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ABSTRACT

Background: The postcentral sulcus (PoCS) along with other cerebral sulci
was first depicted by an Italian Anatomist, Julius Casserius in the year 1545
and was accurately portrayed by another Italian Anatomist, Luigi Rolando in
the year 1829. It is an important structural landmark and serves as a boundary
between the postcentral gyrus and posterior parietal cortex. It plays a crucial
role in various cognitive processes. Despite of its significance, the
morphological patterns of postcentral sulcus remains underexplored. This
study aims to investigate the morphological patterns of postcentral sulcus
(PoCS) in association with surrounding sulci and gyri. Materials and
Methods: A cross-sectional analytical study was conducted on 25 whole
brains (50 hemispheres) sourced from embalmed adult human cadavers. The
postcentral sulcus was meticulously examined using established anatomical
landmarks and 3-D planes during precise dissection. Three observers ensured
reliability, and inclusion/exclusion criteria were strictly followed. Result: This
study identified various morphological patterns of PoCS in relation to its
continuity as well as in relation to the neighbouring sulci like intraparietal
sulcus (IPS), lateral fissure (LF), superior longitudinal fissure (SLF) and
marginal sulcus, with varying frequencies and distributions across
hemispheres. Our findings align with previous research, highlighting the
asymmetry and patterning of postcentral sulcus. These results have
implications for neurosurgical planning, functional neuroimaging and clinical
applications. The study limitations include sample characteristics, exclusion
criteria, methodological constraints, inability to assess functional correlates
and lack of longitudinal data. Conclusion: This study provides valuable
insights into the morphological patterns of postcentral sulcus, contributing to
our understanding of this important structural landmark. Further study using
radiological techniques may validate these findings in living subjects and
explore their functional significance further.

INTRODUCTION

such as touch, pain, temperature, vibration,
proprioception and movement.’]  Consequently,
understanding the morphology of PoCS holds

The superolateral surface of cerebral hemisphere
features a prominent sulcus called the postcentral
sulcus (PoCS). It originates in or near the
superomedial border of cerebral hemisphere, a little
behind the midpoint between the frontal and
occipital poles and run downwards and forwards
parallel to the central sulcus to end in the posterior
ramus of lateral fissure (fissure of Sylvius).!!! The
PoCS display notable morphological variability
among individuals.’l Known for its integrative
functions, the PoCS plays a crucial role in
integration of sensory information from the body,

significance for diagnosis and management of
neurodegenerative disorders of cerebral cortex and
focal cortical dysplasia in and around PoCS. ]

This study seeks to investigate the morphological
patterns of PoCS in relation to its continuity as well
as in relation to the neighbouring sulci like
intraparietal sulcus (IPS), lateral fissure (LF),
superior longitudinal fissure (SLF) and marginal
sulcus. These investigations are important for
advancing contemporary functional and structural
neuroimaging studies.-6]
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MATERIALS AND METHODS

A cross-sectional analytical study was conducted in
25 whole brains (50 hemispheres), sourced from
embalmed adult human cadavers, obtained from
Department of Anatomy and Department of
Forensic Medicine & Toxicology at Gauhati
Medical College and Hospital. Assam, India,
spanning from April 2024 to April 2025.These
cadavers were either donated for educational
purposes or utilized for medico-legal investigations.
Identification of PoCS on superolateral and medial
surfaces of brain was performed with reference to
established landmarks, including central sulcus,
posterior ramus of lateral sulcus and IPS on

superolateral surface and marginal sulcus on medial
surface of brain. The origin and termination of PoCS
were meticulously examined using sulcal depth
employing 3-D planes (e.g., sagittal, coronal and
horizontal planes) during precise dissection. The
morphological patterns of PoCS were investigated
in relation to its continuity as well as in relation to
the neighbouring sulci like IPS, LF, SLF and
marginal sulcus. Three observers were involved to
mitigate inter-observer variability, and the average
findings were considered for inclusion in the results.
The statistical analysis was done by using mean and
standard deviation and p- value was calculated using
t-test.

Table 1: Inclusion and Exclusion Criteria

SI No. Inclusion Criteria

Exclusion Criteria

1. Normal human brains collected from cadavers
donated for educational or medico-legal purposes,

irrespective of age and gender.

Morphologically damaged brains, brains with pathological lesions
and brains subjected to
post-mortem manipulation.

Central
sulcus

Intraparietal

sulcus
N ¢

Pos\terior ramus of

Postcentral sulcus lateral sulcus

Figure 1: Brain Specimen with anatomical landmark
[10,17]

Poétcentral
sulcus

Figure 2: PoCS separated into two segments [1%17]

Bifurcated

Postcentral
sulcus

Posterior ramus of lateral fissure

Figure 4: Inferior end of PoCS does not merge with
posterior ramus of LF [10:17]
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Postcentral sulcus

Intraparietal

Figure 5: Anterior end of IPS separated from all
segments of PoCS by a visible gyrus [1% 1]

Postcentral

sulcus
Marginal -]
sulcus j)

Figure 6: Superior end of PoCS merges with marginal
sulcus 10171

RESULTS

In majority of examined cerebral hemispheres, the
PoCS was separated into two segments (44%:-48%
right, 40% left) or three segments (40%:-12% right,
36% left), but in only 16% cases (20% right, 12%
left) it remains continuous.

In approximately 80% cases, the superior end of
PoCS terminates on the superolateral surface of
cerebral hemispheres. The termination of superior
end of PoCS was bifurcated in maximum number of
cases (64%:-88% right, 72% left), whereas it was
regular without bifurcation in 31% cases (48% right,
28% left). In 37% cases (48% right, 44% left),
termination of superior end of PoCS reaches SLF.

In maximum number of cases (66%:-72% right,
60% left), inferior end of PoCS does not merge with
posterior ramus of LF whereas in 48% cases (44%
right, 52% left), it merges with posterior ramus of
LF.

The anterior end of IPS merges with continuous
PoCS in 50% cases (60% right, 40% left), merges
with inferior segment of PoCS in 32% cases (20%
right, 44% left) and merges with middle segment of
PoCS in 4% cases (only 8% in left hemisphere). In
64% cases (60% right, 68% left), anterior end of IPS
is separated from all the segments of PoCS by a
visible gyrus.

In approximately 20% cases, the superior end of
PoCS terminates on the medial surface of cerebral
hemispheres. In majority of cases (12%:- 52% right,
72% left), superior end of PoCS merges with
marginal sulcus whereas in 11% cases (52% right,
56% left), it terminates posterior to marginal sulcus
and in 2% cases (3% right, 7% left), it terminates
anterior to marginal sulcus.

Table 2: Incidence and Distribution of Postcentral Sulcus (PoCS) Segmentation with Statistical Analysis

Sides Of  Cerebral | Continuous Two Segments Three Segments Mean Standard
Hemisphere (n) n (%) n (%) n (%) Deviation (SD)
Right hemisphere (25) 5(20) 12 (48) 3(12) 0.80 2.43

Left hemisphere (25) 3(12) 10 (40) 9 (36) 0.88 247

Bilateral (50) 8 (16) 22 (44) 12 (24)

Table 3: Incidence and Distribution of patterns formed by
superolateral surface with Statistical Anal

sis

Superior End of Postcentral Sulcus (PoCS) on

Sides Of Cerebral | Superior End Is | Superior End Is | Superior end reaches | Mean Standard

Hemisphere (n) Regular Bifurcated SLF Deviation
n (%) n (%) n (%) (SD)

Right hemisphere (25) 12 (48) 22 (88) 12 (48) 1.84 4.95

Left hemisphere (25) 7(28) 18 (72) 11 (44) 1.44 491

Bilateral (50) 19 31) 40 (64) 23 (37)

Table 4: Incidence and Distribution of patterns formed by Inferior End of Postcentral Sulcus (PoCS) with Posterior
Ramus of Lateral Fissure (LF) with Statistical Analysis

Sides Of Cerebral | PoCS Merges With | PoCS Doesn’t Merge With | Mean Standard  Deviation
Hemisphere (n) Posterior Ramus of | Posterior Ramus of LF (SD)

LF n (%)

n (%)
Right hemisphere (25) 11 (44) 18 (72) 1.16 3.90
Left hemisphere (25) 13 (52) 15 (60) 1.12 3.85
Bilateral (50) 24 (48) 33 (66)
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Table 5: Incidence and Distribution of patterns formed by Postcentral Sulcus (PoCS) with Anterior End of
Intraparietal Sulcus (IPS) with Statistical Analysis

IPS
1PS 1PS IPS Merges Seperated
IPS Merges Merges Merges .
. . . With From All
. With With With . Standard
Sides Of Cerebral . . . Middle Segements N
. Continuous Superior Inferior Mean Deviation
Hemisphere (n) Segment Of | Of PoCS By
PoCS Segment Segment PoCS Visible (SD)
n (%) Of PoCS Of PoCS o
n (%) n (%) n (%) Gyrus
n (%)
élsg)ht hemisphere 15 (60) 0 5(20) 0 15 (60) 1.40 391
(Lzesf; hemisphere 10 (40) 5 (20) 11 (44) 2(8) 17 (68) 1.80 3.96
Bilateral (50) 25 (50) 5(10) 16 (32) 2(4) 32 (64)

Table 6: Incidence and Distribution of patterns formed by Postcentral Sulcus (PoCS) with Marginal Sulcus on
Medial Surface with Statistical Analysis

Sides Of Cerebral | PoCS Merges With | PoCS Terminates | PoCS Terminates | Mean Standard

Hemisphere (n) Marginal Sulcus Anterior To Marginal | Posterior To Deviation (SD)
Sulcus Marginal Sulcus

Right hemisphere | 13 (52) 3(12) 12 (52) 1.16 5.10

(25)

Left hemisphere (25) | 18 (72) 7(28) 14 (56) 1.56 5.18

Bilateral (50) 31(12) 10 (2) 27 (11)

formed by inferior end of PoCS and posterior ramus
of LF between right and left hemispheres

¥ Left hemisphere

Continuous
Three
segments

]

Figure 7: Histogram showing distribution of PoCS
segmentation between right and left hemispheres

IPS merges
die

of

Figure 10: Histogram showing distribution of patterns
formed by anterior end of IPS and PoCS between right
and left hemispheres

¥ Right hemisphere

¥ Left hemisphere

PoCS reaches
SLF

Figure 8: Histogram showing distribution of patterns  Right hemisghere
of termination of superior end of PoCS on o * Left hemisphere
superolateral surface between right and left
hemispheres

Figure 11: Histogram showing distribution of patterns
formed by PoCS and marginal sulcus on medial
surface between right and left hemispheres

¥ Right hemisphere

¥ Left hemisphere

From statistical analysis of morphological patterns
of PoCS, it was found that the left hemisphere was
dominant over the right hemisphere on the basis of
some parameters like segmentation, patterns formed
Figure 9: Histogram showing distribution of patterns with anterior part of IPS and patterns formed with
marginal sulcus, whereas the right hemisphere was
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dominant over the left hemisphere on the basis of
rest of the parameters like patterns of superior end
on superolateral surface and patterns formed with
LF. The p values that were calculated by t-test were
found to be moderately significant in all
morphological patterns of PoCS, except in the
pattern formed with marginal sulcus that was
insignificant with moderate influence on dependent
variables.

DISCUSSION

Our study aimed to investigate the morphological
patterns of PoCS of cerebral hemispheres in human
cadaveric brains from Assam, India. Our findings
shed light on the anatomical importance of this
region, along with its implications for
neuroanatomical understanding, surgical planning
and functional neuroimaging. Our result align with
previous research by Lohmann and Cramon et al,
who also identified two segments of PoCS in
majority of cases (50%), followed by three segments
(24%) and only 10% of continuous PoCS. The
morphological patterns had also been documented in
other studies.!82%!

Table 7: Comparison of Morphological Patterns of Postcentral Sulcus (PoCS) between Present and Previous Studies

SIL Parameters of PoCS Lohmann and Regis et al (20 Huttner et al (30 Present Study (50
No. Cramon et al specimes) (%) specimens) (%) specimens) (%)
(30 specimens)
(%)
A) Segmentation
1) Continuous PoCS 10 18 16
2) Two Segments 58 70 44
3) Three Segments 24 50 24
B) Patterns of superior end Superior
1) end is regular 40 31
2) Superior end is bifurcated 74 64
3) Superior end reaches SLF 38 37
O) Patterns formed with LF
1) Merges with LF 50 42 56 48
2) Do not merge with LF 42 50 68 66
D) Patterns formed with IPS
Merges with continuous PoCS
1) Merges with superior segment of | 48 50 50
PoCS
2) Merges with inferior segment of | 16 18 10
PoCS
3) Merges with middle segment of PoCS | 36 40 32
Separated from all segments of PoCS
4) with visible gyrus 0 2 4
5) 42 60 64
E) Patterns formed with marginal
sulcus
1) Merges with marginal sulcus 30 42 12
Terminates anterior to marginal sulcus
2) Terminates posterior to marginal 22 24 2
sulcus
3) 26 37 11

Implications of the findings include

1) Neurosurgical planning- The precise knowledge
of PoCS morphology is crucial for neurosurgeons
planning intervention in parietal lobe and
surrounding areas. Identifying the PoCS is crucial to
preserve sensory functions during surgery.[!314]

2) Functional neuroimaging-The segmentation of
PoCS over the superolateral surface of brain are
related to somatosensory representation of different
parts of body. This finding can be supplemented by
functional neuroimaging that helps in localising
specific brain functions.[”!

3) Clinical applications- Abnormalities in the
region surrounding the PoCS have been implicated
in various neurodegenerative disorders including
epilepsy, Alzheimer’s disease, sensory processing

disorder and focal cortical dysplasia in and around
PoCS. Our study’s findings could contribute to the
diagnosis, treatment and management of such
conditions.®’

4) Functional processing- The proximity of PoCS
to the postcentral gyrus associated with sensory
processing underscores its importance in these
functions. Insights from our study could inform
research and interventions aimed at understanding
and treating sensory disorders."!

5) Neurodevelopmental disorders- Anomalies in
brain development, including variations in sulcal
patterns, have been implicated in autism spectrum
disorder and ADHD.!'?! Understanding the normal
and variant anatomy of PoCS could contribute to
early detection and intervention in such disorders.
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6) Neurorehabilitation- Knowledge of PoCS
anatomy can aid in the development of targeted

rehabilitation strategies for undergoing
rehabilitation following stroke or traumatic brain
injury.[®

Limitation(s)

1) Sample characteristics: Our study exclusively
utilized cadaveric adult human brains. The use of
cadaveric specimens may limit the generalizability
of our findings to living individuals as post-mortem
changes and preservation methods could affect brain
morphology differentially from the in vivo state.

2) Exclusion of pathological brains: Our study
excluded morphologically damaged brains, brains
with pathological lesions and brains subjected to
post-mortem manipulation. While these exclusion
criteria aimed to ensure the integrity of the
specimens, it may have introduced selection bias
and limited representativeness of our sample.

3) Methodological constraints: Identification of
PoCS and its relation with surrounding sulci relied
on manual dissection and observation, introducing
potential for inter-observer variability. Despite
efforts to mitigate this variability by involving three
observers and averaging their findings, subjective
judgements may have influenced the results.

4) Inability to assess functional correlates: Our
study focused on morphological patterns of PoCS
and did not assess functional correlates or clinical
outcomes. While anatomical knowledge is
fundamental,  future  research  incorporating
functional imaging techniques could provide a more
comprehensive understanding of the implications of
morphological patterns of PoCS.

5) Lack of longitudinal data: Our study design was
cross-sectional, providing a snapshot of PoCS
morphology at a single point of time. Longitudinal
studies tracking changes in PoCS morphology over
time could elucidate developmental trajectories and
age related variations.

Acknowledging these limitations is crucial for
interpreting the results accurately and informing
future research directions.

CONCLUSION

This study provides valuable insights into the
intricate morphological patterns of PoCS within the
parietal lobe of human cadaveric brains. Our
findings align with previous research and contribute
to comprehensive understanding of this anatomical
feature. However, further investigations involving
living subjects, coupled with fMRI analyses are
warranted to validate our observations and explore
potential  clinical implications. Despite its
limitations, this study lays a foundation for future
research aimed at elucidating the functional
significance of this sulcal structure and their

potential role in neuroanatomical variability and
cognitive function.
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