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INTRODUCTION

The surface of  the developing human brain undergoes 
morphological changes during the fetal period. Foldings 
of  the cerebral cortex allow the human brain to 
accommodate in the limited space of  the skull. Formation 
of  sulci of  the human brain is especially the result of  
an evolutionary infolding process1,2 that is repeated 
throughout embryological and fetal development.3-5 During 
the first and second trimesters of  pregnancy, the surface 
of  the brain is smooth. Between the 28th and 30th weeks 
of  gestation, the brain undergoes rapid growth, which 
results in the appearance and the development of  new 

gyri and sulci.3,6 After complete development of  different 
sulcus in the fetal and postnatal period surface of  the fetal 
brain looks like an adult brain. Modern microsurgery has 
made the sulci and fissures the prominent landmarks of  
the brain surface and also has made them microsurgical 
corridors into the depth.7-9 Histology has been a dominant 
modality and remains an essential method to study the 
detailed neural structures of  brain development.10 Studies 
were conducted to describe gyration of  the brain in time 
in a small group of  population with the help of  ultra-
sonographic features11 and the standard regular ultra-
sonographic features of  cortical sulcal development in 
human fetuses between 18 and 41 weeks of  gestation in 
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a large group of  Chinese population.12 Sulci have a well-
defined general organization.1 However, they are usually 
tricky challenging to identify by different neuroimaging 
techniques, in fixed anatomical specimens, and during 
the neurosurgical,procedures, even with neuronavigation 
systems. The sulci are difficult to identify not only due to 
their arachnoidal and occasional vascular coverings but also 
more particularly due to their common interruptions and 
anatomical variations.1 For these reasons, neuroradiologists 
and neurosurgeons required a better understanding of  
the anatomical features of  different sulci of  the brain 
and their time of  appearance (gestational age) in the 
fetal brain. Nishikuni and Ribas conducted a study in 
2013 to find reliable morphological criteria sulci for each 
gestational age and observed the development of  cerebral 
development sulci is gradual and proportional to the 
increasing bodyweight of  the fetus.13 However, after that, 
there was a research gap on the morphological features 
of  developing sulci of  the fetal brain. A  small number 
of  descriptive anatomical studies were conducted on this 
topic. Still, the study of  the embryological appearance of  
sulci is not only crucial for understanding the Anatomy 
but also for estimation of  gestational age, the radiological 
examination of  brain, and micro neurosurgery.

Aims and objectives
To study the time of  appearance of  sulci in different 
surfaces of  the fetal brain, which will help estimate the 

gestational age of  the fetus from the specimen of  the 
fetal brain.

MATERIALS AND METHODS

About 108 cerebral hemispheres from 54 fetal brains were 
examined in the Department of  Anatomy, Medical College, 
Kolkata, West Bengal in 1  year from December 2016 to 
December 2017. Among all specimens, 21 brain specimens 
were observed from the collection in the departmental 
museum of  Anatomy and FMT of  Medical College, Kolkata, 
and rest were collected from fetal cadavers. After taking 
informed consent from the mother for a post-mortem 
examination of  CNS. The study was approved by the Ethical 
Committee of  the Institution with Memo no: MC/KOL/
IEC/NON-SPON/113/10-2015. Brains were removed by 
standard autopsy method, and specimens were fixed in 10% 
formalin solution for 1 month. For removal of  brain median, 
posterior or transverse posterior parietal incision was given 
(Royal college pathologist suggested this type of  incision, 
June 2017)14 which was convenient and practical to remove 
intact brain and. We considered removal underwater. The 
immersion technique described by Parthlow et al.,15 helps to 
retain the shape and integrity of  the fetal brain after removal. 
By removing the brain while the head and body are totally 
immersed in water, the brain was easy to remove and had 
no chance of  destroying the delicate brain tissue.

Table 1: Development of sulci in the fetal brain about fetal body weights and estimated gestational age 
of the collected specimens
Fetal body weight group (grams) Sulci Gestational age (weeks)
30–100 g Callosal sulcus and Hippocampal sulcus were formed in 100% 

specimens
12–15 weeks

101–200 g The appearance of lateral and olfactory sulci in 90% specimens and 
calcarine and parietooccipital sulci in more than 50% of specimens

17 weeks

201–300 g The presence of cingulate sulcus in more than 80% specimens and 
lateral sulcus was developed in 100% of specimens

19 weeks

301–400 g Central sulcus was present in 75% of specimens 21 weeks
401–500 g Collateral and orbital sulci in 67% specimens and lunate sulcus was 

present in all specimens
22–26 weeks

501–600 g The appearance of superior frontal sulcus, central and calcarine sulcus 
present in 100% specimens, and rhinal sulcus was detected in 50% 
specimens.

25–27 weeks

601–700 g Precentral, postcentral and superior temporal sulci were detected, and 
parietoocipital sulcus present in 100% of specimens

26–29 weeks

701–800 g Transverse occipital sulcus was visible 30–32 weeks
801–900 g The intraparietal sulcus appears, precentral and cingulate sulci were 

fully formed.
32 weeks+

901–1000 g Inferior frontal and transverse occipital sulci in superolateral surface, 
a marginal branch of the cingulate sulcus, and paracentral sulcus in 
medial surface detected.

33 weeks

1001–1250 g Inferior temporal sulcus was found in 50% of specimens 34 weeks
1251–1500 g All the central sulci of the brain were present in more than 50% of 

specimens. Transverse temporal sulcus was detected in 75% of 
specimens.

35–36 weeks

 The above table (Table 1) In 1501–1750 g fetal weight, there is the complete formation of superior, inferior frontal, postcentral, intraparietal, inferior and transverse temporal, 
collateral, orbital, marginal cingulate sulci in all specimens. Formation of occipitotemporal, paraolfactory, and sub parietal sulci were complete, and all the central sulci were 
detected in 100% collected specimens in 2001–2250 g fetal body weight. In 2251–2500 g fetal body weight Secondary sulci were present in more than 50% of specimens. In>3250 
g, all the primary and secondary sulci were fully formed.
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Inclusion criteria
All the fetal brains with no congenital brain anomalies and 
without any structural damage the damage were included 
in the study.

Exclusion criteria
Fetal brains with congenital malformations and structural 
damage were excluded from the study. We excluded one fetal 
brain with encephalocele and one where brain structure was 
damaged during removal at the initial phase of  the study 
during our research study. A total of  56 brain specimens 
were examined, and 54 were included in the study. Arachnoid 
membranes and superficial vessels were removed from the 
cerebral hemisphere by dissection to correctly identify brain 
sulci. Sulci in the superolateral, medial, and inferior surfaces 
of  the fetal brain were noted carefully. When the sulcus is 
absent, cerebral surface is smooth. In the developing stage, 
points and grooves of  the sulci formation were detected, 
and when sulci were completely formed, clear and complete 
depression for the particular sulcus was seen.

For the proper evaluation of  the result of  the study, 
fetal brains were divided into two groups according to 
the bodyweight of  the fetus. We divided the collected 
specimens as per the study of  Nishikuni and Ribas (2013).13

1)	 Brains from fetuses with bodyweight up to 1000 g with 
a weight gap among the groups of  100 g.Thirty-one 
fetal brain specimens were included in this group.

2)	 Brains from fetuses with a bodyweight more than 1001 g 
with a weight gap among the groups of  250 g.Twenty-
three fetal brain specimens were included in this group.

Because fetal body weight correlates with gestational age16 
when specimens of  the fetal brain show a sulcus is formed, 
we considered that particular gestational age to be related 
to the formation of  that specific sulcus.

RESULTS

About 54 specimens of  fetal brains were collected. During 
the brain removal, it was found that median longitudinal 
fissure of  the brain was already formed in all brain 
specimens (was present from 30–100 gm fetal weight group 
in 12 weeks of  gestational age). The appearance of  all other 
sulci was noted for a particular specimen. Fetal body weight 
was from 30 to 3500 g. In Table 1 all the findings are listed 
according to the fetal body weight groups.

Chart 1 shows that <100  g fetal body weight brain 
specimens were 2, 101–200  g body weight specimens 
were 6, 201–300  g specimens were 5, 301–400  g body 
weight specimens were 8, 401–500 g bodyweight it were 
3.501–600 g bodyweight brain specimens were 2, 601–700 g 
bodyweight brain specimens was 1, 701–800 g body weight 

brain specimens were 2, 801–900  g bodyweight brain 
specimens was 1, 901–1000 g body weight brain specimens 
was 1. A Total number of  brain specimens were 31 up to 
fetal body weight of  1000 g.

Chart 2 shows that 1001–1250  g fetal body weight 
brain specimens were 2, 1251–1500  g fetal body 
weight brain specimens were 4, 1501–1750  g fetal 
body weight brain specimens were 2, 1751–2000  g 
fetal body weight brain specimens were 2, 2001–2250 g fetal 
body weight brain specimens were 2, 2251–2500 g fetal body 
weight brain specimens was 1, 2501–2750 g fetal body weight 
brain specimens was 1, 2751–3000 g fetal body weight brain 
specimens was 1, 3001–3250 g fetal body weight brain specimens was 
1, 3251–3500 g fetal body weight brain specimens were 7. 
A total number of  brain specimens were 23 with fetal body 
weight >1001 g.

0
1
2
3
4
5
6
7
8
9

1-
10

0

10
1-

20
0

20
1-

30
0

30
1-

40
0

40
1-

50
0

50
1-

60
0

60
1-

70
0

70
1-

80
0

80
1-

90
0

90
1-

10
00

N
o 

of
 fe

ta
l b

ra
in

 s
pe

ci
m

en

Fetal body weight in grams

Chart 1: Bar diagram showing the relation between fetal body weight 
with a number of fetal brain specimens collected (up to 1000 g fetal 
body weight with a weight gap of 100 g)
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Chart 2: Bar diagram showing the relation between fetal body weight 
and the number of fetal brain specimens collected. (fetal body weight 
> 1001 g with a weight gap of 250 g)
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DISCUSSION

Human brain sulci developed mainly due to an evolutionary 
infolding process that caused a progressive increase in the 
cerebral cortical surface without a proportional increase in 
brain volume.17,18 Cerebral cortex sulcation influences the 
functional organization of  the brain.19,20 Embryological 
development of  the sulci occurs according to the phylogeny, 
and hierarchy among man. Their formation begins with the 
appearance of  fissure followed by sulci related to eloquent areas 
of  the brain and finally with the secondary and tertiary cortical 
area sulci.3,21-23 Several articles reported using ultrasonography 
and other neuroimaging techniques to describe developmental 
changes in the fetal brain in premature and normal fetuses.24,25 
Embryological development of  brain sulci in fetuses has been 
only scarcely studied in a few descriptive anatomical studies. 
Still, it is currently of  significant interest and practical to 
calculate the fetus’s gestational age.6,26

As described in the previous studies in our study also it was 
detected that median longitudinal fissure is the first fissure 
to appear and was observed in the smallest fetus examined. 
In the superolateral surface of  fetal brain, the lateral 
sulcus (Sylvian fissure) first appears as superficial shallow 
depression (Figure  1), then gradually it becomes deeper 
and more prominent (Figure 2). Chen et al., in their study 
(2017) on ultrasonographic characteristics of  cortical sulcus 
development stated that Sylvian fissure could be visible in 
all fetuses from 22 weeks onwards.27 In our study initially, 
the central sulcus was detected as a point or groove in the 
parasagittal region (Figure  3). Then gradually, it extends 
obliquely, inferiorly, and anteriorly until it reaches the lateral 
sulcus, and then grows superiorly and reaches the median 
longitudinal fissure. The precentral sulcus develops anterior 
and parallel to the central sulcus (Figure 2). We observed that 
there is an interruption in the precentral sulcus as observed in 
the previous study (Ono et al.).4 Post central sulcus develops 
in the same time period. The superior frontal sulcus first 
appears in the frontal pole and gradually extends posteriorly. 
The intraparietal sulcus develops almost parallel to the medial 
longitudinal fissure. Transverse occipital sulcus was present 
at the posterior end of  intraparietal sulcus. The superior 
temporal sulcus was parallel to the lateral sulcus (Figure 3).

On the inferior cerebral surface, the olfactory sulcus 
appears initially as a superficial depression on the medial 
aspect of  the orbital surface. After that, it develops parallel 
to the longitudinal cerebral fissure under the olfactory bulb 
and tract, limiting the gyrus recti, was our study found 
that hippocampal sulcus formed at about 15–16 weeks of  
gestation and rhinal sulcus at about 25 weeks of  gestation.

On the medial surface of  the fetal brain specimens, we found 
that callosal sulcus was already formed in the lowest body 

weight fetus (Figure 4 showing callosal sulcus in the brain 
specimen of  18 weeks fetus). We have found that callosal 
sulcus was already formed in the lowest body weight fetus 
(Figure 4 showing callosal sulcus in the brain specimen of  

Figure  3: The superolateral surface of Cerebral Hemisphere of 
21 weeks IUL fetus (CR Length: 20cm) showing Developing Central 
Sulcus (Cn S), and Sylvian Fissure (Syl F) 

Figure 1: Superolateral surface of cerebral hemisphere of 18 weeks IUL 
fetus (CR Length: 18.5 cm) showing developing Sylvian Fissure (Syl F)

Figure  2: The superolateral surface of Cerebral Hemisphere of 
30  weeks (IUL) fetus showing Central Sulcus (Cn S), Post-central 
Sulcus (P Cn S), Superior temporal Sulcus (S Tm S), Sylvian Fissure 
(Syl F), and developing Precentral sulcus (Pre Cn S)
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of  the cingulate sulcus forms the marginal branch of  the 
cingulate sulcus, which delineates the paracentral lobule 
posteriorly. The cingulate sulcus is delineated anteriorly by 
the paracentral sulcus (Figure 6), which develops during the 
same period of  the marginal branch of  the cingulate sulcus. 
Parietooccipital sulcus separates precuneus of  parietal lobe 
from cuneus of  the occipital lobe (Figure 6). We observed 
that the calcarine sulcus appears almost simultaneously with 
the parietooccipital sulcus (Figures 4-6).

Comparing the findings of  our study with the previous 
anatomical studies, it is found that we studied a large number 
of  sulci in detail. When we compared the time of  appearance 
of  sulci between anatomical and neuroimaging techniques, it 
was found that 2–4 weeks delay between anatomical findings 
and visualization of  the same sulcus by USG or MRI.

Limitations of the study
In this topic we studied the morphological appearance of  
the sulci in fetal brain, there were a less number of  study 
on this topic previously. It will be more informative if  in 
future more number of  fetal brain can be studied to set 
the criteria to estimate gestational age from fetal brain 
sample. The study will be more conclusive if  morphological 
appearance of  sulci in fetal brain can be compared with 
ultra-sonographic appearance in the same study.

CONCLUSION

The study aimed to find the morphological features of  
cerebral sulci in developing fetal brain and to determine 
morphological criteria of  brain sulci for each gestational 
age. It was observed that cerebral sulci develop gradually, 
and development is proportional to the bodyweight of  the 
fetus. At the initial stage of  development fetal brain remains 
smooth. Then, furrows appear which deepens and produce 
brain sulci. Hence, morphological study of  the fetal brain 
surface using knowledge of  anatomy must help us to clarify 
the features of  the development of  cerebral sulci—this 
anatomical knowledge of  the development of  brain sulci 
is also helpful in neurosurgery and neuroimaging.
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