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Individual differences, missing sulci, and nomenclature:
A comment on “On presentation of the human cerebral sulci

from inside the cerebrum”

Nowinski (2023) proposes a methodology and brain atlas utilizing
the inner cortical surface to visualize human cerebral sulci in three
dimensions, which allows improved visualization of sulcal relation-
ships. For example, sulci located on the medial portion of the brain
can be viewed simultaneously relative to sulci located on the lateral
surface of the brain. This is in contrast to most software packages
and brain atlases that require separate views of the brain to visu-
alize sulci on the medial and lateral surfaces (Figure 1). Given that
sulcal morphology has cognitive and clinical implications (Cachia
et al., 2021), this atlas and tool together show promise to have “edu-
cational value” as proposed by Nowinski (2023). Nevertheless, in this
Letter, we highlight that the present work is also limited in that it (i)
overlooks individual differences in cortical folds, (i) is missing sulci,
and (iii) only includes one sulcal nomenclature.

First, in terms of individual differences of cortical folds, prominent
sulci that are often depicted as one long, deep structure in atlases can
be broken up into variable “complexes” in an individual hemisphere in
which this variability is functionally meaningful. Complexes refers to

(a)

the fact that annectant gyri, or pli de passage, “break up” the sulcus
into multiple pieces (Mangin et al., 2019). Often, this morphological
variability is related to individual differences in functional brain orga-
nization and/or cognitive performance. For example, while the long,
deep, and prominent central sulcus (CS) is shown as a single, con-
tinuous cortical fold in the present work, it can be separated into as
many as five separate segments in a given hemisphere based on the
presence of buried gyri (Eichert et al., 2021). This variability across
individuals corresponds with variability in functional organization
related to motor movement (Germann et al., 2020). The relationship
between variability in sulcal morphology and individual differences
in functional organization is not specific to the CS but also extends
to other sulci: the pre- and post-central (POCS) sulci (Germann &
Petrides, 2020; Zlatkina et al., 2016) and superior frontal sulcus
(Amiez & Petrides, 2018) are just three additional examples due to
space limitations of this Letter (Figure 1a).

Second, if the present atlas is to be used as an educational tool,
readers and students should be aware that this example brain is missing

(b)

FIGURE 1 Visualizing sulci on the outer (lateral) and inner (medial) surface of the cerebral cortex, but what about missing sulci? (a)

Left hemisphere FreeSurfer inflated cortical reconstruction (gyri: light gray, sulci: dark gray) from an example Human Connectome Project
participant (neuroimaging data from https://db.humanconnectome.org/) focused on the lateral prefrontal cortex (LPFC; inset for the
location of the zoomed portion). LPFC sulci have been manually defined (outlined) based on the most recent atlas (Petrides, 2019) and
published previously in this individual (Miller et al., 2021; Willbrand et al., 2023). Red sulci are those excluded from the present tool,
whereas blue sulci are those included. (b) Same format as (a), but for a medial PFC view. Note that two separate views are necessary to
visualize sulci on the lateral and medial sides of the cerebral cortex in FreeSurfer, while Nowinski's method allows the visualization of both
simultaneously. Nevertheless, as an educational tool, this atlas does not address individual differences in prominent sulci such as the central
sulcus (CS), precentral sulcus (PRS), postcentral sulcus (POCS), and superior frontal sulcus (SFS), or the fact that some sulci can be present
in one hemisphere and not in another—even in the same individual. For example, only ~70% of hemispheres have a present or prominent
paracingulate sulcus (PCGS; red) that is located above the cingulate sulcus (CGS; blue; Amiez et al., 2021).
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sulci. That is, not every sulcus is present in every hemisphere. Though
many variable sulci excluded in the present work are small and shallow
(outlined in Figure 1), which are not the focus of the present work,
some are prominent. For example, the paracingulate sulcus (PCGS) is
absent in the proposed educational tool/atlas. The PCGS is a promi-
nent longitudinal sulcus parallel to the cingulate sulcus (Figure 1b) that
is identifiable in ~70% of hemispheres (Amiez et al., 2021). The pres-
ence of the PCGS is cytoarchitecturally, functionally, cognitively, and
clinically relevant, as well as is a hominoid-specific structure (Amiez
etal., 2021; Amiez & Petrides, 2014; Cachia et al., 2021).

Third, it is important for readers of the journal who may be unfa-
miliar with brain anatomy and students who may use this atlas to be
aware that there are many names for the same sulcus or gyrus. This
issue stems all the way back to one of the first atlases to begin to col-
late the many names proposed by different anatomists (Ecker, 1869)
and is an issue that continues to the present day (Ten et al., 2018;
Weiner & Zilles, 2016; Willbrand & Parker, 2022). One such example
is the “superior occipital sulcus” labeled in the present work that is
now commonly referred to as the paroccipital sulcus (Petrides, 2019),
which was labeled as such by Wilder (1886).

Of course, the three issues raised in this Letter are not only rel-
evant for providing the most accurate research tools for educating
future neuroanatomists, but also for future neurosurgeons as sulci
are used as “corridors,” or entry points, in neurosurgery (Ribas
et al., 2006; Tomaiuolo & Giordano, 2016). Finally, these three is-
sues are not limited to the present work and reflect ongoing issues
in the broader neuroanatomical field that require further discussions

among neuroanatomists moving forward.
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