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BACKGROUND
● The Anterior Cingulate Cortex (ACC) is a part of the brain in the medial frontal lobe that plays 

a role in regulating executive functions.
● Individual brains vary in their sulcus patterns in the ACC. While everyone has an Anterior 

Cingulate Sulcus (ACS), only 30-60% of individuals have a Paracingulate Sulcus (PCS), and some 
people only have a PCS in one hemisphere (Fornito et al., 2004). 

● Previous studies have connected PCS presence with cognitive performance, especially 
inhibitory control (Borst et al., 2014; Fornito et al., 2004; Leonard et al., 2009). 

● The ACC region is composed of an “affective” anterior region and a “cognitive/executive” mid 
region (Leonard et al., 2009). However, few studies examining the PCS have considered how 
sulcus patterns in these two regions are related to cognitive control. 

● PCS leftward asymmetry is more prevalent than rightward asymmetry (Fornito et al., 2004; 
Leonard et al., 2009), but a right-hemisphere PCS is more common in males than females 
(Leonard et al., 2009; but see Del Maschio et al., 2018). 

Research Questions: 
Which PCS patterns relate to cognitive performance?

Which PCS pattern is most common, and are there sex differences?

RESULTS DISCUSSION
• We investigated the distribution of PCS patterns across both 

hemispheres. We found that left-hemisphere asymmetric was the most 
prevalent pattern overall, in line with previous research.

• The PCS was present more often in males than in females for both 
hemispheres and in both regions. The difference was largest in the 
anterior region of the right hemisphere (54% for males, 35% for 
females).

• Previous studies had found a relationship between the presence of the 
PCS and cognitive performance, but we were unable to find a 
relationship between the two.

• One reason for the discrepancy between our findings and others’ is that 
there might be differences between participant demographics, such as 
education level, bilingualism, etc. The HCP provides very limited 
information about the subjects, so we do not know if the samples are 
similar to each other or different. 

• Some of the tasks, like the flanker task, seemed to be too easy and may 
not have provided enough variation in performance to show individual 
differences in cognitive abilities. 

• Only Leonard et al. (2009) had a large sample size like ours, but they did 
not relate the brain structure to behavior. Due to our large sample size, 
we have a larger representation of each of the sulcus patterns. 

• We excluded scans with quality-control issues from our analysis. Not 
enough information is provided for the other studies about their quality-
control and selection methods.

• Different researchers may have made different decisions about how to 
identify the PCS, especially where it starts and ends. 

• It would be interesting to investigate how hereditary versus 
environmental factors influence PCS development. 
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METHOD
Participants: 
● 169 young adults tested as part of The Human Connectome Project 
ACC Parcellation: 
● Using a sagittal slice near the midline, the Anterior Cingulate Cortex (ACC) was divided into an 

Anterior and a Mid region according to methods described in Leonard et al. (2009).
● The posterior limit of the Mid region was a vertical line that crosses the anterior commissure. 
● The division between the two regions was a vertical line that crosses the most anterior portion of the 

genu of the corpus callosum.
● The inferior limit of both regions was the corpus callosum or a horizontal line drawn at the rostrum 

of the corpus callosum.
Sulcus measurements: 
● The ACS was identified as the sulcus curving around the corpus callosum (in GREEN).
● The PCS was identified as the sulcus parallel to the ACS (in PINK).
● To separate the inferior rostral sulci from the PCS, the rostral sulci were traced in BLUE.
● The ACS and PCS were traced in each hemisphere, and the length of each trace was obtained in 

Mango.
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Incidence of PCS patterns

Anterior Mid

Anterior Male Female Male Female

LH asymmetric 23 26 23 28

RH asymmetric 11 10 15 11

Symmetric Absent 17 27 24 28

Symmetric Present 36 19 25 15

Total 87 82 87 82

Relation to cognitive performance

Data Analysis: 
● Analysis focused on the presence/absence of the PCS.
● We classified each participant into one of four 

categories based on their PCS length: 
○ Symmetrical present (≥20mm in both hemispheres)
○ Symmetrical absent (≤20mm in both hemispheres)
○ Left-hemisphere asymmetric (only LH ≥20mm)
○ Right-hemisphere asymmetric (only LH ≥20mm)

● To investigate the effect of PCS pattern on cognitive 
abilities, we conducted a series of one-way ANOVAs for 
19 cognitive tasks.
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