuroimaging studies onto an average brain template
(ICBM152 nonlinear sixth-generation model [48]) and examined
the location of the peaks with respect to the IPS morphology as
established in this study. Functional activity related to saccadic
eye movements and attentional processing, reflecting putative
area LIP, and activity related to pointing and reaching hand
movements in the putative area PRR were observed in the pos-
terior ramus of the IPS that lies caudal to the sulcus of Jensen.
By contrast, activity related to grasping hand movements,
reflecting putative area AIP, was located in the anterior ramus
of the IPS (anterior to the sulcus of Jensen) and close to the junc-
tion of the IPS with the post-central sulcus, not only in the
average-group data [24,56] (also see table 1 in [21] and table 1
in [22]), but also consistently observed in the individual subjects
(see fig. 4in [21]; [22—23]). Shikata et al. [22] localize the AIP hom-
ologue in the human brain at x = —39.6, y = —40.1, z=44.7

and x = 41.2,y = —40.6,z = 50.2 (MNI space), and similar coor-
dinates have been provided by Marangon et al. [24] (x = —42.2,
y=—431,z=517 and x=38.7, y = —35.7, z = 44.8). These
coordinates place the activity close to the gyral passage separ-
ating the post-central sulcus from the anterior ramus of the IPS
[38]. If the narrow gyral passage is visible from the surface of
the brain (figure 2b—d), then the activity appears to be located
within the inferior branch of the post-central sulcus, located ven-
tral to the IPS and the anterior ramus of the IPS. When this gyral
passage is submerged (figure 2a), the functional activity may be
found at the intersection of the post-central sulcus and the IPS,
and may extend anteroventrally into the inferior branch of the
post-central sulcus. Thus, it remains for future research to estab-
lish whether parts of the homologue of area AIP in the human
brain may extend to the cortex within the inferior branch of the
post-central sulcus.

Of particular interest is a neuroimaging experiment [20]
that used the same saccade paradigm both in humans and
macaque monkeys, namely the species in which area LIP
has been defined physiologically. The results suggested a
functional correspondence between the dorsal subdivision
of area LIP in the monkey with the posterior IPS region in
the human brain [20]. When we projected the MNI space
coordinates reported by Koyama et al. [20] in the human sub-
jects (x= —22,y= —62,z=60 and x =22, y = —62, z = 60)
onto an average brain template (ICBM152 nonlinear sixth-
generation model [48]), we observed that this putative hom-
ologue of area LIP in the human brain occurs close to the
posterior ramus of the IPS near the inferior termination of
the superior parietal sulcus. Other neuroimaging investi-
gations consistently point to the posterior ramus of the IPS
(i.e. posterior to the sulcus of Jensen) in the vicinity of the ven-
tralmost point of the superior parietal sulcus as the locus of
activation related to saccades, potentially reflecting putative
area LIP [17,19,22,54,58] (see also electronic supplementary
material, tables S1, S2). However, we must emphasize here
that the detailed relations between sulcal morphology and
LIP and PRR can only be understood from future studies that
should explicitly examine such relations at the individual sub-
ject level in the context of individual morphological variation
[28-30]. The anatomical findings of this study are a necessary
prerequisite for such an examination.

Functional neuroimaging research suggests that the homol-
ogue of PRR in the human brain may involve, as in the macaque
monkey, the superior parietal lobule, including the adjacent
cortex in the IPS and the parietooccipital fissure [18,19,59-61]
(for review, see [27]; also see electronic supplementary material,
tables S2, S3). There is evidence that on the lateral surface of the
posterior parietal cortex neural networks involved in planning
and execution of saccades (putative area LIP homologue) and
reaching and pointing hand movements (putative PRR homol-
ogue) overlap significantly; suggesting the absence of distinct
effector-specific regions (see electronic supplementary material,
table S2, and compare electronic supplementary material,
tables S1, S3). Based on the descriptions and stereotaxic space
coordinates provided in the literature (see electronic sup-
plementary material, tables S2, S3), the human homologue of
PRR may be located on the medial bank of the posterior
ramus of the IPS and also medial to it in the superior parietal
lobule. Although the individual-subject analysis by Bernier &
Grafton [59] and Medendorp et al. [58] demonstrated that the
putative homologue of PRR is located ‘within a small sulcus
running medially from the intraparietal sulcus” [58, p. 6211]
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or ‘slightly dorsal to the medial branch of IPS" [59, p. 778],
future morphological examination of the superior parietal
region is necessary to establish whether the sulcus the authors
are referring to is an independent sulcus, such as the superior
parietal sulcus, or a part of the IPS complex extending into
the superior parietal lobule.

The available evidence in the monkey suggests that the pos-
terior border of area LIP with area CIP is located in the most
posterior part of the IPS before it merges with the lunate and
parietooccipital sulci [12,15]. In the human brain, Shikata et al.
[22] localize the intraparietal region involved in saccadic eye
movements (putative area LIP) at x= —25.6, y= —57, z=
58.4and x = 26.1,y = —59.4, z = 57.6. These MNI space coordi-
nates would place LIP in the posterior ramus of the IPS as
defined in this study. Area CIP in the human brain has been
placed by Shikata et al. [22, pp. 416, 419] in a so-called ‘side
branch of the posterior intraparietal sulcus” anterior to the par-
ietooccipital fissure. The MNI space coordinates (x = —15.5,
y= —663,z=>584and x =21, y= —65.7, z= 55.9) and fig. 2
(p. 415) provided by Shikata et al. [22] allowed us to interpret
the ‘side branch of the posterior intraparietal sulcus’ as the
sulcus of Brissaud. This sulcus appears at the intersection of
the posterior end of the IPS and the paroccipital sulcus, and
therefore the available information localizes the putative area

CIP in the human brain to this intersection of the posterior
end of the IPS with the paroccipital sulcus (figure 1). We there-
fore interpret the data provided by Shikata ef al. [22] for the
human homologue of area LIP to be the posterior ramus of
the IPS until its connection with the paroccipital sulcus.
Beyond this point starts the CIP region. This is consistent with
the suggestion by Orban et al. [62] that the human LIP
homologue lies in the IPS until its confluence with the parie-
tooccipital fissure, and therefore, according to the current
morphological findings, it would consist of the posterior
ramus of the IPS and its confluence with the paroccipital sulcus.

Data accessibility. Human MRI brain scans from the International Con-
sortium for Brain Mapping (ICBM) database used in this article are
disseminated by the Laboratory of Neuro Imaging at the University
of Southern California (http://www.loni.usc.edu/). The identifi-
cation numbers of the MRI scans are provided in the Methods
section of this article.
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