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Chapter 6

Distinct connectivity patterns in

clusters of inferior parietal cortex

This chapter is based on:

Tabassi Mofrad, F., & Schiller, N. O. (under review). Distinct connectivity
patterns in clusters of inferior parietal cortex.
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Abstract

The inferior parietal cortex (IPC) is a complex brain region with the
rostral, the middle and the caudal clusters, and functionally connected to
several other cortical areas. Various cognitive functions are suggested to
be governed by the IPC, however, due to ignoring the tripartite structure
of this part of the brain, contradictory research reports abound in the
literature. Here, we address the functional connectivity behaviour of the
clusters of the IPC and point out that only the rostral cluster of this parietal
area is involved in cognitive control and not the whole IPC. We also
explicate the unique connectivity profiles of the middle and the caudal
clusters of this part of the cortex which are not accommodated by the
traditional classification of brain areas as either being task-based or being
related to the resting-state functionality of the brain. The middle and the
caudal IPC demonstrate negative functional associations with cortical
areas involved in general cognitive functions, executive functions, in
addition to the precuneus cortex, proportional to cognitive demand, in a
modulating manner.
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6.1 Introduction

The inferior parietal cortex (IPC) is usually known as being involved in
executive functions, such as attention, memory, and processing language
(Bareham et al., 2018; Buchsbaum & D'Esposito, 2011; Bzdok et al.,
2016). However, such roles for the IPC are contrasted with some other
research findings that consider this cortical area part of the default mode
network (Doose et al., 2020; Mars et al., 2012; Raichle, 2015) - which
decreases its activity when our brain is focused on explicit tasks
(Smallwood et al., 2021) — and such contradictory findings about the
functions of the IPC have remained in the literature for years.

According to the structural properties of the IPC, this part of the brain
consists of three clusters, namely, the rostral, the middle and the caudal
(Caspers et al., 2006; 2008). However, in investigating the functions of the
IPC, previous research considered this part of the cortex as a whole,
regardless of the fact that each cluster of the IPC has a different
transmitter receptor-based organization and thus they might have
different functions. Research on the white matter connectivity of the IPC
in addition to the diffusion-weighted magnetic resonance imaging also
point to the cytoarchitectonically different areas of the IPC (Caspers et al.,
2013; Ruschel et al., 2014).) reflected by its clusters. Yet, until the time we
mapped the functional connectivity of the clusters of the IPC, no studies
had investigated the contribution of the rostral, the middle and the caudal
IPC to cognitive control in a comparative manner, while that could have
addressed the contradicting reports on how IPC functions.

Based on the idea that the functional characteristics of the sub-regions
of the IPC are underlined by their structural organization and given the
inconsistent nature of research findings regarding the IPC, under the same
experimental conditions we investigated the functional connectivity
profiles of the clusters of this cortical area in a task which required
cognitive control, with two different levels of cognitive demand. In this
perspective, research findings from our comprehensive project in map the
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functional connectivity of the clusters of the IPC are presented and
discussed, starting with the contribution of the rostral IPC to cognitive
control, followed by unique connectivity profiles of the caudal and the
middle IPC. The objectives are to highlight the fact that this is only the
rostral IPC that contributes to cognitive control in the frontoparietal
network (FPN) - not the whole IPC - and to emphasize that the
connectivity patterns of the middle and the caudal IPC characteise these
two parietal areas with distinctive features which are unaccommodated by
traditional categorization of brain areas as either being involved in task
performance or being related to the resting-state functionality of the brain.

6.2  Contributions of rostral IPC to cognitive control

The rostral IPC is the only cluster of this cortical area that is involved in
cognitive control. Under the more demanding context of cognitive
control, the rostral IPC has negative functional couplings with the superior
frontal gyrus, the postcentral gyrus, and positive association with the
cerebellum (the posterior lobe, the declive). Regarding the postcentral
gyrus, the location of the primary somatosensory cortex, previous studies
reported positive functional connectivity between this brain area and the
FPN in individuals with better performance in executive functions during
resting state fMRI (Reineberg et al., 2015). However, since we used task-
based fMRI, the decreased functional connectivity between the rostral IPC
and the superior frontal gyrus contributes to cognitive control. Besides,
the cerebellum is known to contribute to higher order cognitive functions
(Bellebaum & Daum, 2007), in addition to being part of the language
control network (Green & Abutalebi, 2013; Krienen & Buckner, 2009).
Thus, the positive functional connectivity of the rostral IPC and the
cerebellum corroborates previous findings of the involvement of these

two brain areas in cognitive control (see Figure 6.1).
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Figure 6.1

Demonstration of brain areas that the rostral IPC is functionally connected with, in the more demanding

context.

Note. The yellow color demonstrates brain areas that the rostral IPC (shown in cyan) is
functionally connected with, in the more demanding context of cognitive control. The
descriptions of each row are as follows: A) negative functional connectivity of the left
rostral IPC with the superior frontal gyrus and the precuneus cortex, B) negative
functional connectivity of the right rostral IPC with the postcentral gyrus and the
precuneus cortex, C) positive functional connectivity of the right rostral IPC with the

posterior lobe of the cerebellum.

Under the same experimental conditions, both the right and the left
rostral IPC have negative functional connectivity with the precuneus
cortex. When brain processes external stimuli, the precuneus cortex
reduces its activity relative to the degree of the difficulty of the task. That
is, the more difficult the task is, the more negative activity of the precuneus
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cortex would be observed (Dang, O'Neil & Jagust, 2013); hence, the
reason the rostral IPC, as a task-related cortical area, demonstrate negative
functional connectivity with this part of the brain.

Figure 6.2

Demonstration of brain areas that the rostral IPC is functionally connected with, in the less demanding

context.

Note. The yellow color demonstrates brain areas (the precentral gyrus and the anterior
division of the cingulate gyrus) that the right rostral IPC (shown in cyan) has positive
functional connectivity with, in the less demanding context of cognitive control.

Regarding the less demanding context of the cognitive control, the
right rostral IPC has positive functional connectivity with the anterior
cingulate cortex (ACC) and the precentral gyrus. The ACC, as part of the
control network (Abutalebi & Green, 2008, 20106), is involved in e.g.
speech monitoring (Christoffels, Formisano, & Schiller, 2007) and
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monitoring the conflict between languages (Abutalebi et al., 2012).
Therefore, the positive coupling of the rostral IPC and the ACC, by
forming a strong circuit results in better task performance. Moreover, our
findings elucidated that the connectivity of the rostral IPC with the
precentral gyrus brings about a facilitatory function in cognitive control
(see Figure 6.2).

6.3  Unique connectivity profile of caudal IPC

The caudal IPC, however, is characterized with entirely different
connectivity patterns from those of the rostral IPC. In fact, this part of
the cortex has no similarity to a cognitive control area (Tabassi Mofrad &
Schiller, 2022), in particular by having negative functional connectivity
with the ACC (Tabassi Mofrad & Schiller, 2020) which is heavily involved
in processing cognitive control (Braem et al., 2017; Brockett et al., 2020).
Besides, regardless of degree of the cognitive demand, the left caudal IPC
has negative coupling with the frontal pole, the anterior part of the
prefrontal cortex, which contributes to cognitive control (Hartogsveld et
al., 2018; Menon et al,, 2022; Zanto & Gazzaley, 2013); such negative
functional associations of the caudal IPC with cognitive control-related
parts of the cortex evidence that the caudal IPC is not involved in
processing cognitive control in the FPN (see Figures 6.3 & 6.4).

The caudal IPC also has negative functional connectivity with
different parts of the visual cortex when the task requires cognitive
control. In comparison, under the more demanding context of the
cognitive control, the caudal IPC demonstrates negative functional
connectivity with the fusiform gyrus, posterior division, the cuneal cortex,
the lateral occipital cortex, the inferior division, and the lingual gyrus;
under the less demanding context of the cognitive control, the caudal IPC
has negative functional connectivity with the lateral occipital cortex, the
superior division (Tabassi Mofrad & Schiller, 2022). Thus, more cognitive
demand results in more negative functional connectivity of the caudal IPC
with different parts of the visual cortex.
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Figure 6.3

Demonstration of brain areas that the candal IPC is functionally connected with, in the more demanding

context.

Note. The yellow color demonstrates brain areas that the caudal IPC (shown in cyan) is
functionally connected with, in the more demanding context of cognitive control. The
descriptions of each row are as follows: A) negative functional connectivity of the left
caudal IPC with the precuneus cortex, the inferior and posterior divisions of the lateral
occipital cortex, the frontal pole, the anterior division of the cingulate gyrus, the posterior
division of the temporal occipital fusiform and the lingual gyrus, B) positive functional
connectivity of the left caudal IPC with the IPC caudal cluster left (PGa), C) negative
functional connectivity of the right caudal IPC with the cuneal cortex.

While positive coupling between brain areas in the FPN and the visual
cortex would result in better cognitive abilities such as word recognition
(Twait & Horowitz-Kraus, 2019) and reading (Horowitz-Kraus &
Holland, 2015), lack of a positive fluctuation between the caudal IPC and
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different parts of the visual cortex - the type of functional connectivity
which is dissimilar to those of cognitive control related parts of the brain
- demonstrates that this parietal area is not involved in other cognitive
functions either.

Figure 6.4

Demonstration of brain areas that the candal IPC is functionally connected with, in the less demanding

context

Note. The yellow color demonstrates brain areas (the inferior and posterior divisions of
the lateral occipital cortex and the frontal pole) that the left caudal IPC (shown in cyan)
has negative functional connectivity with, in the less demanding context of cognitive

control.

Our research findings also revealed that the caudal IPC has negative
functional association with the precuneus cortex which is active when
brain is not processing external stimuli. Taking into account that cortical
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areas that are involved in task performance decrease activity during the
resting state, and those parts of the cortex that are active in the absence of
external stimuli decrease activity when doing a task, the negative functional
connectivity of the caudal IPC with the precuneus cortex indicates that
this parietal area is not resting state related. Likewise, the negative
couplings of the caudal IPC with cognitive control areas evidence that this
part of the cortex does not contribute to cognitive control in the FPN.
Furthermore, the negative functional connectivity of the caudal IPC with
different parts of the visual cortex demonstrates that this brain area is not
involved in general cognitive functions. Thus, the caudal IPC is not a task-
related part of the brain.

Having negative connectivity patterns with both the resting state and
the task based-related cortical areas charactetize the caudal IPC with
distinctive features, highlighting that the traditional categorization of
different cortical areas into resting state and task related does not
accommodate the functions of this parietal area. This part of the brain
functions in a modulating manner, in the sense that the deactivations of
the caudal IPC, relative to cognitive demand, contributes to task
performance. The more difficult the task is or rather the higher the
cognitive demand 1is, the more the number of negative functional
connectivity of the caudal IPC with both task and resting state-related
parts of the cortex would be observed.

6.4  Connectivity profile of middle IPC

According to our findings, the connectivity patterns of the middle IPC are
very similar to those of the caudal IPC (Tabassi Mofrad & Schiller, 2023),
by having negative couplings with different parts of the visual cortex, the
precuneus cortex, in addition to the anterior division of the cingulate
gyrus, and the paracingulate gyrus, which are cognitive control-related
parts of the brain (Jobson et al., 2021; Kragel et al., 2018).

In previous studies, the functions of the cingulate gyrus anterior
division, in different executive functions such as decision making, task
monitoring, error prediction (Khamassi et al., 2015; Shenhav et al., 2016;
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Silvetti et al., 2013) and the involvement of the paracingulate gyrus in
cognitive control (Kragel et al.,, 2018) have been elaborated on. The
negative functional connectivity of the middle IPC with such brain areas
underline that the middle IPC does not contribute to cognitive control
either.

Figure 6.5

Demonstration of brain areas that the middle IPC is functionally connected with, in the more demanding
context.

Note. The yellow color demonstrates brain areas that the middle IPC (shown in cyan) is
functionally connected with, in the more demanding context of cognitive control. The
descriptions of each row are as follows: A) negative functional connectivity of the left
middle IPC with the precuneus cortex, the inferior division of the lateral occipital cortex,
the anterior division of the cingulate gyrus, the occipital fusiform gyrus, and the lingual
gyrus, B) negative functional connectivity of the right middle IPC with the precuneus
cortex and the intracalcarine cortex.

The negative functional associations of the middle IPC is influenced
by cognitive demand, with the more cognitively demanding condition,
resulting in more negative functional couplings with other parts of the
brain (see Figures 6.5 & 6.6). Besides, the negative functional associations
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of the middle IPC do not indicate that this part of the brain is resting state-
related because of its negative coupling with the precuneus cortex — a brain
area with reduced activity when performing a task. Furthermore, the
middle IPC has negative connectivity with different parts of the visual
cortex; improving cognitive performance, by better visualizing the stimuli,
is the result of positive functional coupling of brain areas involved in
cognitive control with the visual cortex. The absence of such positive
functional associations of the middle IPC with e.g. the lateral occipital
cortex, the occipital fusiform gyrus, and the lingual gyrus emphasize that
this parietal area does not contribute to general cognitive functions and is
not a task-related part of the cortex.

Figure 6.6

Demonstration of brain areas that the middle IPC is functionally connected with, in the less demanding

context.

Note. The yellow color demonstrates brain areas (the inferior and posterior divisions of
the lateral occipital cortex, the paracingulate gyrus and the anterior division of the
cingulate gyrus) that the left middle IPC (shown in cyan) has negative functional

connectivity with, in the less demanding context of cognitive control.
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The connectivity profile of the middle IPC has highlighted the
distinctive functions of this part of the cortex, characterized with
deactivations in functionally coupling with other brain areas, in a
modulating manner, proportional to the level of cognitive demand. In fact,
the connectivity patterns of the middle IPC, similar to those of the caudal
IPC, are not explained by the classic categorization of brain areas as
resting-state and task-related, which advanced our hypothesis about

modulating cortical areas.

6.5 Conclusion

The connectivity profiles of the clusters of the IPC elucidate that it is not
the whole IPC that is involved in cognitive control but only the rostral
cluster of this brain area (Tabassi Mofrad & Schiller, 2020) - with the
middle and the caudal IPC demonstrating negative associations with parts
of the brain that are engaged in executive functions (Tabassi Mofrad &
Schiller, 2022; 2023). In previous studies, by ignoring the tripartite
structure of the IPC, if the experimental conditions necessitated cognitive
control, the functions of the rostral IPC were generalized to the whole
IPC. However, if the experiment was conducted during the resting state
or in the absence of an explicit task, the negative functional associations
of the middle and the caudal IPC were considered representative of the
whole IPC; hence, the contradictory research results on how this part of
the brain functions.

Given the unique connectivity profiles of the middle and the caudal
IPC, we considered modulating roles for these parietal areas, which
demonstrate negative functional couplings with different parts of the
visual cortex, cognitive control-related parts of the brain and with the
precuneus cortex (Tabassi Mofrad & Schiller, 2022; 2023); the more
difficult the task is, the more negative functional associations of these
clusters of the IPC with other brain areas would be observed, while their
connectivity profiles make them dissimilar to task-related and resting
state-related parts of the cortex. In fact, the functional connectivity
patterns of the middle and the caudal IPC evidence that the traditional
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categorization of brain areas does not accommodate the functions of such
clusters of the IPC; the functional associations of the middle and the
caudal IPC have highlighted another brain functional category beyond the
classic definitions, as modulating cortical areas, the functional connectivity
of which are disparate from parts of the cortex involved in task
performance and brain areas related to the resting state functionality of
the brain.
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