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A Study on Development and Cytoarchitectonics of Cerebral Cortex
in Supramarginal Gyrus (Brodmann’s Area 40) in Normal Fetus Brain
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Table 1. Average dlameter(p) of the mucleus of the cortical cells by fetal month

Layer | ! 0 vl V L ?" | Undiff.
Mon A | B | c A | B | a | B | corte

5 i a1

6 29 | 43 | 43| 44 | 44 | 43 | 47 | 47 | 44 | 44 4.5

7 42 | 42 46 | 46 | 47 | 44 | 53 | 53 | 46 | 47

8 4.5 4.5 50 51 5.3 4.6 5.5 57 5.2 53

9 44 | 44 5.0 52 | 54| 45| 56| 58| 52 | 54

10 54 ( 55| 65| 69 | 2| 52| 73| 71| 66 | 66
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Fig. 1. Curves of growth for fetal brain weight from
5th month to 10th month of fetal age.

Table 2. The number and

brain weight of the
materials according to sex and fetal age.

Brain weight
Mon, Sex N (M+¢) Gm
\
5 & 6 42,94 4.1
Q 4 41.0+ 5.3
. S 9 76.0+16. 1
? 11 | 67.7+14.2
: _
; 5 8 | 133.6+12.3
¢ 9 131.64-16. 4
o 5 15 198.6-+27.1
2 14 230. 4126.8
9 & 12 295.9430. 8
e 15 296. 44-35. 9
& 7 450. 2+65. 8
10
Q 2 446.0
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Fig. 2. Curves of growth for the cortical thicknese in the supramarginal
gyrus from 5th month to 10th month of fetal age.
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Fig. 3. Curves of growth for the thickness of each
layer of the cortex in the supramarginal
gyrus from 6th month to 10th month of
fetal age.
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Table 2. Thickness of the cerebral cortex and each cortical layer in micra by fetal age in month (M3¢). In
the sixth month the lamination of the cortex was occurred.

Mon. ‘ Sex ! N I [ l‘ I I V “ ¥ | Total

5 o) 6 46+9 718153
{? 4 60411 780796
6 | w66+18 #820+721
) A7T+16 A885+110
6 3 | O98*12 54+5 221+21 7445 24925 300+42 | 01016182
8 | %81+27 ¥ 885144
{ A83£25 , \889+157
3 | O8s*al 5715 19419 745 21946 26640 | (O898+172

| —
7 ) 18 97417 59:=7 264+48 102412 2741430 398+31 1194-+-287

|

e 9 104+14 5844 266151 83+12 251433 413+20 11754248
8 ) 15 115+18 7016 356436 106+13 257434 401+42 13051266
@ 14 115+24 617 388+40 989 240+25 415+22 13174280
9 3 12 100+17 5615 389+58 98+12 252432 466+53 1361271
{ 15 113+21 5747 426+63 109+14 249+19 443+34 1397+293
10 3 7 110+14 63+7 480+79 113+7 26851 50571 1539+312

2 2 125 70 553 135 281 516 1680

"% undifferentiated lamination

A average of the undifferentiated and differentiated laminations
(O differentiated lamination

Table 4. The thickness of the cerebral cortex and each layer of the cortex in micra by fetal brain weight(M=o)

Brain, [s?fl?N o I I Yooy W | Toml

s0~50 | 8| 61 46+9 l 718+53

2| 5| s7x5 | 74390

6| ie6x18 3%820+72

8 AB0E14 A896124

51100 3| O107%5 5745 | 210425 | 7445 | 238+12 | 353k42 | O10487182

71 KE3E2S 918122

2 A86:E24 A981+195

4| OOIET9 | 584 | 196419 | 7147 | 249%39 | 290%51 | 0955158

loi~150 | © 14| 97x13 | seE7 | 266448 | ok1s | 27335 | d0lkdl | 11854192

Q| 6| 105414 | 5745 | o2ezasl | s3ke | grsk2l | 303kEl | 1155187

| is1~s00 | & 12] 10%14 | sees | 336447 | 100213 | 2rokes | serkaq | 1272215

| 2| 5| 1mH17 | 63+4 | 35782 | 10146 | 25339 | 419kp4 | 1304226

soi~pso | 8] 7] 107213 | 69k6 | 34332 | 10345 | 260431 | 40433 | 1286188

Q10| 110425 | 5946 | 270430 | 98k8 | 25226 | 423419 | 13124243

ws1zo0 | B 7| o7l | eokio | s68tdp | 04k17 | 2334 | azoksl | 1286219

@ | 9| 1517 | 57H7 | 38737 | 991l | o51k24 | 434k | 13434233

so1~3s0 | B | 5| 1016 5545 | 415147 | 11110 | 259436 | 458469 | 13994195

| 2| 4| 969 53k4 | 403£37 | 10317 | 245426 | 42841 | 13283211
‘ w00 | 8] 20 108 | e 450 110 240 165 1430

i ?] 3| 11819 | 5719 4614120 | 11519 | 245417 | 457421 | 1453+244

— 285 —




401~ 8415 1145 6615 530163 11615 283+32 544+66 16563275
212 125 70 553 135 281 516 1680
X undifferentiatedv lﬁlnination
A average of the undifferentiated and differentiated laminations
(O differentiated lamination
Table 5. The relative cell density of each cortical layer (M=+s) by fetal age in month.
il v i
Mon. | Sex; N [ I N e e — e ———| Total
| | A | B A | B A B
21 3 654+ \2 588+ 2, l()2+ [2, 076+ 2,013+ 2, 227+ :1,772i 1,442+ 1,747+ | 935+ |17,556
6 84 385 9 236, 231{ 122 108 180 169 12,931
ol 3 624+ |2,715% |2,194+ 12, lgli 2,249+ 12,376+ 1,931+ |1,613+ (1,886+ [1,134+ (18, 973+
a1 1 1 6 09 139 178l 166 170 153, 165 X 6
3|18 773+ 2 068+ 1, 831+ 1, 882+ |2, 169+ 1,600+ 1,212+ 11,419+ 666+ 16 297+
116 310 362 252 314 335 255 144 163 127, 2,586
7
el 9 807+ + + | + 12,017+ (2,314+ 11,728+ |1,307F |1,476% | 780+ 17, 345%
N 139, 387 309 8 263 263 202 172 229 107, 2,827
‘ | | i
2 |15 1,102+ [1,810+ 1,101+ | 829+ [1,025-+ | 450+ {11,931+
8 126 136 246 124 121 137 82| 1,462
14 568+ 12, 711+ 1220+| 8714 | 901+ 1,701% 1,030+ | 780+ ’ 863+ | 354+ 110,499+
84 207; 142 126 312 148l 82, 117 87] 1,751
2 112 545i 2. 189t ‘1, 101+ 840ii 850+ |1, 500£j 868+ 654+ 803i 329+ | 9,679+
9 95 H1 257 131 118 309 171 129 106 1,486
Q|15 454+ [1,733+ | 812+ | 616=% ! 654+ [1,293+ | 697+ | 513+ | 598% | 287+ | 7,657+
76 247 135‘ 111 83|‘ 202: 115 71 100 1, 25
a3l 7 219+ 987+ | 424k ‘ 310+ ' 336+ | 811+ | 398+ | 2794 | 3424 | 185k | 4,291
10 39 111 76 M 95 104 72 28 59 655
I 2211 775 361 E 245 ’ 259 616 266 230 256 166 3, 385
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Fig. 4. Curves of growth for the cortical thickness in the supramarginal

gyvrus in successive increase of brain weight.

— 286 —




HCRAY
R o

180

T

cmme e MALE

P cer— s BEVIALL
b

10 10 S D A D) A

Fig. 5. Curves of growth for the thickness of each
laver of the cortex in the supramarginal
gyrus in successive increase of brain weight.
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Fig. 6. Curves of changes for the relative cell
density in the cortex in the supramarginal
gyrus from 6th month to 10th month of
fetal age.
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Fig. 7. Curves of changes for the relative cell den-
sity in each layer of the cortex in the supr
amarginal gyrus from 6th to 10th month of
fetal age.
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sity in each layer of the cortex in the
supramarginal gyrus in successive increase
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Fig. 8. Curves of changes for the relative cell density in the cortex in the
supramarginal gyrus in successive increase of brain weight.
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Fig.10. Curves of changes for the absolute cell density in the cortex in the
supramarginal gyrus from 5th month to 10th month of fetal age.
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Table 6. The relative cell density of each cortical layer (M=) by fetal brain weight.

i i y i
Brain el N| 10| 4 || W ! Total
A | B | ¢ A B A B
a | g lasox 723 2305k [2,007% 2117k |2, 366 1,893k 1502 1,773+ | o4z 118,137+
s1~100 ° | 42 agel 396 395 290 319 187 137 117 146 2,38
o | 4 P76t 2,837 2,239 2,029 2,181 2,381k [2,002: 1,714 1,897+ 1,120 18, 985+
84 304 288 288 221 283" 309 366 245 218 2,673
o | 14 203 12,630+ 2,068+ 1,768 [1,719% |2, 075k 1,564:% 11,186+ 1, 200 | 674+ (15, 936+
101~150 for " % s 8N my oz 90 18 19 92 2,29
o | g B3 2796 2,249 2,026 2,101% |2 258 11,765k 1,257 [1,410% | 8O5E [17,500%
| e am T anT ae zs3 ges 200 183 255 118 2,485
| 5 | 1p 6362 |2 645 [1, 600 [1,261% 1,320 1,972k 1,286 | 976+ 1,188+ | 511 113,305+
| 151200 8 334 214 23  1s4 286 214 139 131 83 2,754
o | 5 |778% 2,796+ 1,720 [1,326 1,339 11,9094 1,300+ | 957k 1,173 | 480+ [13,778+
19" st a4 2er a3 2er 198 7 161 72 2,362
o | o 67 2,649 [1.381 11,0462 1,097+ 1,834k |1 05k | so1:k | 965k | 414k 11,942
201~ 250 84 341 24 297 191 233 156 164 125 69| 1,856
| o | 10 7Ot 2,235 11,172+ | segk | 826+ 1,667+ (1,008 | 7aik | 810+ | 3514 10,2504
CUey ary ' ise  doy  i0s 24 198 81 111 61 1,941
o | o oSt moosed [Luask | ssst | s7ak 562k | sz | 7ssd | 930+ | 365+ |10, 285+
951 ~~300) 113 380 248 210 8l 156 63 120 74 1,588
o 4917 2,022 | o790+ | 722 | 806k 1,499:% | 802+ | 630k | 690% . 200+ | 8,931+
74 304 iz dze 14 285 129 70 Il 39 1,362
| g 580k 2,030: | o504 | 784 | 751+ 1,512+ | 808+ | 555+ . 688+ | 327 | 9,003+
201~350. O I I I I il6 74 ~ 80 1,577
o | 4 B3BE_L7T6E | 794k | 646k | 733k 1,362 | 723k | BT 668 | 306+ 8,093
§ 203 119 112 126 153 114 8 74 65 1265
S| 2los |L438 | 606 | 406 | 437 | 904 | 503 | 350 | 419 | 241 | 5,602
I~ o | o o 12162 | 619 | 400k | 47k 11254 | 51T+ 31T | 491k | 256 | 5,769+
62 163 14 & 7 247 & 61 &2 3% 8
o | 5 lar | ssox | st | 243k | om0k | 73 | 3w | ek | 305+ | 176+ | 3703k
401~ 33 13l 3 69| il9 68 33 60 30 649
© | 2ill | 75 | 31 | 245 | 269 | 616 | 266 | 230 | 256 | 166 | 3,385
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Fig.11. Curves of changes for the absolute cell den-
sity in each layer of the cortex in the
supramarginal gyrus from 6th to 10th month
of fetal age.
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Table 7. The absolute cell density of each cortical layer by feral age in month.

Mon.ISex{ N ‘ 1 J 1 [ | Vv | v Vi Total
5 |8 6 16, 4414640
@ 4 17, 41441, 320
6 5 ! | %17, 16642, 914
3 | A16, 9572, 904
6 3| 6413118 | 1,398::215 | 4,561:715 | 1,648-233  4,001£725 | 4,291::658 = (16, 54012, 866
3 : %17,915+1, 833
2 1 l bA17,42241,927
3| 54995 | 1,548247 | 4,280658 | 1,7581264 | 3,946°-517 | 4,0174693 | O16,107%2,135
g 1& 18| 750115 |1,579+182 | 5,087+722 | 2,212+313 | 3,852549 | 4, 1514725 17, 631-+2, 094
Q| 9| 8394146 |1,6231256 | 5440845 | 1,921309 | 3,8084736 | 4, 6591771 18, 290+2, 761
g | 3|15 767152 | 1,774:308 | 4,162:£782 | 1,919:285 | 2,480+418 | 2,975-+-495 14, 07742, 355
Qj 14| 653+97 | 1,3494:272 | 3,868:+502 | 1,667+H267 | 2,172+365 | 2,527+378 12, 236--1, 963
g | & |12| 545496 | 1,226185 | 3,618621 | 1,4701195 | 1918307 | 2,638:352 11,415+1, 624
Q | 15| 5134102 988-+154 | 2,956+483 | 1,4094:219 ' 1,506£195 | 1, 9621248 9,334+1,751
w0 (8] 7] 2437 6224109 | 1,714::245 | 9164158 | 906118 | 1, 333195 5,732+858
P 2| 264 543 1,593 832 697 1,089 5,018

¥ : undifferentiated 1aminati6n
At average of the undifferentiated and differentiated laminations
1 differentiated lamination
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Fig. 12. Curves of changes for the absolute cell density in the cortex in the
supramarginal gyrus in sucessive increase of brain weight.
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Table 8. The absolute cell density of each cortical layer (M—+o) by brain weight.

Brain. T o .
weight. |bex, N \ Iii 7" J ,WHL v ‘ “ e ‘_’lf’tﬂ’WA
30~50] 0| 6 16, 4414640
5 16, 42142, 038
6 ‘ 317, 166-+2, 914
2 : A7, 23472, 641
51100 3| 52397 | 1,552240 | 4, 7091682 | 1,751236 | 4,041+723 4,794-+649 | 17,370%2, 239
7 ‘ 3418, 40242, 489
Q ‘ A17,9247F2, 566
4 | 524483 | 1,6451-306  4,214+635 | 1,691+255 | 4,626+772 4,388+735 | 17,0882, 785
101~150 O | 14 | 7792118 | 1,5544275 | 4, 9264785 | 1,8684-280 | 3,754+593 | 4,158-£692 |  17,039+2, 365

2 6 875+136 1,594+299 | 5,568+448 | 1,874+307 | 4,155+783 | 4, 1294688 18,195+3,148

4, 6841723 | 1,9724285 | 3,15564672 | 3, 3241596 15, 3162, 853
5,219+835 | 1, 928i259 2; 856+496 3, 465+623 16, 0933, 155

12 700+129 1481+260
5 864+142 1, 7614317

717461118 1. 828+295 4,030+786 | 1, 889+296 2 418+388 2, 788+49Z 13,6993, 721
10 | 637+ | 1,319%173 | 3,526+596 | 16244308 | 2,205-429 | 2,475367 | © 11,7861, 859

634+106 1,351+214 \ 3,13564473 | 1,614+202 | 1, 986258 | 2,7224+543 11, 44242, 096
565487 | 1,1534-197 ‘ 3, 235+511 ; 1, 484213 | 1, 7972266 | 2, 127476 10,3611, 788

\ ,
0o 0|0 4ooai—|oo»(ﬁooa
© ~3

586-£111 | 1,1214188 | 3,449:623 | 1,678-+247 | 1,7664+303 | 2, 3274298 10, 92741, 851

5
301~350
i 4 | 516+83 941+158 2,9181+436 | 1,403+315 | 1,556:4-248 | 2,084+312 9, 418+1, 662
351 ~400 2} 313 863 | 2,174 994 1,022 1.535 6. 901
3 | 337£56 693115 | 2,305+411 | 1,2043353 | 1,095:£182 | 1.7 09+248 7, 433%:1,138
401~ 5| 247437 567189 | 1,6381215 848+159 821i]47 1, 306"-211 5, 4271859
2| 264 543 1,593 832 697 1,089 5,018

# ¢ undifferentiated lamination.
A averge of the undifferentiated and differentiated laminations.
O: differentiated lamination.
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Fig. 18 Curves of changes for the absolute cell den-
sity in each layer of the cortex in the
supramarginal gyrus in successive increase
of brain weight.

ABSTRACT

A Study on Development and
Cytoarchitectonics of Cerebral Cortex
in Supramarginal Gyrus (Brodmann’s
Area 40) in Normal Fetus Brain

Hee Back Park, M.D. and
Myung Bok Lee, M.D., Ph.D,

Department of Anaiomy, College of Medicine,

Seoul National University, Seoul, Korea.

The authors have made a study of the quantitative
changes in the early development of human brain
with special reference to the growth and the cytoar-
chitectonics of cerebral cortex in the supramarginal
gyrus (Brodmann’s area 40) in a sample of 122
Korean fetal brains (67 of male and 55 of female)
of which the age ranged from 5th month to comp-
letion of fetal life, The summary of the findings is
as follows @ —

1. The average thickness of cerebral cortex in
fetal age of 5 months was estimated at 0. 75mm,
and its growth pattern showed a rather rapid
until the 7th month of fetal age, and thereafter
with a relatively slower rate, it reached at mean
value of 1.62 mm in the age of 10th month.
The thickness of cortex was measured at (.73
mm on the average for the brain with the
weight of less than 50gm, and the relation

between the thickness of cortex and the weight
of brain showed that the development of cortex
in thickness was rather rapid in growth rate as
the weight of brain increased up to the level of
151-200 gm,
slowly as the brain got heavier reaching at the

and then it developed relatively

mean value of 1.67mm in thickness when the
brain got weight of more than 401 gm.

9. The differentiation of the lamination of cerebral
cortex was found to begin in earlier part of Gth
month of the fetal age (2Ist week of the ge-
station period) or, in terms of the brain weight
when it reached at 41.6 gm.

3. The absolute cell density of cerebral cortex was
found to increase with fetal age until 7th month
at which the density became maximum, and
thersafter it started to decrease gradually as
the fetus ages. As for the relationship between
the absolute cell density and the brain weight,
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10.

11.

12.

13.

the highest mean value of density was of brain
weighing 101-150 gm, and thereafter it showed
a gradual decrease.

It seemed that the nerve cells of cerebral cortex
might be increasing in number rapidly until the
7th month of fetal life, after that the
number of nerve cells would not increase sub-

and

stantially.

The sexual difference could be observed neither
in the thickness of ‘cortex nor in the relative
and the abgolute cell densities.
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