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ABSTRACT

AIM: To investigate the morphometric and morphological development of the medial surface of the cerebrum in 40 fetal cadavers
without external anomalies and pathologies between the gestational ages of 22 and 40 weeks.

MATERIAL and METHODS: In this study, we measured the height and width of the cerebral hemisphere, cingulate sulcus,
marginal sulcus, sulcus of the corpus callosum, calcarine sulcus, parieto-occipital sulcus, and central sulcus in each hemisphere.
We examined these measures between genders and sides and assessed how these parameters developed over the course of
gestational age (measured in months). Additionally, we aimed to determine the age at which each sulcus started to be visible.

RESULTS: The dimensions of the parameters showed a significant increase with gestational age. When comparing these parameters
between the right and left hemispheres as well as genders, no statistically significant difference was found. Regarding the
classification of the marginal sulcus, Type | accounted for 33% and Type |l accounted for 32% of the cases. As for the classification
of the parieto-occipital sulcus and calcarine sulcus, Type | was the most common with 47%, followed by Type Il with 23%.

CONCLUSION: In our study, we believe that valuable parameters can be obtained to understand the morphometric development
of sulcus structures in the medial surface of the cerebrum. The contribution of such studies to the knowledge of anatomy and
neurosurgery will be significant. Knowledge of morphological differences in the cortex cerebri may also play a role in detecting
certain neurological diseases (such as lissencephaly and Walker-Warburg syndrome) and explaining their neuropathology.
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ABBREVIATIONS: EQ: The encephalization quotient, US: Ultrasound, MRI: Magnetic resonance imaging, CRL: Crown rump
length, BPD: Bi-parietal diameter, HC: Head circumference, FL: Femur length, FtL: Foot length, HCH: The height of the cerebral
hemisphere, WCH: The width of the cerebral hemisphere, LCS: The length of the central sulcus, LCIS: The lenght of the cingulate
sulcus, LMS: The lenght of the marginal sulcus, LPOS: The lenght of the parieto-occipital sulcus, LCAS: The lenght of the calcarine
sulcus, LSCC: The lenght of the sulcus of corpus callosum
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B INTRODUCTION

he encephalization quotient (EQ) represents a
I quantitative value that describes the relative brain
mass, which is the ratio of brain size to body size, in a
wide range of species (14). Among all species, humans have
the highest EQ scores (2). The increased cortical surface area
within a relatively small cranial cavity is achieved through
cortical folding (31). During fetal development, the initially
smooth cortical surface (lissencephalic) matures into a
convoluted state (gyrencephalic) through the formation of a
complex pattern of gyrus and sulcus, which becomes longer
and deeper as pregnancy progresses (3,4,6). The process of
gyrogenesis, involving the formation of sulci and gyri, follows a
regular sequence (12). The major phase of gyrogenesis begins
in the third trimester of pregnancy and continues at least
through the first year after birth (26,27,32). This convoluted
appearance of the cortex indicates a normal, mature brain
and is associated with various cognitive processes such as
memory, attention, perceptual awareness, thought, language,
and consciousness (12).

Subjective anatomical methods such as ultrasound or mag-
netic resonance imaging (MRI) are utilized for fetal brain im-
aging (12). It has been suggested that embryogenesis, organ-
ogenesis, and fetal anatomy should be assessed individually
for each gestational week to optimize the utilization of fetal
ultrasonography. Thus, it is crucial to conduct morphometric
studies on the anatomical and physiological characteristics
that undergo changes throughout fetal development (20).

In normal fetal brains, there can be a delay of up to 8 weeks
in the appearance of sulci as observed in MRI images.
However, based on the generally defined appearance of sulci,
it is expected that normal fetuses would exhibit the general
characteristics noted in previous studies earlier than the given
gestational age. On the other hand, if there is a delay of 10
weeks or more in the appearance of sulci in an otherwise
normal-looking image, it should be interpreted as potentially
abnormal (18). Therefore, obtaining detailed information on
the normal fetal cortical development through MR images
in at-risk groups, such as pregnant women with a family
history of lissencephaly, can be valuable. Lissencephaly is a
severe cortical malformation resulting from impaired neuronal
migration during the 3 and 4" months of pregnancy (34).
The affected brains exhibit the absence or scarcity of gyri,
referred to as agyria or pachygyria, respectively (11). The
surface of the cerebrum appears smooth, resembling the
state seen in fetuses before the 20" week of pregnancy (18).
The most common clinical manifestations include severe
psychomotor retardation, developmental delay, seizures,
and growth retardation. The prognosis varies depending
on the degree of cortical development, with severe cases
often leading to death in infancy or early childhood. Prenatal
diagnosis of an affected fetus enables appropriate counseling
and optimization of obstetric management. Chromosomal
abnormalities can be detected through chorionic Vvillus
sampling or amniocentesis. As routine chromosomal analysis
may not detect chromosomal abnormalities in Miller-Dieker
syndrome (9), it is crucial to discuss the findings of ultrasound
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and MRI with the cytogenetic laboratory to ensure that
appropriate tests are performed (11).

There are few dissection studies available in the literature that
focus on the developmental aspects of the cerebrum in fetal
cadavers. The objective of this study was to investigate the
morphometric and morphological development of the medial
surface of the cerebrum in fetal cadavers. The morphometric
data and morphological categorizations provided in the
study can be taken into consideration, especially in invasive
procedures on the cerebrum in newborns (34). Such studies
provide valuable contributions to the fields of neurosurgery
and our understanding of anatomy. Additionally, morphometric
and morphological differences observed in the cerebral cortex
may have implications in the detection and explanation of
neuropathology associated with certain neurological disorders,
such as lissencephaly and Walker-Warburg syndrome.

B MATERIAL and METHODS

Ethical approval for the study was obtained from the Suleyman
Demirel University Faculty of Medicine Clinical Research
Ethics Comittee (Decision number 85, dated September
5, 2019). This study involved the examination of 40 human
fetuses (20 male fetuses, 20 female fetuses) ranging in age
from 22 to 40 weeks of gestation. None of the fetuses we used
in our study had any visible anomalies or pathologies (cleft
palate and/or lip, polydactyly, syndactyly, meningomyelocele
etc.) (5). The fetuses were obtained from the Maternity and
Children’s Hospital between 1996 and 2014 with the consent
of their families. The causes of death in fetal cadavers are
unknown. The fetuses were preserved in a 10% formaldehyde
solution. Formaldehyde exhibits a shrinkage effect on tissues.
According to the conducted studies, it is observed that this
rate is approximately 3%. This 3% effect should be taken
into consideration when evaluating the data in the publication
(7). The fetuses were categorized into five groups based on
their developmental stages: the 6" month (22-24 weeks of
gestation), 7t" month (25-28 weeks of gestation), 8" month (29-
32 weeks of gestation), 9th month (33-36 weeks of gestation),
and full-term (37-40 weeks of gestation). The gestational age
of the fetuses was determined using measurements such as
crown rump length (CRL), bi-parietal diameter (BPD), head
circumference (HC), femur length (FL), and foot length (FtL)
(17,18).

The cerebrum, cerebellum, and brainstem were extracted by
employing the craniotomy technique in the fetuses. To visu-
alize the medial surface of the cerebrum, which is distinct
from the cerebellum and brainstem, a midsagittal incision
was performed, allowing both medial surfaces to become vis-
ible. Subsequently, the dura mater and arachnoid mater were
meticulously removed using forceps from the cerebral hemi-
spheres, thus highlighting the sulci and gyri. The obtained
medial surface of the cerebrum was then photographed in
a parallel orientation to the ground. Morphometric measure-
ments were conducted by uploading the captured photos to
the Image-J program.

The following parameters were measured on both the right and
left sides of the sulci on the medial surface of the cerebrum:
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Height of the Cerebral Hemisphere (HCH) (Figure 1)
Width of the Cerebral Hemisphere (WCH) (Figure 1)
Length of the Central Sulcus (LCS) (Figure 2)
Length of the Cingulate Sulcus (LCIS) (Figure 2)

Posterior

Height of the

Cerebral
Hemisphere

Figure 1: Measurement of hemisphere height and hemisphere
width.

Posterior

Figure 2: Measurement of the lengths of the sulci in the medial
surface of the cerebrum.
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Length of the Marginal Sulcus (LMS) (Figure 2)

Length of the Parieto-Occipital Sulcus (LPOS) (Figure 2)
Length of the Calcarine Sulcus (LCAS) (Figure 2)

Length of the Sulcus of the Corpus Callosum (LSCC) (Figure 2)

We examined the weeks in which the sulci were observed
in fetal cadavers dissected from the 22" week of gestation.
To determine the precise week in which the sulcus becomes
detectable, we followed this approach: If a sulcus was
observed in more than 50% of the medial surface of fetal
cadavers consistently for two consecutive weeks, we identified
those weeks as the onset of sulcus appearance.

Classification of Sulcus

During the period of measurement, we identified distinct
morphological features in the cingulate sulcus, parieto-
occipital sulcus, and calcarine sulcus, which are primary sulci
located on the medial surface of the cerebrum. Additionally, we
classified these sulci based on their observed characteristics.

a- Typing of Cingulate Sulcus

To enhance the accuracy of typing of cingulate sulcus, we
initiated the observation one week after detecting the marginal
sulcus, specifically from the 29" week of gestation. We
examined the formation of the cingulate sulcus in 26 fetuses.
The types of cingulate sulcus observed are depicted in Figure
3.

If the paracentral sulcus and marginal sulcus are observed in
conjunction with the cingulate sulcus, we named it as Type I.

If the paracentral sulcus, marginal sulcus, and subparietal
sulcus are observed together with the cingulate sulcus, we
named it as Type Il.

When the paracentral sulcus, marginal sulcus, and subparietal
sulcus are observed in conjunction with the cingulate sulcus, if
an additional sulcus emerges between the paracentral sulcus
and marginal sulcus within the cingulate sulcus, we named it
as Type lIl.

If the marginal sulcus and paracentral sulcus are present
alongside the cingulate sulcus, and the cingulate sulcus is not
continuous, we named it as Type IV.

Apart from these typings, a cingulate sulcus type was observed
on the unilateral medial surface of a 33-week-old fetus (Figure
4). We did not include this in these typings.

b- Typing of Parieto-occipital Sulcus and Calcarine Sulcus

To ensure more accurate typing of the sulci, we initiated the
observation one week after detecting the calcarine sulcus,
specifically from the 25" week of gestation. In two fetuses,
the calcarine sulcus did not form. However, we examined the
sulcus formations in 33 other fetuses. The types of sulcus
formations are depicted in Figure 5.

If the parieto-occipital sulcus and calcarine sulcus run straight
without branching, we named it as Type I.
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Figure 4: Right medial surface of cerebrum of 33-week-old fetus
not included in sulcus cinguli typing.
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Figure 3: Types of cingulate
sulcus (while the typings were
schematized, Type 2 and Type
4 was schematized by taking its
mirror image).

If the parieto-occipital sulcus is unbranched and the calcarine
sulcus bifurcates at the end, we named it as Type Il

If the parieto-occipital sulcus bifurcates at the end and the
calcarine sulcus is unbranched, we named it as Type .

If the parieto-occipital sulcus bifurcates at the end and the
calcarine sulcus branches off, forming an oblique letter H, we
named it as Type IV.

If the parieto-occipital sulcus gives off two separate branches
and the calcarine sulcus runs unbranched, we named it as
Type V.

Statistical Analysis

Statistical analysis was performed using the SPSS 22 for
Windows package program. For parameters related to the
medial surface of the cerebrum, minimum and maximum
values, arithmetic averages, and standard deviations were
calculated based on gestational age (months). Parametric
values, presented in terms of arithmetic mean + standard
deviation, were determined after conducting normality tests
(Kolmogorov-Smirnov, Shapiro-Wilk W) to assess whether the
data followed a parametric or nonparametric distribution.

Parametric data (excluding the measurement of LCS) were
analyzed using independent t-tests (Independent samples
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Figure 5: Types of parieto-occipital sulcus and calcarine sulcus (while the typings were schematized, Type 4 was schematized by taking
its mirror image).

t-test) and one-way analysis of variance (One-way ANOVA).
Nonparametric data (measurement of LCS) were analyzed
using the Mann-Whitney U test.

A significance level of p<0.05 was considered statistically
significant. Pairwise comparisons between groups (months)
are represented by figures and explained below the table.

B RESULTS

In our study, we evaluated the morphometric data of the
medial surface of a total of 80 cerebrums, including both the
right and left sides of 40 fetuses (20 males and 20 females).
The number of fetuses examined and the distribution of
gestational months are presented in Table I.

Table Il displays the length parameters associated with the
medial surface of the cerebrum, including the maximum,
minimum, mean values, standard deviations, and a comparison
between the right and left sides. Statistical analysis revealed
no significant difference between the right and left parameters.

The mean values and standard deviations of the length
measurements for each parameter on the medial surface of
the cerebrum, stratified by gender, are presented in Table Ill.
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Table I: Number of Fetuses by Month

Gestational Age

(month) Fetus Percentage
6 7 17.5

7 7 17.5

8 9 22.5

9 8 20
Term 9 22.5
Total 40 100

However, no statistically significant difference was observed
when comparing these parameters based on gender.

Table IV presents the mean values and standard deviations
of the length measurements for each parameter on the
medial surface of the cerebrum, categorized by gestational
months. Generally, when examining the lengths of the sulci
across months, an increase of approximately 10% to 20%
is observed. The tables provide a comparison of these
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Table lI: Length Parameters Related to Medial Surface of Cerebrum

n Minimum Maximum Mean Standard Deviation p-value
HCH right (mm) 39 24.68 67.14 40.20 9.40 0.790
HCH left (mm) 40 25.10 63.60 39.66 8.67
WCH right (mm) 39 48.72 105.53 72.39 16.09
WCH left (mm) 40 48.10 105.27 71.89 15.98 0689
LCS right (mm) 20 2.46 13.68 6.11 2.93 0.182
LCS left (mm) 15 3.51 13.48 7.68 3.38
LSCC right (mm) 39 33.99 66.75 50.27 7.84 0.044
LSCC left (mm) 40 34.27 69.77 50.24 9.20
LCIS right (mm) 27 41.71 97.06 63.54 14.47
LCIS left (mm) 19 41.64 93.52 61.29 13.38 0988
LMS right (mm) 23 6.81 18.65 12.04 3.02 0.621
LMS left (mm) 18 6.48 18.29 12.51 2.91
LPOS right (mm) 39 11.80 41.97 26.20 6.88 0.640
LPOS left (mm) 39 12.90 38.96 26.90 6.24
LCAS right (mm) 35 11.09 34.07 18.54 5.00 0.552
LCAS left (mm) 37 10.59 30.43 18.30 4.60

HCH: The height of the cerebral hemisphere, WCH: the width of the cerebral hemisphere, LCS: the length of the central sulcus, LSCC: the lenght
of the sulcus of corpus callosum, LCIS: the lenght of the cingulate sulcus, LMS: the lenght of the marginal sulcus, LPOS: the lenght of the parieto-

occipital sulcus, LCAS: the lenght of the calcarine sulcus, mm: millimeter.

Table llI: Distribution of Parameters by Gender

Male (Mean=Std.) Female (Mean=Std.) p-value
HCH right (mm) 41.92 + 10.21 41.25 + 9.51 0.22
HCH left (mm) 41.25 + 9.51 37.9+£7.49 0.23
WCH right (mm) 73.9 £ 15.89 70.63 = 16.60 0.54
WCH left (mm) 73.71 + 16.23 69.88 + 15.88 0.46
LSCC right (mm) 51.03 +7.48 49.37 + 8.37 0.52
LSCC left (mm) 51.01 + 8.82 49.38 +9.78 0.58
LCIS right (mm) 6.47 £ 2.87 5.75 £ 3.09 0.29
LCIS left (mm) 7.81 £3.58 7.53 £ 3.42 0.73
LCS right (mm) 64.44 + 14.32 62.56 + 15.15 0.58
LCS left (mm) 61.16 + 10,62 61.42 + 16.62 0.97
LMS right (mm) 12.22 £ 2.57 11.78 £ 3.76 0.74
LMS left (mm) 12.34 £ 3.02 12.78 £ 2.93 0.76
LPOS right (mm) 26.99 + 6.38 25.28 + 7.49 0.45
LPOS left (mm) 2717 £6.13 26.59 + 6.52 0.75
LCAS right (mm) 18.96 £ 5.45 17.97 £ 4.44 0.57
LCAS left (mm) 18.9 + 4.57 17.6 + 4.69 0.40

HCH: The height of the cerebral hemisphere, WCH: the width of the cerebral hemisphere, LCS: the length of
the central sulcus, LSCC: the lenght of the sulcus of corpus callosum, LCIS: the lenght of the cingulate sulcus,
LMS: the lenght of the marginal sulcus, LPOS: the lenght of the parieto-occipital sulcus, LCAS: the lenght of the
calcarine sulcus, mm: millimeter.
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parameters based on gestational months, and the specific
months with significant differences are indicated below
the table (Table 3). Statistically significant differences were
observed in all parameters, except for the left LCS and left
LMS, based on gestational months.

Table 5 displays the weeks from which the sulci are observed.
However, we could not provide data on the specific week of
detection for the parieto-occipital sulcus since it was already
visible in the fetal cadavers dissected from the 22" week. It

has been determined that calcarine sulcus starts to appear
from 24-25 weeks, cingulate sulcus from 24-25 weeks,
marginal sulcus from 27-28 weeks, paracentral sulcus from
29-30 weeks, “paraolfactory sulci” and subparietal sulcus
from 30-31 weeks.

According to the typing of the cingulate sulcus:

Type | was observed bilaterally in 7 fetuses and unilaterally in
4 fetuses (1 on the right side, 3 on the left side), making a total
of 18 hemispheres (33%).

Table IV: Distribution of Parameters by Month

6. Month 7. Month 8. Month 9. Month Term —value
Mean = Std., n Mean = Std., n Mean = Std., n Mean = Std., n P
HCH right® 30.03 +2.83 31.51 + 4.40 40.43 + 4.55 42.25 + 5.46 51.68 + 7.57
<0.001
(mm) 6 7 9 8 9
HCH left? 30.22 + 2.89 32.14 + 4.07 39.60 + 4.05 42.76 + 4.85 50.15 + 7.03
<0.001
(mm) 7 7 9 8 9
WCH right® 52.49 + 4.63 60.02 + 7.61 70.06 + 6.92 75.83 = 8.30 94.55 +7.80
<0.001
(mm) 6 7 9 8 9
WCH left2 52.22 + 4.53 60.29 + 5.47 69.00 + 5.39 77.27 + 8.16 94.30 + 7.72
<0.001
(mm) 7 7 9 8 9
LSCC right® 41.92 + 3.52 43.86 + 5.25 48.34 + 4.30 53.56 + 4.45 59.81 + 4.69
<0.001
(mm) 6 7 9 8 9
LSCC rightc 40.86 + 5.03 44.86 + 6.14 47.28 + 5.75 54.08 = 6.05 61.25+6.13
<0.001
(mm) 7 7 9 8 9
LCIS right¢ 51.57 + 6.46 52.71 + 6.37 59.34 + 9.59 79.67 + 9.61
<0.001
(mm) 3 7 8 9
LCIS lefte 53.53 + 16.81 48.86 + 6.33 59.93 + 8.43 73.35 + 9.81
0.003
(mm) 2 5 5 7
LCS rightf 4.33 +0.89 4.84 +1.48 8.90 + 3.19
0.002
(mm) 6 7 7
LCS left 4.28 + 1.09 6.95 +2.95 9.27 + 3.45
0.056
(mm) 2 6 7
LMS righte 8.94 9.77 £+ 2.54 11.78 £ 2.00 14.66 + 2.29
0.003
(mm) 1 7 7 8
LMS left 11.99 9.80 +2.72 13.07 + 2.98 13.66 + 2.46
0.185
(mm) 1 4 6 7
LPOS rightc 18.23 + 3.94 21.75+2.13 24.52 + 3.63 28.11 +5.15 34.97 + 4.09
<0.001
(mm) 6 7 9 8 9
LPOS lefts 21.15+£4.96 23.49 + 4.11 25.57 + 4.10 29.13 £ 5.98 32.99 + 4.61
<0.001
(mm) 7 6 9 8 9
LCAS rightf 13.09 + 2.16 15.85 + 1.93 18.13 £ 4.39 18.10 + 4.38 23.24 + 5.81
0.002
(mm) 4 5 9 8 9
LCAS lefte 13.74 + 2.11 14.67 + 3.11 18.35 + 2.83 18.29 + 3.41 23.21 + 4.35
0.001
(mm) 5 6 9 8 9

a: p<0.05 (6-9, 6-10, 7-10); b: p<0.05 (6-9, 6-10, 7-10, 8-10); °: p<0.05 (6-9, 6-10, 7-10, 8-10); % p<0.05 (7-10, 8-10); ©: p<0.05 (7-10); : p<0.05
(6-10); 9: p<0.05 (6-10, 7-10). HCH: The height of the cerebral hemisphere, WCH: the width of the cerebral hemisphere, LCS: the length of the
central sulcus, LSCC: the lenght of the sulcus of corpus callosum, LCIS: the lenght of the cingulate sulcus, LMS: the lenght of the marginal

sulcus, LPOS: the lenght of the parieto-occipital sulcus, LCAS: the lenght of the calcarine sulcus, mm: millimeter.
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Type Il was observed bilaterally in 5 fetuses and unilaterally in
7 fetuses (5 on the right side, 2 on the left side), making a total
of 17 hemispheres (32%).

Type lll was observed bilaterally in 4 fetuses and unilaterally in
4 fetuses (2 on the right side, 2 on the left side), making a total
of 12 hemispheres (22%).

Type IV was observed bilaterally in 1 fetus and unilaterally in 4
fetuses (2 on the right side, 2 on the left side), making a total
of 6 hemispheres (11%).

According to the typing of the parieto-occipital sulcus and
calcarine sulcus:

Type | was observed bilaterally in 12 fetuses and unilaterally in
7 fetuses (4 on the right side, 3 on the left side), making a total
of 31 hemispheres (47%).

Type Il was observed bilaterally in 6 fetuses and unilaterally in
3 fetuses (1 on the right side, 2 on the left side), making a total
of 15 hemispheres (23%).

Table V: Weeks in Which Sulcus were Detected

Sulcus Determined week
Parieto-occipital sulcus <22
Calcarine sulcus 23-24
Cingulate sulcus 24-25
Marginal sulcus 27-28
Paracentral sulcus 29-30
Paraolfactory sulcus 30-31
Subparietalis sulcus 30-31

Sanli OC. et al: Medial Surface of Cerebrum in Fetal Cadavers

Type lll was observed bilaterally in 2 fetuses and unilaterally in
4 fetuses (2 on the right side, 2 on the left side), making a total
of 8 hemispheres (12%).

Type IV was observed bilaterally in 3 fetuses and unilaterally in
3 fetuses (1 on the right side, 2 on the left side), making a total
of 9 hemispheres (14%).

Type V was observed bilaterally in 1 fetus and unilaterally in
1 fetus (1 on the right side), making a total of 3 hemispheres
(4%).

B DISCUSSION

Characterizing the human anatomy at different stages of brain
development during the fetal period not only enhances our
understanding of this highly regulated process but also pro-
vides valuable insights for detecting abnormalities arising
from genetic or environmental factors. Significant morpholog-
ical changes occur in the nerve structures of the human brain
during the second trimester of fetal life (24).

Studies on the human brain have revealed substantial
variations in the appearance of sulci and gyri, even between
the two hemispheres of the same individual. Due to this
variability, it becomes challenging to identify specific sulci as
they can exhibit asymmetry and variations. However, despite
these variations, studies have consistently demonstrated
the presence of primary sulcus structures (13,32). In a study
conducted by Ebeling and Steinmetz (8), no significant
difference was found when comparing the lengths of sulci
between the right and left hemispheres, suggesting that the
hemispheres may exhibit symmetry.

The development of sulci in the cerebral cortex is considered
a significant marker of fetal brain maturation by neuropathol-
ogists. However, there are variations in the literature regard-

Tablo VI: Comparison of Studies on the Weeks When Sulcus ae Detected

US Study MRI Study Anatomy Study
Bernard Monteagudo Levine& Ruosset Garelet Dorovini- Nishikuni
&Timor- Toi et al., Zis & & Ribas, Present
etal., . Barnes, al.,2001 al., 2001
1988 (1) Tritch, 1997 2004 (33) 1999 (16) 29) (10) Dolman, 2013 study
(19) 1977 (6) (22)
Fetus 70 262 50 40 51 173 80 107 40
Gestational age (week) 10-37 14-40 15-30 14-38 23-43 22-38 22-41 12-40 22-40
Cingulate sulcus 22-24 26 23 24-25 28-33 24-25 24 19 24-25
Margine sulcus 30 30+3 27-28
Paracentral sulcus 30+3 29-30
Paraolfactory sulcus 29+3 30-31
Subparietalis sulcus 30+3 30-31
Calcarine sulcus 23 18 19 18-19 29-38 22-23 22 17 23-24
Parieto-occipital sulcus 23 18 19 18-19 30-33 22-23 22 17
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ing the timing of emergence for certain sulci (3,6,15). Table
6 presents data from various studies, demonstrating that the
formation time of the same sulcus can vary across different
weeks (1,3,10,16,19,22,29,33). The inconsistencies in sulcus
formation patterns can be attributed to several factors:

1. Gestational age, which is not based on the same criteria
for all authors - some of them use the last menstrual
period (known to be unreliable), while others consider
measurements such as head circumference, crown-rump
length, or the presence of general pathological findings.

2. Differences in the study methods - MRI, ultrasonography,
and anatomical studies are used, leading to variations in
the observed results.

3. Brain side (right-left) and the inclusion of twin fetuses,
which may impact sulcus development. A previous study
reported a 2 or 3 week delay in the development of
sulcation patterns in the brains of twins between 19 and
32 weeks of gestation.

4. The criteria for determining the week at which sulci are
detected vary among studies.

These inconsistencies highlight the challenge of establishing
clear and reliable patterns of sulcus formation with high
precision.

According to the typings we performed for the cingulate
sulcus, the most common type observed in all examined
medial surfaces was Type | (33%), followed by Type Il (32%).
As the secondary sulci began to form, the incidence of
Type | decreased, while the incidences of Type Il and Type
Il increased. This suggests that the shape of the cingulate
sulcus tends to resemble Type Il and Type Ill as the secondary
sulci develop during the developmental process. If Type IV
was seen in a scattered way.

Regarding the typings we conducted for the parieto-occipital
sulcus and calcarine sulcus, the most common type observed
in all examined medial surfaces was Type | with a frequency
of 47%, followed by Type Il with 23%. Type IV was observed
since the formation of the secondary sulci. This suggests
that the type may closely resemble Type IV when the
secondary sulci grow during the developing process.When
the parameters we measured were analyzed by months, it
was observed that almost all parameters showed an increase
in length (except for left LCS and left LMS). The lengths of
the sulci increased consistently, with approximately the same
percentage increase, when analyzed across different months.

There is a limited number of studies available on the
morphometry of the medial surface of the cerebrum in fetal
cadavers. The majority of studies conducted in this area
primarily utilize MRI or ultrasound (US) techniques.

Tumors in the brain can often lead to changes in the boundaries
of the cortex between hemispheres, similar to asymmetrical
formations. In such cases, it is important to consider cerebral
asymmetry and evaluate the MRI of the unaffected hemisphere
for preoperative planning (6). Having a better understanding
of the anatomical structures within the hemispheres is crucial
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in the field of neurosurgery. Certain prominent formations in
the human brain can serve as reference points for locating
lesions and tumors in different regions and depths (23,25).
Specifically, the parameters related to the term period that
we have examined in our study may contribute to surgical
procedures for conditions such as brain tumors in newborns.

Gaining more morphological information about the relevant
central nervous system formations is crucial for better com-
prehending the diversity present in the human brain, inter-
preting functional imaging studies, and guiding intraoperative
dissection (28,30). Taking into account racial and individual
differences, particularly in the context of neurosurgery, may
hold significance for the management of operations that in-
volve microdissection (28).

Limitations of Our Study

The conditions that created limitations in our study were as
follows:

- In the pre-22 week group, fetuses at and after 22 weeks
were examined due to the inadequacy of the number of
fetuses and difficulties in dissection.

- Since the right cerebral hemisphere was fragmented after
dissection in a 23-week-old fetus, measurements on this
side could not be made.

- Measurements have been made since the central sulcus
began to appear in the medial surface of the cerebrum,
but sometimes it cut the inner surface of the hemisphere
on one side.

- The cingulate sulcus was sometimes not continuous, thus
creating a change in the number of hemispheres measured
on the right or left in the LCS measurement.

- Although the marginal sulcus was seen in the continuation
of the cingulate sulcus, it was sometimes absent on one of
the parties.

- In the measurement of the length of calcarine sulcus, the
continuity of the sulcus affected the measurements.

B CONCLUSION

The morphometric measurements we conducted were per-
formed for the first time on fetal cadavers. When evaluating
the lengths of the sulci according to the right-left sides and
gender, no statistically significant differences were found.
The lengths of the sulci demonstrated a consistent percent-
age increase by months, and significant differences were ob-
served between them. The variations in the weeks when the
sulci were detected were remarkable. These inconsistencies
highlight the challenge of establishing precise and reliable
patterns regarding sulcus formation with a high level of pre-
cision. Through our anatomical study, we aimed to contribute
more reliable findings to the existing literature in determining
the specific weeks.

Knowledge of the normal pattern of sulcus development in
the fetal period may allow prenatal detection of lissencephaly
associated with Miller-Dieker syndrome with US and MRI



(11,16). Likewise, mastery of the cranial and extracranial US
findings associated with Walker-Warburg syndrome enables
the diagnosis (10). Therefore, we classified cingulate sulcus,
calcarine sulcus and parieto-occipital sulcus. Our findings
might be a reference for future studies. We still need to learn
more about how the human brain develops and conduct more

research on fetuses.
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