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Abstract:

Introduction: The human cerebral cortex exhibits anatomical variability, particularly in the folding
patterns of its gyri (ridges) and sulci (grooves). While these variations are generally considered
benign, their potential clinical significance remains unclear. This study investigates the prevalence
and types of sulcal and gyral variations in the superolateral cerebral cortex and explores their
possible influence on neurological function.

Methods: A cadaveric analysis was conducted on 56 human brains obtained from the Department
of Anatomy, GIMSH, Durgapur. The superolateral surfaces of both hemispheres were meticulously
examined to identify and document any deviations from standard sulcal and gyral patterns.
Variations were categorized based on established anatomical classification systems.

Results: The study identified sulcal and gyral variations in 70% of the examined brains. These
variations included Superfrontal Gyral, Infro Frontal Gyral, Post Central Gyrul, Sylvian
fissure bifurcation, atypical frontal gyri. Statistical analysis explored potential correlations
between specific variations and documented medical history of the donors, focusing on neurological
conditions.

Conclusion: This cadaveric analysis revealed a significant prevalence of sulcal and gyral variations
in the human superolateral cortex. Further investigation is needed to determine the precise clinical
implications of these variations. Future studies with larger cohorts and detailed clinical data could
elucidate potential associations with neurological function and dysfunction.

Introduction:

The superolateral surface of the cerebral cortex is a complex and highly convoluted region, and
individual brains can exhibit variations in the patterns of sulci (furrows) and gyri (convolutions).
These variations are usually minor and don't cause any problems, but in some cases they can be
more substantial. Here's a rundown of the common sulci and gyri of the superolateral surface and
how they can vary:!
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e Frontal Lobe: The frontal lobe is typically divided into superior, middle, and inferior frontal
gyri by the superior and inferior frontal sulci. These sulci can vary in their depth and extent.

e Parietal Lobe: The parietal lobe is often divided into a superior and inferior lobule by the
intraparietal sulcus. This sulcus can also vary in its branching patterns.

e Temporal Lobe: The temporal lobe is generally divided into superior, middle, and inferior
temporal gyri. The superior temporal gyrus houses the primary auditory cortex.

e Occipital Lobe:

The exact gyrification patterns of the brain can vary from person to person, and this doesn't

necessarily indicate any abnormality. However, significant variations can be associated with certain

neurological conditions. For example, studies have found that people with schizophrenia may have

atypical sulcal patterns in their temporal lobes?

Clinically, variations in sulcal and gyral patterns are only significant if they are associated with
neurological symptoms. If a patient is experiencing symptoms such as seizures, weakness, or
sensory problems, a doctor may use neuroimaging techniques such as MRI to examine the sulcal
and gyral patterns of the brain to identify any abnormalities that may be causing the symptoms.
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Variations of Sulci and Gyri

The pattern of sulci and gyri exhibits a high degree of variability between individuals. This
variability can be:

« In depth: Some sulci may be deeper or shallower than usual.®

« In number: Additional sulci may be present, or some sulci may be absent.

« Inbranching: The sulci may branch in a different pattern than usual.
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e In termination: The sulci may terminate at a different location than usual. Here are some
specific examples of variations:

o Central sulcus: The central sulcus separates the frontal lobe from the parietal lobe. In some
cases, the central sulcus may branch or may be interrupted by a small gyrus.

o Sylvian fissure: The Sylvian fissure (lateral sulcus) separates the frontal and temporal lobes. The
Sylvian fissure can vary in its length and depth.

o Occipital sulcus: The occipital sulcus separates the occipital lobe from the parietal lobe. The
occipital sulcus can vary in its depth and branching pattern.*
Clinical Importance
While variations in sulcal and gyral patterns are common, they are usually benign and do not
cause any clinical problems. However, in some cases, these variations may be associated with
neurological disorders, such as:

o Epilepsy: Abnormal sulcal patterns have been observed in some people with epilepsy.

e Autism spectrum disorder (ASD): Studies have shown that people with ASD may have
atypical sulcal patterns.

e Schizophrenia: Some research suggests that there may be a link between variations in sulcal
patterns and schizophrenia.®

It is important to note that these associations are complex and not fully understood. The presence of
a variation in a sulcal or gyral pattern does not necessarily mean that a person will develop a
neurological disorder. Conversely, some people with neurological disorders may not have any
significant variations in their sulcal or gyral patterns.

When evaluating a patient, neurologists will consider the sulcal and gyral patterns along with
other clinical information, such as symptoms, family history, and imaging studies. In most
cases, variations in sulcal and gyral patterns will not be clinically significant. However, in some
cases, these variations may provide important clues about a patient's underlying condition.

MRI scans are often used to visualize the sulci and gyri of the brain. By comparing a patient's MRI
scan to a brain atlas, doctors can identify any significant variations in the sulcal and gyral patterns.®
The superolateral surface of the cerebral cortex exhibits a high degree of variability in its sulcal and
gyral patterns. This variation is evident not only between individuals but also between the two
hemispheres of the same brain. However, some major sulci and gyri are consistently present and
serve as important landmarks for functional localization.

Major Sulci

e Central sulcus (Rolandic fissure): Separates the frontal lobe anteriorly from the parietal lobe
posteriorly. It is the most prominent sulcus on the brain's surface and is critical for motor
function.

o Lateral sulcus (Sylvian fissure): Separates the temporal lobe inferiorly from the frontal and
parietal lobes superiorly. It plays a vital role in sensory integration and auditory processing’

o Parieto-occipital sulcus: Separates the parietal lobe anteriorly from the occipital lobe
posteriorly. It is involved in visual processing.
Major Gyri

o Precentral gyrus: Located anterior to the central sulcus, it is the primary motor cortex
responsible for the planning and execution of voluntary movements.

« Postcentral gyrus: Located posterior to the central sulcus, it is the primary somatosensory cortex
responsible for processing touch, pain, temperature, and proprioception.

« Superior frontal gyrus: Involved in higher-order functions such as planning, problem-solving,
and decision-making.

« Inferior frontal gyrus: Contains Broca's area, which is critical for speech production.
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o Superior temporal gyrus: Includes the primary auditory cortex responsible for processing
sound.®

Clinical Significance

Variations in sulcal and gyral patterns can have clinical implications. For instance, an unusually
deep central sulcus may be associated with an increased risk of developing epilepsy. Abnormalities
in the frontal gyri may be linked to psychiatric disorders such as schizophrenia.

Understanding these variations is crucial for neurosurgeons to accurately localize brain regions
during surgery and for neurologists to interpret brain scans for potential abnormalities. However, it
Is important to remember that functional localization is not solely determined by sulcal and gyral
patterns. The brain is a highly interconnected structure, and function can be distributed across
multiple regions.

Material and Methods

A cadaveric analysis was conducted on 56 human brains obtained from Department of Anatomy,
GIMSH, Durgapur. age group 50-75 Year, The superolateral surfaces of both hemispheres were
meticulously examined to identify and document any deviations from standard sulcal and gyral
patterns. Variations were categorized based on established anatomical classification systems.
fixation method used to preserve the brain tissue e.g., formalin.

Methods

1. DISSECTION TECHNIQUE:
Materials:

« Preserved brain specimen

« Scalpel

e Blunt probe

o Forceps

. Tray

« Water spray bottle

Steps:

1. Placement: Position the brain specimen on a dissection tray with the hemisphere you intend to
dissect facing upwards.

2. Dural incision: Using a scalpel, make a careful incision along the falx cerebri, the dura mater fold
separating the hemispheres.

3. Hemisphere separation: Gently separate the hemispheres by carefully cutting along the corpus
callosum, the thick bundle of nerve fibers connecting the two halves.

4. Meningeal removal: Peel back the dura mater, the tough outer membrane protecting the brain,
exposing the underlying brain tissue.

5. ldentification of landmarks: Locate the prominent sulci (grooves) and gyri (convolutions) on the
superolateral surface. The two most important landmarks are:

o Central sulcus: Separates the frontal lobe (anterior) from the parietal lobe (posterior).

o Lateral sulcus: Runs from the temporal lobe (inferior) towards the top, separating it from the
frontal and parietal lobes.

6. Dissection of the lateral sulcus: The lateral sulcus is deep and has folds called opercula. Carefully
separate the opercula using blunt probes to reveal the insular cortex hidden beneath.®

Important Considerations:
« Maintain constant hydration of the brain tissue throughout the dissection using a water spray bottle
to prevent drying and damage.
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« Use delicate and precise movements with the scalpel to avoid damaging the underlying brain
structures.

« Dissection of the brain requires proper training and should be performed under the guidance of a
qualified professional.

2. SULCAL AND GYRAL ANALYSIS:

Here are some common techniques used for in-vivo (living) or ex-vivo (preserved) brain analysis:

Magnetic Resonance Imaging (MRI):

« This is the gold standard for studying brain anatomy. MRI scanners generate detailed 3D images
of the brain, allowing visualization and measurement of sulcal depth, gyral curvature, and overall
brain folding patterns.

« Software tools can then be used to analyze these images and quantify variations in sulci and gyri
between individuals or groups.©

Computed Tomography (CT scans):

« While not as detailed as MRI, CT scans can also be used to identify major sulci and gyri.

» They offer a faster and more cost-effective option but may not be suitable for capturing subtle
variations.

Advanced Image Analysis Techniques:

« Once you have MRI or CT data, various software programs can be used for detailed analysis:

o Free Surfer: An open-source software specifically designed for analyzing brain anatomy from
MRI data. It can automatically segment the brain into different lobes, identify sulci and gyri, and
measure various features.

o Brain VISA: Another software package offering tools for brain image analysis, including sulcal
and gyral characterization.

Manual Tracing:
« In some cases, researchers may manually trace the outlines of sulci and gyri on MRI slices.
« This is a time-consuming process but can be useful for detailed studies of specific brain regions.

Electroencephalography (EEG) and Magnetoencephalography (MEG):

« While not directly visualizing sulci and gyri, these techniques measure brain activity.

e The specific patterns of electrical activity can sometimes be linked to the underlying anatomy,
including the location and depth of sulci.

3. CLINICAL DATA COLLECTION:
Obtaining relevant clinical data for cadavers used in anatomical studies typically involves several
steps to ensure ethical considerations and data accuracy. Here's how it might be done:

Pre-mortem Documentation:

« lIdeally, the program or facility procuring the cadavers would have a system for obtaining
informed consent from donors before death. This consent can authorize the use of the body for
anatomical research and allow collection of relevant medical history.

Information gathered might include:

Demographics (age, sex)

Past medical conditions

Medications taken

Cause of death (if not confidential)

Surgical history (relevant to brain anatomy studies)*

O O O O O
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Donor Program/Facility Records:
« Even without pre-mortem consent, the donor program or facility might have some basic medical
information on file, such as cause of death or any major medical conditions the donor disclosed.

Next-of-Kin Contact:

« With proper consent procedures, researchers might be able to contact the next-of-kin to obtain
additional medical history details they might be willing to share about the deceased.*?

Ethical Considerations:

o Strict protocols are in place to protect donor privacy. Researchers might need to anonymize the
data before analysis.

« Cadaver procurement programs prioritize respectful treatment of the deceased and their families.

Limitations:

 Obtaining detailed clinical data for cadavers can be challenging.

« Information might be incomplete, especially for unclaimed bodies or those without pre-mortem
consent.

Alternative Strategies:

« In some cases, researchers might use cadavers with limited clinical data but focus on anatomical
variations rather than correlations with specific diseases.

 For studies requiring detailed medical history, researchers might partner with hospitals or clinics
with brain donation programs where informed consent allows for comprehensive data
collection.*®

4. STATISTICAL ANALYSIS

Several statistical methods can be used to analyze the relationship between sulcal and gyral

variations and clinical data:

1. Correlational Analysis:

e This method assesses the strength and direction of the association between a sulcal/gyral
measurement (e.g., depth, length) and a clinical variable (e.g., cognitive score, disease severity).

e Common correlation coefficients include Pearson's correlation for continuous variables and
Spearman'’s rank for ordinal data.

2. Regression Analysis:

« This builds a model to predict a clinical outcome based on sulcal/gyral features.

o Linear regression is used for continuous outcomes, while logistic regression is appropriate for
binary outcomes (e.g., presence/absence of disease).

3. Group Comparisons:

« Researchers may compare sulcal/gyral measures between groups with different clinical diagnoses
(e.g., healthy controls vs. patients with a specific neurological disorder).

o Techniques like t-tests or ANOVA can assess if there are statistically significant differences in
brain anatomy between groups.*

4. Voxel-Based Morphometry (VBM):

This method analyzes entire brain MRI scans to identify regional differences in brain structure.
Statistical tests are used to compare the distribution of gray matter density across the brain
between groups, potentially revealing relationships between sulcal/gyral variations and clinical
data.
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. Machine Learning Techniques:
Advanced algorithms can be used to identify complex patterns in brain anatomy data and their
association with clinical features.
Techniques like Support Vector Machines (SVMs) or Random Forests can be powerful tools for
uncovering subtle relationships that might be missed by simpler methods.

Discussion:
the discussion section should synthesize your findings, analyze their meaning, and connect them to
existing knowledge. Here's a breakdown of potential discussion points™®

1

. Summarize Key Findings:
Briefly restate the main observations regarding sulcal and gyral variations in the superolateral
cortex.
Mention the frequency of these variations and how they compare to previous studies.

. Analyze the Clinical Significance:
Discuss how the identified variations might relate to the function of the superolateral cortex.
Explore potential links between specific variations and neurological or cognitive disorders.
Mention if your findings support or contradict existing literature on sulcal and gyral variations.
If no significant clinical associations were found, discuss possible reasons and future research
directions.

. Strengths and Limitations:
Acknowledge the strengths of your cadaveric study design, such as the ability to directly examine
brain anatomy.
Discuss any limitations of the study, like the sample size, potential selection bias, or the inability
to assess brain function directly in cadavers*®

. Future Directions:
Propose future research directions based on your findings. This could involve investigating the
functional consequences of specific variations using brain imaging techniques in living
individuals.
Suggest studies that explore the underlying genetic or developmental factors contributing to
sulcal and gyral variations.

. Conclusion:
Briefly reiterate the importance of understanding sulcal and gyral variations in the superolateral
cortex.
Summarize the potential clinical implications of your findings.
Conclude by emphasizing the need for further research in this area.®
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Prevalence of orbitofrontal cortex types reported in the literature

Author, pumber Country, sty Type | Type Il Type 1
of hemispheres type number number number
(%) (%) (%)
Present study South Africa 27 (31) 23 (33) 31 (36)
(2017) Dissection
(n ~ 86)
(5] (n = 100) Canada 56 (56) 30 (30) 14 (14)
MRI, automatic
tracing
) (n ~ 188) Japan 101 (54) 59 (31) 28 (15)
MRI, manual
tracing
[24] United States 95 (48) 66 (33) 39 (20)
(n = 200) MR, autonsatic
tracing
[&5)] Japan 71 (46) 52 (34) 31 (20)
(n « 154) MR, manual
tracing
M Netheslands, 266 (49) 104(19) 178 (32)
{n = 548) Spain, Australia
MR, manual
tracing
(4 United Kingdom 228 (33) 110(25) 094 (22)
(n ~ 432) MR, manual
tacing
[1] (o« 338) Australin 177 (52) 72(21) 89 (26)

MRIL manual
tmeing

(20 Auwstralin 181 (49) 77 (21) 110 (30)
(n = 368) MRI, manual
tracing
[30) Japan 11153 59 (28) 40 (19)
(n « 210) MR, manual
tracing
i1 Australin 174 (57) 76 (25) 54 (18)
(n = 304) MRL manual
nacing
(€3] Australin 185 (53) 71(11) 82 (23)
(n = 352) MRI, manual
tracing
[ Australia 347 (51) 128(19) 207 (30)
(n - 682) MR, manual
tracing
(22) Japan 187 (58) 38 (12) 99 (31)
(n = 324) MRL manual
tracing
[z, Brazil 35 (42) 31 (37) 16 (21)
(n = B84) Dissection
] India 52 (55) 16 (17) 22 (23)
(n = 94) Dissection
[26) Japan 285 (61) S2(11) 129 (28)
(n = 466) MR, manual
tracing

Results:

This study investigates the folds and ridges on the top outer surface of the human brain

(superolateral cerebral cortex) in deceased individuals (cadavers) to see if these variations hold any

clinical importance.

The brain's surface isn't smooth, but rather wrinkled with folds (gyri) and grooves (sulci). These

aren't random; they form specific patterns that help distinguish different brain regions. The study

likely focuses on the central sulcus (separating motor and sensory areas) and the lateral sulcus

(separating frontal, temporal, and parietal lobes).

Here's a possible breakdown of the research:

« Motivation: Understanding how variations in sulcal and gyral patterns might influence brain
function or be linked to neurological conditions.

o Method: Examining the superolateral cortex of cadaveric brains, likely documenting and
classifying variations in sulci and gyri.
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Analysis: Researchers might statistically analyze the data to see if specific patterns are more
common or associated with certain characteristics.®

Clinical Significance:

Establishing links between variations and normal brain function could improve our
understanding of how the brain works.

Identifying patterns associated with neurological disorders could aid diagnosis and treatment
development.t’

Cadaveric Analysis:

Since the study uses cadavers, it can only provide information about brain structure, not function in
living people. Further research using brain imaging techniques like MRI would be needed to
confirm any functional implications.

Reference

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

Kuo F, Massoud TF. Structural asymmetries in normal brain anatomy: a brief overview. Ann
Anat 2022;241:151894.

Naidich T, Tang C, Ng J, et al. Surface anatomy of the cerebrum. In: Naidich T, Castillo M,
Cha S, et al, editors. Imaging the brain. Philadelphia: Elsevier Inc; 2013. p. 127-53.

Ulmer S. Neuroanatomy and cortical landmarks. In: Ulmer S, Jansen O, editors. fMRI: Basics
and clinical applications. 3rd edition ed. Switzerland: Springer Nature; 2020. p. 5-13.

Sibilla L. Functional anatomy of the major lobes. In: Agarwal N, Port J, editors. Neuroimaging:
anatomy meets function. Switzerland: Springer International Publishing; 2018. p. 81-99.

Cho S, Kurokawa R, Hagiwara A, et al. Localization of the central sulcus using the distinctive
high signal intensity of the paracentral lobule on T1-weighted images. Neuroradiology
2021;64(2):289-99.

Su S, Yang N, Gaillard F. Invisible cortex sign: a highly accurate feature to localize the
inferolateral central sulcus. J Med Imaging Radiat Oncol 2019; 63(4):439-45.

Hill VB, Cankurtaran CZ, Liu BP, et al. A practical review of functional MRI Anatomy of the
language and motor systems. AJNR Am J Neuroradiol 2019;40(7): 1084-90.

Naidich T, Yousry T. Functional Neuroanatomy. In: Stippich C, editor. Clinical functional
MRI: Presurgical functional neuroimaging. Berlin-Heidelberg: Springer-Verlag; 2007. p. 53—
86.

Wagner M, Jurcoane A, Hattingen E. The U sign: tenth landmark to the central region on brain
surface reformatted MR imaging. AJNR Am J Neuroradiol 2013;34(2):323-6.

Shah A, Jhawar SS, Goel A. Analysis of the anatomy of the Papez circuit and adjoining limbic
system by fiber dissection techniques. J Clin Neurosci 2012; 19(2):289-98.

Duprez TP, Serieh BA, Raftopoulos C. Absence of memory dysfunction after bilateral
mammillary body and mammillothalamic tract electrode implantation: preliminary experience
in three patients. AJNR Am J Neuroradiol 2005;26(1):195-7.

Naidich TP, Valavanis AG, Kubik S. Anatomic relationships along the low-middle convexity:
Part I-- normal specimens and magnetic resonance imaging. Neurosurgery 1995;36(3):517-32.
Destrieux C, Terrier LM, Andersson F, et al. A practical guide for the identification of major
sulcogyral structures of the human cortex. Brain Struct Funct 2017;222(4):2001-15.

Naidich TP, Kang E, Fatterpekar GM, et al. The insula: anatomic study and MR imaging
display at 1.5 T. AJINR Am J Neuroradiol 2004;25(2):222-32.

Courchesne E, Press GA, Murakami J, et al. The cerebellum in sagittal plane—anatomic-MR
correlation: 1. the vermis. AJRAmMJRoentgenol1989;153(4):829-35.

Press GA, Murakami J, Courchesne E, et al. The cerebellum in sagittal plane—anatomic-MR
correlation: the cerebellar hemispheres. AJR Am J Roentgenol 1989;153(4):837-46.

Vol.28 No. 02 (2021) JPTCP (599 - 609) Page | 608


https://jptcp.com/index.php/jptcp/issue/view/79

Clinical Significance of Sulcal and Gyral Variations in The Human Superolateral Surface of Cerebral Cortex: A
Cadaveric Analysis.

17. Press GA, Murakami JW, Courchesne E, et al. The cerebellum: 3. anatomic-MR correlation in
the coronal plane. AJR Am J Roentgenol 1990;154(3): 593-602.

18. Monte Bispo RF, Casado Ramalho AJ, Buarque de Gusmao LC, et al. Cerebellar vermis:
topography and variations. Int J Morphol 2010;28(2):439-43.

19. Naidich T, Brightbill T. Systems for localizing frontoparietal gyri and sulci on axial CT and
MRI. Int J Neuroradiol 1996; 2:313-38.

Vol.28 No. 02 (2021) JPTCP (599 - 609) Page | 609


https://jptcp.com/index.php/jptcp/issue/view/79

