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Abstract

Objective: Sulci and gyri of the cerebrum can be easily

identified with the aid of radiology but are difficult to

locate during surgical operations, owing to anatomical

variations and the surgical approach of the sulci through

a small aperture. Therefore, this study was performed to

locate the main sulci of the brain by using various

anatomical landmarks in cadaveric brain specimens and

CT scan images.

Methods: In 31 cadaveric brain specimens (17 right and

14 left hemispheres) from people of unknown sex, 21

parameters associated with important sulci of the brain

were studied. CT scan images for 150 patients in three age

groups were examined. The patient IDs were categorized

into 50 patients in each of the following age groups: 20

e40 yr, 41e60 yr and 61e80 yr. Ten parameters were

studied. The data were statistically analyzed in SPSS

software.

Results: In the cadaveric brain specimens, comparisons of

right and left hemispheres indicated that only the posterior

part of the calcarine sulcus showed a significant difference

(p ¼ 0.0394). In CT scans within each age group, com-

parison of the right and left sides in males and females

showed significant differences for many parameters (e.g.,

calcarine sulcus to occipital pole: right p ¼ 0.0025; left

p ¼ 0.0009). Comparisons between male and female pa-

rameters also showed significant differences.
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Conclusion: This study aids in identifying the important

functional areas of the brain situated near the sulci, given

that the sulci are connected to the gyral functions and act

as a barrier for the gyri. The findings may facilitate

neurosurgery operations.

Keywords: Calcarine sulcus; Central sulcus; CT scan; Lateral

sulcus; Neurosurgeons

� 2023 The Authors.
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Introduction

Cerebral sulci are the furrows or depressions that
demarcate the highly convoluted external surfaces of the
brain hemispheres into a series of folds called gyri. These
sulci are the extension of the subarachnoid space. They are

referred to as fissures when they are deep and anatomically
consistent. The primary sulci are 1e3 cm deep, and their
walls include tiny interlinked gyri (transverse gyri). The

frontal, parietal, occipital, temporal, insular and limbic lobes
are categorized according to the primary cerebral sulci and
gyri. Superomedial, inferolateral, medial orbital and medial

occipital borders divide the superolateral, medial and infe-
rior (basal) surfaces of each cerebral hemisphere. The sulci
on the hemisphere’s superolateral and inferior surfaces are
typically pointed in the direction of the closest ventricular

cavity.1 Therefore, they are also known as the primary
microanatomical borders in neurosurgery, because they
serve as a point of entry and a path through which surgery

can reach the ventricles or deeper lesions.2

The central, callosal, calcarine, parieto-occipital and
collateral sulci, and commonly the lateral fissure, are typi-

cally continuous.1 The most consistent (main) sulci are easily
distinguished in all normal individuals and show clear
relationships with the major functional areas.3

The deepest sulci regions develop early and maintain their
individuality. Later, more intricate (and variable) surface
folds develop. Quantitative analyses of individual diversity
has revealed that deeper brain tissues show relatively low

variety and high uniformity among various sulci types.
Compared with superficial sulci, deeper sulci show less in-
dividual variation.3

The frontal and parietal lobes are separated by the central
sulcus (CS). It demarcates or separates the principal motor
and somatosensory regions of the cortex, which are located

in the precentral and postcentral gyri, respectively. The CS
begins in or near the superomedial border (SMB) of the
hemisphere, slightly behind the midpoint between the frontal
pole (FP) and occipital pole (OP), runs sinuously downward

and forward, and typically ends just above the posterior
ramus of the lateral sulcus (LS). In both hemispheres, the CS
is often continuous, resembling a lengthened letter S.1

On the superolateral surface of the cerebrum, the LS is the
most prominent identifying feature. The sulcus and the syl-
vian cistern present beneath it form the most commonly used
microneurosurgical corridor, because many cerebral lesions
can be reached through this point of entry.2 The convergence

of the anterior, ascending and posterior branches (rami) of the
LS is known as the anterior sylvian (AS) point.2 The AS point
is surgically important because of the presence of temporal

and frontal veins 10e15 mm in front of the AS point and
branches of the medial cerebral artery in its deeper region.4,5

The occipital lobe, an essential part of the central nervous

system, controls vision. Examinations of this lobe typically
focus on its sensory capabilities and the incorporation of the
visual pathway.6 Its medial surface is traversed by the
calcarine sulcus (CalS) and parieto-occipital sulcus (POS).

The striate cortex (region 17), which is located in deep regions
and the vicinity (surrounding) of the CalS, extends briefly to
the lunate sulcus (LunS) on the lateral side of the cerebrum

(approximately 1 cm). A “Y” shaped pattern enables easy
identification of the CalS and POS. The stem of the “Y” in-
dicates the anterior part of CalS, and the two arms indicate the

posterior part of the CalS and POS.7 The lateral ventricle
shows an elevation called the calcar avis in its posterior
horn, which relates to the deeply folded cortical region of
the anterior section of the CalS.8 The POS originates at the

medial surface from the CalS, extends to the SMB, runs up
and back, and finally terminates on the superolateral
surface. The CalS occasionally meets the LunS, which is not

always present and is often oriented vertically.9 Magnetic
resonance imaging (MRI) allows for the identification of
these sulci, thus aiding in mapping of the various striate

regions in the occipital lobe. However, these sulci show
substantial variations.6

Sulci and gyri of the cerebrum can be easily identified with

MRI but are difficult to locate during surgical operations
because of anatomical variations; the surgical approach of
the sulci through a tiny opening; and the presence of nearby
structures, such as the arachnoid mater, cerebrospinal fluid

and arteries.2

The two most prominent sulci on the superolateral surface
of the cerebrum are the CS and LS. The parietal lobe is

separated from the occipital by the POS, and the CalS is pre-
sent in the occipital lobe and is easily observable on themedial
surface. A considerable number of studies have examined the

cerebral sulci, measuring their length, depth and shape, to aid
in approaching the deeper structures.2e4,6,9 To our knowledge,
many cadaveric brain specimen studies andMRI studies have

been conducted on various cerebral sulci. However, no such
studies have used CT. Therefore, the current study was
aimed at measuring the main sulci of the brain by using
various parameters in cadaveric specimens and CT scans, to

help anatomists, radiologists and surgeons better localize the
sulci and its neighboring functional areas. Understanding of
the measurements of these sulci should help radiologists and

surgeons approach deeper structures, such as ventricles and
subcortical lesions, and perform surgery on the important
functional areas located near the sulci.

Materials and Methods

In the current study, cadaveric adult brain hemispheres on
both sides (right and left) were examined. The sample size
was 31, which consisted of 17 right and 14 left cerebral

hemispheres in cadavers of unknown sex. These specimens

http://creativecommons.org/licenses/by-nc-nd/4.0/
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were preserved in 10% formalin solution. The age group of
these specimens was 60e80 yr, and no pathological disorders

were present. Before the study was started, institutional
ethical clearance was obtained (IEC: 760/2021). A total of 21
parameters for the measurement of the sulci and its neigh-

boring areas were assessed. The equipment used for the
measurements included Vernier calipers, thread, a scale and
beaded pins (used to mark reference points). Meningeal

coverings were not present, except the firmly adherent pia
mater; blood vessels required removal to visualize the sulci
clearly. Care was taken not to harm the tissue.

The anatomy of the four main sulci of the cerebrumdthe

CS, LS, CalS and POSdwas studied; these sulci were iden-
tified in the specimens.

The parameters measured in the cadaveric brain speci-

mens were as follows (Figures 1 and 2):

� Length of the CS, measured from the beginning point, by

marking on the medial surface (upper part) to the termi-
nation point of the sulci appearing on the superolateral
surface, several millimeters above the LS

On the medial surface:

� Distance of the CS from the FP
� Distance of the CS from the OP

� Distance of the CS from the midpoint of the line joining
the FP and OP, taken on the medial surface

� Length of the anterior part (A) of the CalS

� Length of the posterior part (P) of the CalS
� Length of the POS from the bifurcation point to the SMB
� Distance from the posterior end of the splenium to the
termination of the CalS in the OP

� Splenium to calcarine-parieto-occipital bifurcation
� Splenium to parieto-occipital end
� POS end to CalS end

� LSestem length

On the superolateral surface:

� Distance of LS from the inferior margin of the inferior

temporal gyrus (ITG)
� Distance of the LS from the superior temporal gyrus
(STG)

� Distance from the superior Rolandic (SR) point to the
inferior Rolandic (IR) point

� Distance of the AS point from the FP
� Distance of the AS point from the OP

� AS point to the termination of the anterior ramus
� AS point to the termination of the posterior ramus
� AS point to the termination of the ascending ramus

� Distance of the terminal point of the LS from the OP

In addition, the CT scan images of 150 patients who
presented to the hospital with mild headache and related
symptoms were assessed, according to three age groups. The
sample size was calculated with an effect size of 0.6, power of

80%, error of 0.05 and 5% significance with the formula:
n ¼ z2 � ϭ2/d2,

where
n ¼ sample needed
z ¼ value of normal standard distribution
ϭ ¼ standard deviation

d ¼ absolute precision

The patient IDs were collected from the medical records

department, and no patients were found to have brain ab-
normalities or disorders. The patient IDs were categorized
into 50 patients in each of the following age groups: 20e
40 yr, 41e60 yr and 61e80 yr. Each patient’s medical record
was opened, and CT scan images of the brain were selected in
InstaRad viewer 2.0. The axial plane was used to locate the

CS, and the sagittal plane was used for the measurement of
parameters in the CT scan images of every patient. The
sagittal plane images comprised 5 mm brain slices from side
to side; 5 mm slices before the mid-sagittal line were on the

right hemisphere, and 5 mm slices immediately after the mid-
sagittal line were on the left hemisphere. In the correspond-
ing slices, measurements of possible parameters in centime-

ters were collected from the right and left sides with a ruler.
The measurements taken from CT scan images included

(Figures 3 and 4):

� Distance of the CS from the FP
� Distance of the CS from the OP

� Distance of the CS from the midpoint of the line joining
the FP and OP, taken on the medial surface

� Length of the anterior part(A) of the CalS

� Length of the posterior part (P) of the CalS
� Length of the POS from the bifurcation point to the SMB
� Distance from the posterior end of the splenium to the

termination of the CalS in the OP
� Splenium to calcarine-parieto-occipital bifurcation
� Splenium to parieto-occipital end
� POS end to CalS end

Because the 5 mm slice near the mid-sagittal line almost

showed the medial surface of each hemisphere of the brain,
we were able to measure the above described parameters. The
remaining parameters could not be measured on the

superolateral surface because the surface was uneven.

Statistics

The data were statistically analyzed in Microsoft Excel.
Results from morphometric analysis are presented as
mean � standard deviation (SD). Data were found to be

normally distributed; hence, independent t-tests were used to
compare the right and left hemispheres in the cadaveric age
group (60e80 yr). Independent t-tests were also used to

compare the right and left sides of cadaveric specimens, and
the CT images of the 60e80 yr age group. The right and left
side values for each parameter in males and females were
compared within each age group of CT with paired t-tests.

CT comparisons among the three age groups were conducted
with one way ANOVA. Results with p values less than 0.05
were considered statistically significant. Comparisons be-

tween the right and left sides of cadaveric specimens and the
CT images in the 60e80 yr age group were performed with
independent t-tests.
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Results

The sample distribution by sex is shown in Table 1. In the

cadaveric brain specimens, the reference points of all
Figure 2: Measurements of the calcarine and parie

Figure 3: Measurements of the

Figure 1: Measurements of the central and la
parameters in 31 hemispheres (17 right and 14 left) were
relevant and easily identified. The length of the CS and

distance from the SR point (the meeting point of the
superior extremity of the CS and interhemispheric fissure)
to-occipital sulci in cadaveric brain specimens.

central sulcus in CT scans.

teral sulci in cadaveric brain specimens.



Figure 4: Measurements of the calcarine and parieto-occipital sulci in CT scans.
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to the IR point were examined on the superolateral surfaces
of all 31 cerebral hemispheres. In all hemispheres, the IR
point was clearly above, and did not meet, the LS. In
Table 2: Mean ± SD of each parameter and independent t-test res

hemispheres.

Parameters Mean

R

CS to FP 11.19

CS to OP 9.06 �
Midpoint of the line joining FP and OP to CS 7.49 �
Anterior part of CalS 2.29 �
Posterior part of CalS 3.44 �
Length of POS (bifurcation point to SMB) 3.34 �
Posterior end of splenium to CalS end 5.16 �
Posterior end of splenium to bifurcation point 1.99 �
Posterior end of splenium to POS end 4.79 �
POS end to CalS end 4.13 �
Length of CS 7.16 �
Length of stem of LS 3.66 �
Distance of LS from the inferior margin of ITG 3.93 �
Distance of LS from STG 1.53 �
Distance from SR to IR point 7.56 �
Distance of AS point from FP 5.39 �
Distance of AS point from OP 11.23

AS to termination of AR of LS 1.49 �
AS to termination of PR 5.49 �
AS to termination of ascending ramus 1.92 �
Distance of terminal point of LS from OP 7.46 �
R: right side, L: left side, CS: central sulcus, FP: frontal pole, OP: occipi

CalS: calcarine sulcus, LS: lateral sulcus, STG: superior temporal gyru

inferior Rolandic point, AS point: anterior Sylvian point, AR: anterio

Table 1: Sample distribution by age.

Age CT scan (n ¼ 150)

Male Female

20e40 (n ¼ 50) 18 32

41e60 (n ¼ 50) 15 35

61e80 (n ¼ 50) 31 19
addition, the CS was found to be continuous. The distance
of the CS from the FP, OP, and the midpoint of the line
joining the FP and OP was determined on the medial

surface. All measurements are shown in Table 2 as
mean � SD, and no significant differences were observed
between the right and left hemispheres.

TheAS point was used as a reference tomeasure the length
of the stem, anterior ramus, ascending ramus and posterior
ramus of the LS. In addition, the distance from the AS point

to the FP and OP was determined. No significant differences
were observed between hemispheres. The distances from the
terminal point of the LS to the OP, STG and ITG did not

significantly differ. Values are indicated in Table 2.
ults comparing right and left side parameters of cadaveric brain

� SD in cm p value

L

� 1.3303 11.61 � 0.4185 0.2266

0.7611 9 � 0.7923 0.8276

0.4854 7.51 � 0.6125 0.9211

0.2804 2.19 � 0.4305 0.4829

0.4184 3.75 � 0.3777 0.0394*

0.4152 3.31 � 0.5005 0.9012

0.3447 5.41 � 0.5036 0.1212

0.3407 1.81 � 0.4122 0.2005

0.3249 4.56 � 0.4765 0.1391

0.5828 4.03 � 0.7363 0.6808

0.7826 7.27 � 0.7202 0.6863

0.5024 3.59 � 0.6650 0.7417

0.4300 4.02 � 0.4023 0.5698

0.5195 1.26 � 0.3502 0.0873

1.2599 7.58 � 0.5794 0.9681

0.5776 5.57 � 0.4598 0.3337

� 0.6752 11.38 � 0.4959 0.4641

0.3773 1.48 � 0.3613 0.9850

0.8291 5.68 � 0.5479 0.4506

0.4969 1.89 � 0.4047 0.8511

0.8397 7.36 � 0.7345 0.7218

tal pole, POS: parieto: occipital sulcus, SMB: superomedial border,

s, ITG: inferior temporal gyrus, SR: superior Rolandic point, IR:

r ramus, PR: posterior ramus of LS.



Table 3: Mean ± SD of each parameter and one way ANOVA of both right and left sides in males.

Parameters Age group Mean (M) � SD in cm p value

R L R L

CS to FP 1 11.32 � 0.658 11.47 � 0.631 0.0861 0.1496

2 11.39 � 0.549 11.49 � 0.815

3 11.76 � 0.845 11.84 � 0.739

CS to OP 1 8.59 � 0.693 8.81 � 0.679 0.0025* 0.0009*

2 8.69 � 0.455 8.74 � 0.459

3 9.26 � 0.763 9.45 � 0.756

Midpoint of the line joining FP and OP to CS 1 6.14 � 0.536 6.27 � 0.499 7.64E-07* 4.22E-07*

2 6.14 � 0.292 6.09 � 0.557

3 7.22 � 0.923 7.34 � 0.929

Anterior part of CalS 1 1.61 � 0.269 1.58 � 0.248 0.0060* 0.0014*

2 1.9 � 0.251 2.02 � 0.336

3 1.63 � 0.297 1.77 � 0.359

Posterior part of CalS 1 3.97 � 0.462 3.93 � 0.512 0.7811 0.9586

2 3.93 � 0.516 3.98 � 0.529

3 4.02 � 0.378 3.96 � 0.407

Length of POS (bifurcation point to SMB) 1 3.78 � 0.375 3.71 � 0.552 0.0932 0.1021

2 4.04 � 0.379 3.95 � 0.515

3 3.78 � 0.414 3.61 � 0.457

Posterior end of splenium to CalS end 1 5.43 � 0.361 5.20 � 0.599 0.0893 0.2433

2 5.55 � 0.479 5.57 � 0.479

3 5.24 � 0.488 5.24 � 0.821

Posterior end of splenium to bifurcation point 1 1.84 � 0.419 1.71 � 0.394 1.17E-05* 0.8696

2 1.82 � 0.376 1.78 � 0.527

3 1.31 � 0.400 1.66 � 0.933

Posterior end of splenium to POS end 1 5.27 � 0.546 5.07 � 0.58 0.8918 4.09E-05*

2 5.42 � 0.336 5.19 � 0.466

3 4.51 � 0.505 4.53 � 0.434

POS end to CalS end 1 5.14 � 0.635 4.92 � 0.587 0.0798 0.2331

2 5.25 � 0.585 5.3 � 0.511

3 4.81 � 0.746 4.92 � 0.894

*p < 0.05 is significant.

S
.
N
a
y
a
k
et

a
l.

6
8
1



Table 4: Mean ± SD of each parameter and one way ANOVA of both right and left sides in females.

Parameters Age group Mean (M) � SD in cm p value

R L R L

CS to FP 1 11.02 ± 0.738 11.01 ± 0.741 0.1022 0.5609

2 10.96 ± 0.701 11.03 ± 0.809

3 11.38 ± 0.649 11.24 ± 0.789

CS to OP 1 8.22 ± 0.707 8.43 ± 0.843 0.0102* 0.0024*

2 8.08 ± 0.642 8.17 ± 0.667

3 8.71 ± 0.859 8.93 ± 0.718

Midpoint of the line joining FP and OP to CS 1 5.97 ± 0.695 6.09 ± 0.729 0.0012* 0.0019*

2 5.8 ± 0.609 5.85 ± 0.560

3 6.59 ± 1.001 6.63 ± 1.036

Anterior part of CalS 1 1.55 ± 0.229 1.54 ± 0.265 0.0027* 0.0001*

2 1.78 ± 0.291 1.88 ± 0.308

3 1.62 ± 0.285 1.68 ± 0.358

Posterior part of CaS 1 3.76 ± 0.356 3.74 ± 0.391 0.3588 0.9899

2 3.68 ± 0.471 3.75 ± 0.438

3 3.84 ± 0.349 3.73 ± 0.366

Length of POS (bifurcation point to SMB) 1 3.71 ± 0.428 3.63 ± 0.384 0.8808 0.3748

2 3.74 ± 0.585 3.67 ± 0.508

3 3.67 ± 0.442 3.50 ± 0.315

Posterior end of splenium to CalS end 1 5.19 ± 0.461 5.15 ± 0.481 0.2983 0.0199*

2 5.13 ± 0.535 5.28 ± 0.434

3 4.97 ± 0.445 4.88 ± 0.599

Posterior end of splenium to bifurcation point 1 1.76 ± 0.409 1.74 ± 0.396 9.36E-05* 0.0003*

2 1.74 ± 0.381 1.74 ± 0.368

3 1.24 ± 0.547 1.29 ± 0.474

Posterior end of splenium to POS end 1 5.07 ± 0.394 4.96 ± 0.455 7.46E-06* 7.59E-05*

2 4.92 ± 0.361 4.92 ± 0.437

3 4.45 ± 0.540 4.30 ± 0.759

POS end to CalS end 1 4.89 ± 0.455 4.94 ± 0.563 0.0077* 0.0025*

2 4.82 ± 0.598 4.81 ± 0.664

3 4.39 ± 0.639 4.3 ± 0.687

*p < 0.05 is significant.
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Table 5: Right and left side comparison in males and females of each age group.

Parameters Age group p value

M F

CS to FP 1 0.2913 0.9118

2 0.5156 0.5299

3 0.3561 0.3779

CS to OP 1 0.1822 0.0453*

2 0.5405 0.3282

3 0.0675 0.1512

Midpoint of the line joining FP and OP to CS 1 0.3389 0.1395

2 0.7215 0.6662

3 0.1100 0.8045

Anterior part of CalS 1 0.7153 0.8795

2 0.1754 0.0755

3 0.0187* 0.5131

Posterior part of CalS 1 0.6264 0.7073

2 0.6254 0.3656

3 0.3189 0.2145

Length of POS (bifurcation point to SMB) 1 0.2940 0.3027

2 0.3372 0.4660

3 0.0477* 0.1149

Posterior end of splenium to CalS end 1 0.0164* 0.3824

2 0.7496 0.0512

3 0.9775 0.2001

Posterior end of splenium to bifurcation point 1 0.1123 0.7224

2 0.7687 1

3 0.0451* 0.2697

Posterior end of splenium to POS end 1 0.1072 0.0085*

2 0.0041* 1

3 0.7367 0.1257

POS end to CalS end 1 0.1402 0.5189

2 0.6508 0.9379

3 0.4508 0.5152

*p < 0.05 is significant.
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The lengths of the anterior and posterior parts of the

CalS, and of the POS from the bifurcation point to the SMB
were measured; no significant differences between hemi-
spheres were observed, except in the posterior part of the

CalS (p ¼ 0.0394). In two of the right hemispheres, ramifi-
cation at the distal end of the POS was observed. In most
cases (61%), the CalS did not meet the LunS. Distance was
measured from the posterior end of the y splenium to the

termination of the CalS in the OP, calcarine-parieto-occipital
Table 6: Comparisons between the right and left sides of cadaveric spe

independent t-tests.

Parameters

CS to FP

CS to OP

Midpoint of the line joining FP and OP to CS

Anterior part of CalS

Posterior part of CalS

Length of POS (bifurcation point to SMB)

Posterior end of splenium to CalS end

Posterior end of splenium to bifurcation point

Posterior end of splenium to POS end

POS end to CalS end

*p < 0.05 is significant.
bifurcation and POS end. The distance from the POS end to

the CalS end was also noted. No significant differences were
found between hemispheres.

In CT, comparisons of male right, male left, female right

and female left parameters among the three age groups were
conducted with ANOVA (Tables 3 and 4 for males and
females, respectively). Among all parameters, the CS to
OP, the anterior part of the CalS, the midpoint of the line

joining the FP and OP to the CS on both the right and left
cimens and CT image parameters of the 60e80 yr age group with

p value

Right Left

0.2224 0.9946

0.9482 0.3009

0.0069* 0.0495*

5.04E-09* 0.0019*

0.0001* 0.2961

0.0017* 0.0946

0.8613 0.0783

6.61E-08* 0.0783

0.0066* 0.4376

0.0052* 0.0090*
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sides, the posterior end of the splenium to the bifurcation
point on the right side, and the posterior end of the

splenium to the POS end on the left side in males showed
significance with the (p < 0.05). In females, the CS to OP,
midpoint of the line joining the FP and OP to the CS, the

anterior part of the CalS, the POS end to CalS end, the
posterior end of the splenium to the bifurcation point, and
the posterior end of the splenium to the POS end showed

significance on both the right and left sides (p < 0.05). The
posterior end of the splenium to the CalS end on the left
side showed a p value of 0.0199.

Within each age group, the right and left sides were

compared in both males and females, and the p values are
shown in Table 5. The anterior part of the CalS (p¼ 0.0187),
the length of the POS from the point of bifurcation to the

SMB (p ¼ 0.0477), and the posterior end of the splenium
to the bifurcation point (p ¼ 0.0451) in males 60e80 yr of
age; the posterior end of the splenium to the CalS end

(p ¼ 0.0164) in males 20e40 yr of age; and the posterior
end of the splenium to the POS end (p ¼ 0.0041) in males
40e60 yr of age showed significance. In females, the CS to
OP (p ¼ 0.0453), and the posterior end of the splenium to

the POS end (p ¼ 0.0085), in the 20e40 yr age group
showed significant differences between hemispheres.

Comparisons between the right sides and left sides of

cadaveric specimens and the CT images of the 60e80 yr age
group were performed with independent t-tests (Table 6).
The right side mean value of cadaveric specimens was

compared with that of CT in the 60e80 yr age group with
independent t-tests. The posterior part of the CalS showed
significance, with p ¼ 0.0001. The length of the POS (from

the bifurcation point to SMB), and the distance from the
posterior end of the splenium to the POS end also showed
significance, with p ¼ 0.0017 and 0.0066, respectively. The
posterior end of the splenium to the bifurcation point also

showed significance (p < 0.05). On both sides, the
midpoint of the line joining the FP and OP to the CS, the
anterior part of the CalS sulcus, and the POS end to the

CalS end were found to show significance (p < 0.05).

Discussion

The CS divides the primary motor cortex (pre central
gyrus) and the primary sensory cortex (post central gyrus).

Voluntary movement is controlled primarily by the area in
the frontal lobe just anterior to the CS (area 4). The anterior
portion of the parietal lobe is the primary sensory area,

which receives sensory information from the body. The LS
(Sylvian fissure) demarcates the frontal and the parietal lobe
from the temporal lobe. The adjacent areas of this sulcus

include Broca’s area and Wernicke’s area, which are situated
in the frontal and temporal lobes, respectively. The POS can
be clearly seen on the medial surface, and part of it extends
into the superolateral surface. The cuneus and precuneus are

separated from each other on the medial surface by this
sulcus. The precuneus is involved in functions including
episodic memory, visuospatial processing and aspects of

consciousness. The cuneus (Brodmann area 17) receives vi-
sual information from the same-sided quadrantic retina
(corresponding to the contralateral inferior visual field).

Lesions in the occipital striate cortex (BA 17) produce areas
of blindness in the contralateral visual field. The CalS is
associated with the visual association cortex, because it is
bounded by the cuneus and lingual gyrus on the medial

surface of the occipital lobe.
The LS is associated with Broca’s area (left inferior frontal

gyrus), which is responsible for speech production and lan-

guage processing, and Wernicke’s area (left posterior STG),
which is responsible for speech comprehension. We measured
the length of the anterior ramus, ascending ramus and poste-

rior ramus of the LS by using the AS point as a reference. All
hemispheres were evaluated for the presence of the AS point,
which was found in the expanded region of LS, specifically in
the anterior-inferior part of the pars opercularis and below the

pars triangularis of the inferior frontal gyrus.Gonul et al. have
reported the same location of the AS point and used it as a
reference point for measurement of the rami of the LS.2 Ribas

et al. have reported that the ASwas found in the same location
in 4.16% of right hemispheres and 6.38% of left hemispheres
in 18 cadavers.4 Juch et al. have found an absence of the

anterior ramus on the right hemisphere in 13% of cases and
none on the left hemisphere.10 In 104 specimens, Tomaiuolo
et al. have noted that 1.9% lacked the ascending ramus.11

Ono et al. have reported absent rami on the right side in

16% and on the left side in 8% of cases.12 Witelson and
Kigar have found no correlation between sylvian fissure
morphology and hand preference in women; however, in

men, functional asymmetries were associated with the
anatomy of sylvian fissure.13 Gonul et al. have measured the
anterior ramus, ascending ramus and posterior ramus

lengths of the LS on both right and left cerebral hemispheres
and reported values of 23.30 � 8.120 (mean � SD) (Right),
22.66 � 6.751 (Left), 27.64 � 5.784 (Right), 27.60 � 6.731

(Left), 76.00 � 9.691 (Right) and 77.50 � 10.54 (Left) mm,
which are greater than those obtained in our study i.e., 1.49
� 0.377 (Right), 1.48 � 0.361 (Left), 1.92 � 0.4969 (Right),
1.89 � 0.4047 (Left), 5.49 � 0.8291 (Right) and 5.68 �
0.5479 (Left) cm on the right and left side of the hemisphere,
respectively.2 In our study, we also included measurement of
the length of the stem of the LS, the distance from the AS

point to the FP and OP, the distance from the terminal
point of the LS to the OP, and the ITG and STG. Boni
et al. have reported that the distance from the terminal point

of the LS to the inferior margin of the ITG in the right
hemisphere is 46.86 mm (medium number), and that in the
left hemisphere is 44.28 mm (5.95% higher in the right

hemisphere).14 In our study, the distance from the terminal
point of the LS to the inferior margin of the ITG was
measured as 3.93 � 0.4300 (mean � SD) and
4.02 � 0.4023 cm on the right and left sides, respectively.

CS, an important sulcus that is present on the superolateral
surface of the cerebrum, and separates the motor and the
sensory area, was found to be continuous in all specimens in

our study. Gonul et al. have reported continuity of CS in 99%
of specimens.2 Juch et al., in an MRI investigation in 23
participants, have found CS continuity in 100% of right

hemispheres and 91% of left hemispheres.10 Ono et al. have
found that the CS was continuous in 92% of cases,
interrupted in 8% of cases or connected to the pre-CS in the
inferior region.12 Most researchers, including Retzius, have

reported that only 1% of specimens have CS
discontinuity.15 Our findings are in agreement with those
from most studies in the literature. The mean length of CS

observed by Jabeen et al. in males and females was
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10.51� 0.529 cm to 9.78� 0.996 cm, and 10.27� 0.786 cm to
8.83 � 0.379 cm, respectively. In addition, the CS depth in

males ranged from 1.333 � 0.100 cm to 1.029 � 0.125 cm,
and that in females ranged from 1.173 � 0.144 cm to
1.01 � 0.200 cm.16 In our study, the depth of the CS was

not measured, but the mean length was found to be
7.16 � 0.7826 cm on the right side and 7.27 � 0.7202 cm on
the left side. Ono et al. have reported mean lengths of the

CS of 105 mm on the right hemisphere and 94 mm on the
left hemisphere.12 Singh and Gupta have reported mean
lengths of the CS of 94.75 mm and 96.06 mm on the right
and left hemispheres, respectively, among 34 hemispheres

examined. When the sulcal length of two hemispheres was
compared, the p value (0.6242) was found to be
insignificant.17 In our study, the length of CS was greater on

the left than the right side, but a comparison between
hemispheres indicated an insignificant p value (0.6863). The
SR point was noted in all specimens, because it is the point

of intersection of the superior extremity of CS and
interhemispheric fissure. In an MRI investigation by Juch
et al., in 13% of the specimens, the CS and inter-
hemispheric fissure (IHF) were not combined.10 Most well-

known earlier research has indicated that the upper extrem-
ity of the CS is present in the IHF in at least 88% of cases.
According to Retzius, the CS is present in the IHF in 64% of

cases, mixed or adjacently present to the IHF in 16% of cases,
and separately present in 20% of cases.15 In an investigation
by Ono et al., the upper extremity of the CS extended

toward the IHF in 56/72% (right/left hemispheres).12 The
lower extremity of the CS in our study was found to be
several millimeters higher than the LS in all specimens. The

lower extremity of the CS has been observed by Gonul et al.
to be higher above the LS in 72% of cases, and to be
combined or inside the LS in 28% of cases.2 Ono et al. have
observed that the inferior extremity of the CS meets the LS

in 16% of right and 19% of left hemispheres.12 Ribas et al.
have found that the CS inferior extremity meets the LS in
17% of specimens.4 We did not observe meeting of the CS

and LS in our study, possibly because of the small sample
size of specimens. The distance between the SR and the IR
points reported by Gonul et al. was 93.58 � 7.511 mm on

the right side and 98.44 � 7.293 mm on the left side.2 Our
results showed smaller values of 7.56 � 1.2599 on the right
side and 7.58 � 0.5794 cm on the left side. We also

measured the distance of the CS from the FP, OP and the
midpoint of the line joining the FP and OP in both
cadaveric and CT samples.

CalS is bounded by the cuneus above and the lingual gyrus

below. Area around the CalS is the visual cortex and visual
association cortex. In the posterior IHF region, the CalS is the
most important anatomical reference. Flores, in an investiga-

tion of 26 brain specimens, has found that the CalS develops
straight from the parahippocampal gyrus, and the sulcus is not
constant at its termination.6 Mandal et al. have studied 106

specimens and observed variations near the termination of
CalS.9 According to Flores, nf.6 Mandal et al. have found no
rami at the sulcus termination in 40.56%, divided once in
55.66%, divided twice in 3.77%, crossed OP in 57.69%, and

in 31.13% CalS met the LunS. In addition, variations in the
length and shape of the LunS were observed.9 Both Flores
and Mandal et al. have shown the same percentage of sulci

crossing the OP.6,9 Our current study indicated that the CalS
arose from the parahippocampal gyrus in all specimens; in
61% of cases, the CalS did not meet the LunS. Ramification

of the CalS was not noted. The lengths of the anterior and
posterior parts of the CalS were 2.73 � 9.95 and
4.12 � 1.44 cm, respectively, in Mandal et al.9 In the current

study, the anterior part of the CalS was 2.29 � 0.2804 (R) or
2.19 � 0.4305 (L), and the posterior part was 3.44 � 0.4152
(R) or 3.75 � 0.3777 (L) cm. The posterior part had a longer

length than the anterior part, as also described by Mandal
et al.9

The POS is a deep sulcus that marks the boundary be-
tween the cuneus and precuneus on the medial surface. The

distance from the posterior end of the splenium to the
bifurcation point (2.02 cm), and the bifurcation of CalS to
the end of the POS (3.42 cm), were measured by Mandal

et al.9 Herein, we determined the distance from the
posterior end of the splenium to the bifurcation point
(1.9 cm), and the bifurcation of the CalS to the end of

the POS (4.08 cm).
Knowledge of the locations of these sulci in relation to

various anatomical landmarks should facilitate the approach
to subcortical lesions and permit safer access to deep struc-

tures in surgeries in areas surrounding these sulci.

Limitations

1. The sample size of cadaveric specimens was small.

2. Not all parameters were measured in CT scans because of
difficulty in localizing all sulci.

Conclusion

The morphometry of the four main sulci of the cerebral
hemisphere was studied in cadaveric brain specimens and

CT scans. In the cadaveric specimens, only one parameter
was found to significantly differ between sides. In com-
parison, in CT, many parameters were found to signifi-

cantly differ, thus indicating asymmetries between the
cerebral hemispheres. The underlying structures were
closely associated with some of the topographic sites
evaluated in this study. Thus, knowledge of the measure-

ments of these sulci may aid radiologists and surgeons in
approaching deeper structures, such as ventricles and
subcortical lesions.

This study should also facilitate identifying or performing
surgery on the important functional areas of the brain situ-
ated near the sulci, because the sulci are connected to the

gyral functions and act as a barrier for the gyri.
The use of functional CT images herein helped correlate

the measurements with those from the cadaveric specimens,

and facilitated better localization of the positions of sulci and
the functional areas.

Webelieve that this studymeets an important need, because
prior studies have examined the cerebral sulcus morphometry

in cadaveric brain specimens, and a fewMRI studies have been
associated with sulci, but no studies have used CT.
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