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Cortical Development of Human Fetal Brains
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—Suk et al: Cortical Development of Human Fetal Brains—

Table 1. Median body and brain weight of fetus by gestational period

Gestational period Number of Body weight(gm) Brain weight(gm)
(weeks) cases median (range) median(range)
11~15 2 43.9( 3.8~ 84.00 8.8
21~25 26 480C 320~ 7000 86 ( 49.3~ 11D)
26~:30 27 1,035( 700~1, 290 163 (109.4~ 235)
31~35 12 1,520(1, 130~2, 100D 245 ( 166~ 308)
36~40 2 2, 850(2, 250~~3, 450) 341 ( 328~ 354)

Table 2. Measurements of cerebrum by gestational period

Ge;éz;;c(i)c&nal Number of A-P diameter(cm) ’(Elr‘igﬁ::,::(sfm) Height(em)
Cweeks) cases median(range) median (range) median (range)
11~15 2 1.9(1.5~ 2.2 2.0(1.4~2.5) 1.7(1.1~2.3)
16~20 17 5.0(3.4~ 5.7) 3.9(2.8~4.2) 3.4(2.6~4.5)
21~25 26 6.3(5.5~ 7.1) 5.1(4. 1~6.0) 4.3(3.0~5.2)
26~30 27 8.1(7.0~ 9.4 6.5(5.6~7.2) 5. 4(5. 1~6.0)
31~35 12 9.3(8. 4~10.2) 7.8(7.2~8.5) 6. 3(5.0~8. 3)

36~40 2 10.0(8.2~10.8) 8. 8(8.6~8.9) 6.6(6.0~7.1)

16~20 17 200( 80~ 3500 34.4C  13~50.3)
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diameter, and median height of cerebrum of
{etus by gestational period.
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lobe of the hemisphere by gestational period

Gestational  Number SGL* Marginal

zone

Cortex

period of hick hick zone**
(weeks) cases cell layer ;éfii:ﬁ;éﬁ_ée) cellularity ;éfil::?:g:g);e) cell layer cellularity
11~15 2 0~2 63( 25~101) 0 256( 38~ 474) 2 +
16~20 17 2 121( 50~152) + -~ 705( 378~ 897) 2 H
21~25 26 3~6 151( 99~297) H~ 4t 1,185( 769~1,513) 2~3 +H 4
26~30 27 2~4 177( 99~254) hikad s 1,282( 883~1,667) 4~6 + o~
31~35 12 1~2 203(182~256) H~tt 1,346(1, 218~1, 829) 6 et
36~40 2 0~1 255(254~256) 0~+ 2, 159(1, 667~2, 650) 6 +
* SGL : Subpial granular layer 0! acellular, -+ mild, 4+ moderate, i: marked

** Im. zone: Intermediate zone




—Suk et al: Cortical Development of Human Fetal Brains—
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Fig. 4. Median thickness of marginal zone and
cortex of temporal lobe of the hemisphere
by gestational period.
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Table 4. Histological findings of temporal lobe of the hemisphere by gestational period

Gestational Number SGL*

Marginal zone Cortex

Im. zone**

(gfeeréﬁ(si) ca?sfes cell layer ;r}lléfilgrfgigg; &) cellularity g‘ég&;ﬁf_;‘gg e) cell layer cellularity
11~15 2 0~1 91 0 329 2 #
16~20 17 2~4 122( 61~248) +~H 731( 449~ 0961) 2 4+
21~25 26 4~7 203( 99~353) Ho 1,177( 641~1,538) 2~4 H A~
26~30 27 3~06 203(127~396) H 1,474( 951~2,179) 4G H
31~35 12 2~3 228(177~320) + 1, 603(1, 009~1, 923) 6 +~1t
36~40 2 0~1 288(254~321) + 2, 180(1, 795~2, 564) 6 +

*SGL : Subpial granular layer 0 : acellular, -+ : mild, H : moderate, # : marked

*Im, zone : Intermediate zone
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Table 5. Histological findings of parietal lobe of the hemisphere by gestational period.

‘Gestational  Number SGL* Marginal zone Cortex Im. zone**
(gfgéﬁg) c:sfes cell layer irilé((:ili{:;as‘gﬁ;e) cellularity ;ﬁléﬁlfzgﬁigin% &) cell layer cellularity
11~15 2 0~1 91 0 355 2 #*
16~20 17 2 101( 35~152) + e~ 757( 641~1,026) 2 H#
21~25 26 3~5 176(101~228) H#+  1,2400 946~1,667)  2~4 He it
26~30 27 2~6 152(101~355) + 1,400(1, 091~2, 079) 4G +
31~35 12 1~2 203( 91~279) + 1, 538(L, 090~2, 079) 6 -+
36~40 2 0 256 O~ 2,087 6 +

*SGL : Subpial granular layer 0 :acellular, -+ Imild, H :moderate, 4 : marked
**Im. zone . Intermediate zone
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cortex of parietal lobe of the hemisphere
by gestational period.
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—Suk et al: Cortical Development of Human Fetal Brains—

Table 6. Hlstologxcal findings of occipital lobe of the hemisphere by gestational period

Gestational Number SGL* Marginal zone Cortex Im. :lelorie** CL ll?atnx***
Creckoy  canesfayer B gy, thicknessGo el S onenie
11~15 2 0~1 35( 19~ 512 0 263( 44~ 48D 2 # 184(113~254)
16~20 17 1~2 74( 25~203) O~ 641( 513~ 971) 2 #t 167( 64~396)
21~25 26 2~3 149( 50~297) +~4 994( 641~1,667) 2~3 H~4t  255(140~396)
26~30 27 2~3 152( 99~256) 4~ 1,145( 883~1,795) 4~6 H 152 25~304)
31~35 12 1~2 178( 99~577)  +~H  1,346( 883~1,731) 6 +~+ 149C 0~279)
36~40 2 0~1 198(192~203) 0~+ 11,5391, 410~1, 667) 6 + 1]

* SGL : Subpial granular layer 0 : acellular, + : mild, H : moderate, # : marked
** Im. zone : Intermediate zone
*** G. matrix=Germinal matrix
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Table 7. Histological findings of insula of the hemisphere by gestational period.
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—ABSTRACT—

Cortical Development of Humean
Fetal Brains

Jung Woo Suk, Sung Sik Shin
and Je G. Chi

Department of Pathology, College of Medicine,
Seoul National University

An understanding of the development of the cerebral
cortex is essential for an understanding of abnormal
conditions in neonates. All of the insults that affect
the nervous system of the fetus exert a wide variety
of disturbances of neural development that are flagr-
antly apparent in the neonatal period. There is strong
likelihood that many of these insults exert deleterious
and far-reaching effects on certain aspects of cere-
bral cortical development because cerebral cortex is.
developing in many distinctive ways and at a very
rapid rate.

To evaluate the development of cerebral cortex, a
total of 86 brains of Korean fetuses of gestational
ages ranging from 11 to 40 weeks, was studied.

The fetuses were products of therapeutic abortions,
and were proved to be normal after complete examin-
ation of fetuses and placentas. The brains were
removed as soon as possible after delivery, and were
fized in 1098 formalin for 1 to 2 weeks before being
examined for this study. Representative blocks were
taken from five different portions of cerebrum.
Through routine histological process, slides were
made and stained with Hematoxylin-Eosin and Luxol-
Fast-Blue for general morphology. Tables were made
to list developmental process of cerebral cortex.

And the listing was based on microscopically de-
monstrated findings and measures of various portions.

of cerebral cortex.
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Following results were obtained.

1. The subpial granular layer (SGL) developed by
tangential migration of granular cells from alloco-
rtex and postmitotic young neurons from ventricular
and subventricular zone have close relation to the
development of cerebral cortex.

2. The thickness of marginal zone showed fastest
growth during the period of maximum width of
SGL, and the cellularity of marginal zone began
to increase at the resolution of SGL. Differentiation
of cortex began in the period of maximum width
of SGL and parcellated intc 6 layered cortex at
the begining of resolution of SGL. The SGL first
appeared in insula and last appeared in occipital
lobe.

3. The thickness of marginal zone showed fastest
growth during the 16th~20th week of gestation in
insula and during the 21st~25th week of gestation
in other parts of cerebrum. The cellularity of
marginal zone began to increase from the 22nd
week of gestation in insula and from the 25th~
26th week of gestat ion in other parts of cerebrum.

4. Cortical plate was formed by migration of postm-
itotic young neurons from ventricular and subven-
tricular zone in the period of the 7th~15th week of
gestation and progressively parcellated into 6
layered cortex thereafter. The differentiation of
cortex began from the 17th week of gestation in
insula, from the 21st~23rd week of gestation in
frontal, temporal and parietal lobes and from the
26th week of gestation in occipital lobe. The 6
layers began to appear from the 24th week of
gestation in insula and from the 27th week of
gestation in other parts of cerebrum. In the period
of the 30th~33th week of gestation, 6 layers have

already parcellated in all parts of cerebrum.

[#2]

. Ganglionic matrix reached maximum width at the
25th week of gestation and showed sharp reduction
thereafter, and became no longer recognizable after
the 34th week of gestation.
In conclusion, it seems quite apparent that histolo-
gical differentiation of the developing cerebral cortex
has a close relationship with the sequential changes

of gyri and sulci as the gestational ages are advanced.
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of cerebral
development.

13 weeks of gestational age

16 weeks of gestational age

18 weeks of gestational age

19 weeks of gestational age

23 weeks of gestational age

28 weeks of gestational age

29 weeks of gestational age

31 weeks of gestational age

Histological development of cortex in the left

frontal lobe in various gestational age

Plate 25:
Plate 26:
Plate 27:
Plate 28:
Plate 29:
Plate 30:
Plate 31:

15 weeks of gestational age
16 weeks of gestational age
18 weeks of gestational age
22 weeks of gestational age
24 weeks of gestational age
28 weeks of gestational age

29 weeks of gestational age

Plate 32; 31 weeks of gestational age
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