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Studies on Morphological Development of the Human Fetal Cerebellum
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Fig. 1. A greatly simplified scheme to describe the common mammalian pattern of brain growth.

(after Dobbing, 1974)
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Table 1. Weights and lengths of fetuses by gestational period.

37~40

Geﬂ?:,féig)pﬂmd Nurgabseeg of Body weight (gm) &?;:1’:‘ Eg;’f Brain weight (gm)
13~16 3 84~106 (98.7) 9.8~10.5 8.8~19.0 (15.3)
17~20 12 114~270 (197.3) 11.7~16.0 8.7~50.3 (37.6)
21~24 20 320~650 (467.3) 17.0~20.0 49.3~109.0 (78.4)
25~28 19 520~1,270 (871.1) 21.0~24.0 90. 3~216.0(143. 6)
29~32 16 700~1, 750(1, 254. 0 25.0~28.0 121, 0~267.0(202. 5)
33~36 4 1, 540~2, 100(2, 895. O 29.0~31.0 234.0~308.00273. 3}
37~40 2 2,250~3, 45002, 850. 0 33.5~37.0 328.0~354.0(341. 0}

* Numbers in parenthesis represent the mean value.
AfgHe RoBstAY, KR arl g B fHEY
Mo HAY £R Ue 4 EEOTs e  IM)
o8kl BEAA MRS A% (crown-rump length) & 3% oal /
¥o g Xorch L
R KR & BE 48 2 BEES F1% 2oL i
st Aot - /
20F
B #R sl
1. B HR 16}
fhlhel] =& /IS EES ML BEEA B "
B OGBS HEGDE W2k w2 3 wame 4]
Zeh BsEinel whel e EEL 28 M 2L
¢ ¢ Yz WHEEA W EE $£25~28FMm L A
BESE 1 LY AR \insted #3T~40HE Bl [ OF
Al T.631.9%] ok r
2. B RHR 8:
Qo] AIRES Ae], HEES W ¥ KRme = 6t
°lo) MIEMT #£3Fk 2 F4E 2k Folo] H3 -
‘Table 2. Cerebellar weights and their proportion to 4:
brain weight by gestational period 2l
Gestational ~ Weight of  Weight of Pti)o%c;;tii;l)n i
period cerebellum brain weight - : A
(weeks) M=+o(gm) M=ztoigm) M0 (%) ||3 7 2| 25 29 33 37 wks -
— e 16 20 24 28 32 36 40
13~16 0.910.2 15.31+4.6 5.9x0.2
17~20 2.3%0.7 37.64£0.7 6.4£2.0 Fig. 2. Weight of cerebellum by gestational period
21~24 4.0x£0.9 78.4%18.4 5.1+40.7 of HMEES 1 Wik O SiEeel M3T~A0EEEE
25~28 LLELS 143.6233.2 0 5.020.4 o} Al TS 2ol & 3.3040.40cm, Eoli 2.25+
29~32 10.2x2.4  202.5%37.1 5.1%0.8 0.35em7tx] #Hz 9o
33~36 14.7£3.4 273.3%26.3 5.4+1.2 3. O A BiE
25.6+5.5 341.0+13.0 7.6%1.9

faltol e JNEE S BiEe AR MEAAN %
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Fig. 3. Proportion of cerebellar weight to brain
weight by gestational period.

Table 3. Measurements of cerebellum by gestational

period.

Gestational A;E;ngo Transverse Height

period diameter diameter M+ag(cm)
(weeks) Mt e (em) M=+eg(cm) -

13~16 0.85+0.00 1.55+0.15 0.60+0.10
17~20 1.32%0.41 1.84=%0.30 0.8340.12
21~24 1.60%+0.38 2.35+0.39 1.12:+0.16
25~28 2.00%+0.48 2.94+0.43 1.5620.22
29~32 2.47+0.53 3.36%0.63 1.78+0.21
33~36 2.7340.11 4.06%0.17 2.156%0.15
37~40 3.30+0.40 5.00+0.40 2.2540.35

Anteroposterior diameter

m .
gt a---a Tronsverse diamcter

o—a Height

!3 IT ZI 25 29 33 3?
i wks

6 20 24 28 32 36 40

Fig. 4. Measurements of cerebellum by gestational
period
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Table 4. Histological findings of the fetal cerebellar cortex at the top of gyrus of anterior lobe of,hemisphere.

K Molecular Purkinje cell
e T i G S
Cell layer  Thickness ickness . . Cell layer  Thickness
(weeks) Mebo Mot () Mte () Maturity  Density Mo (g M=o M2 (1)

|
13~16* 4.5240.5 26.0+4.0 28.0%= 6.0 — — — — - |
17~20 2.720.5 22.1+5.4 57.1%+13.9 —~+ — — — — ‘

21~24 3.3+0.6 23.4+3.6 53.4+17.5 + 1.7 (14.8%5.7) 5.5x3.1 50.7% 25.5

25~28 3.7£0.9 25.5+8.2 53.2+16.9 +~+ 1.6 15.4=5.9 5.8+3.9 52.3* 20.5

29~32 4.240.8 27.4+7.0 48.54 8.4 + 1.9 16.2%3.9 6.7£2.9  61.24 30.2

33~36 4.51+0.9 27.8%7.0 67.0* 6.6 H 2.0 — 12.5%5.6 175.0%131.9

37~40 4.0%0.0 26.5+1.5 61.0x= 1.0 At 1.0 — 20.0%£0.0 250.0- 50.0
*

The gestational period between 13~16 weeks represents very early development of anterior lobe of cerebellum
without clear distribution of folia. Therefore, the data have different meaning from the rest. It can't be
regarded as top of gyrus, wall or bottorh of sulcus.

* Numbers in parenthesis represant the m2an valus and stantard; deviation of less than one third of cases

* —; not observed

* +, 4, ##, t# represent the maturation degree of Purkinje cells, see text

* EG layer; External granular layer

L.D,; Lamina dissecans

IG layer; Internal granular layer

Table 5. Histological findings of tha fetal carebellar ' cortex at the wall of sulcus of anterior lobe of hemisphere

- Molecular Purkinje cell
G?ﬁ?ﬁ)ﬁnal EG layer S T}l?yker _ layer Th%él?rless 16 fayer
Cell layer Thickness ickness R . Cell layer  Thickness
_(iveeks) Mot Mtoln) Mio(m Maturity Density Mzto{g) Mo Mto ()

| 13~16*  4.520.5 26,040 28.0+ 6.0 —
17~20 3.5+0.5  3L.0%3.0 56.5+11.5 —
21~24 3.240.5  23.8+4.1  54.7414.8 + 1.9 (23.149.8) 5.442.9 54.8+28.4
2528 3.840.9  26.747.4 59.2+10.9 +~4 2.6 20.2+7.9  4.8%1.1 47.1+ 8.6
+
B
it

29~32 4.0%0.5 28.14:5.6 53.3+14.4 2.6 13.6+5.8 5.4%1.5 53.1+20.8
33~36 4.3+0.9 27.816.9 63.5+21. 3 2.3 — 10.8+2.6 139.8422.9
37~40 4.540.5 30.0+4.0 61.0+11.0 1.8 — 15.0+£0.0 162.5%37.5

¥ See the footnote of Table 4.

Table 6. Histological findings of the fetal cerebellar cortex at the bottom of sulcus of anterior lobe of

hemisphere
O Molecular ~ Purkinje cell T
Glgi;aiggnal EG layer hlay er layer ThIféEﬁess IG layer
Cell layer  Thickness Thickness . . Cell layer  Thickness
(weeks) Mi—g Mio() Mol Maturity Density M=%o(w) M-to Moo ()

13~16* 4.520.5 2.0 4.0  280% 6.0 — — — - =
17~20 3.34+0.3 3.0 3.0 62.0% 6.0 - — — - —
21~24 3.2+0.3 23.9k 3.3 55.4%13.0 4~ 2.8 (22.3£9.0) 4.3+40.6 44.5+10.8

25~28 4.3x1.0 32.94% 9.3 51.8+12.4 4+~ 2.6 17.5%5.1 4.74£0.9 49.1%+11.3
29~32 4.34+0.8 33.8110.0 51.03 6.6 -~ 2.9 13.91£5.1 5.9+1.5 b54.3+12.2
33~36 5.440.6 37.5+ 2.6 50.5%12.6 #~ih 2.3 — 9.3+1.3 110.8+35.0
37~40 3.8+0.3 26.5% 1.5 53.54 8.5 1 1.0 — 8.5+0.5 86.5X18.5

* See the footnote of Table 4.
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Fig. 6. Thickness of external granular layer in ant-
erior lobe of cerebellar hemisphere by gest-
ational period.
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Fig. 7. Thickness of molecular layer in anterior

lobe of cerebellar hemisphere by gestational
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Fig. 8. Thickness of Internal granular layer in ante-
rior lobe of cerebellar hemisphere by gestati-
onal period.
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Fig. 11. Thickness of external granular layer in
posterior lobe of cerebellar hemisphere by
gestational period.
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Fig. 10. Number of cell rows of external granular
layer in posterior lobe of cerebellar hemis-
phere by gestational period.
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‘Table 7. Histological findings of the fetal cerebellar cortex at the top of gyrus of posterior lobe of hemisphere.

Glsstgit(iional EG layer Mollgr:gl]'ar Purkilr;;ee rce]l hI'J. E IG layer.
T v
13216* 3.0:0.0 28.0= 0.0 — — —_ — — —
17~20* 4.1+1.3  30.4+ 1.3 742+19.2 - — — — —
21~24 3.8£1.3 31.9x11.6 6l.6x£15.4 + 1.1 (16.5%5.5) (11.3+7.4) (167.9-+109.8)
25~~28 5.8%1.2 38.8+11.2 52.6+ 9.1 +~+ 1.9 20.6x11.5 6.7+2.9 67.3%x 39.2
29~32 5.4+1.2 39.14 8.7 451+ 9.1 +H 2.2 18.4+6.4 5.1+1.3 46.7x 10.8
33~36 5.2X0.5 34.7+ 7.5 60.0+16.3 # 2.3 — 16.0-+5.7 253.3% 55.7
37~40 5,.0£0.0 34.0+ 0.0 90.0% 0.0 it 1.0 — 20.04£0.0 500.0% 0.0

* The gestational period between 13~20 weeks represents early development of posterior lobe of cerebellum
without clear distribution of folia. Therefore the data have different meaning from the rest. It can't be
regared as top of gyrus, wall or bottom of sulcus.

* Numbers in parenthesis represent the mean value and standard deviation of less than one third of cases

* —1 not observed

* 4, 4, #, Ht represent the maturation degree of Purkinje cells, see text

* EG layer; External granular layer
L.D.; Lamina dissecans
IG layer; Internal granular layer

Table 8. Histological findings of the fetal cerebellar cortex at the wall of sulcus of posterior lobe of hemisphere.

. Molecular ~ Purkinje cell o
G;:;?éaonal EG layer o Thayl?r layer ThIi‘éEfless ‘ 1G layer.
Cell layer  Thickness ickness . . Cell layer  Thickness
(weeks)  "Mo Mtols) Mio(p Metwity Density  Mxolw) =y P oo

13~16* 3.00.0 28.0+ 0.0 - — — — - -

17~20* 4.1+1.3 30.4%= 6.1 74.2x19.2 — — — - -

21~24 3.9£0.8  29.9%x 5.0 bH7.3%17.1 + 1.3 (29.0%7.0) (10.6x6.1) (125.3%63.0)
25~28 5.7+1.2 38.7+ 7.3 55.1+10.1 +~+H 1.9 22.1x4.0 5.9+2.0 62.1-£32.6
29~32 5.6x1.2 39.6x 8.9 50.6+13.9 1+ 2.6 21.1:1£5.9 5.2%+1.5 53.4=11.8
33~36 5.7£1.2 37.3%10.8  48.0% 6.5 H~ik 3.0 — 8.7+4.5 91.7+69. 6
37~40 5.3%0.3 39.5+ 5.5 91.0x11.0 Ht 3.3 — 17.5x2.5 325. 0£25.0

*See the footnote of table 7.

Table 9. Histological findings of the fetal cerebellar corteux at the bottom of sulcus of posterior lobe of

hemisphere.
Gestational EG Tayer Mollecular Purkilnje cell L.D. IG layer
Period - - - ayer . ‘8¥er Thickness -
(weeks)  Cell layer  Thickness Thickness 0 o =0 o vy o Thickness
M=o Mzo(u)  Mdag(u) VU  Lensity - M+o M=o (g)
13~16*  3.0%0.0  28.0% 0.0 — — — - - —
17~20*  4.141.3  30.4% 6.1  74.2419.2 — - - - —
21~24 4.9+1.1 40.6+ 7.2 53.5%13.7 + 2.3 (17.9%4.9) 7.1x2.8 109.4%37.9
25~28 6.0E1.6 46.8+13.8 48.64 5.0 +~+ 2.5 22.015.0 5.6+1.8 57.2+24.1
29~32 6.4x1.2 45.6x 7.5 48.8+13.8 H 2.8 17.5+7.1 4.8%1.3 49,5414, 7
33~36 5.7x1.2 43.0116.4 44.3%3.3 + 2.8 - 6.342.6 77.3145.9
37~40 5.56X0.0 45.04 0.0 79.0+11.0 H 2.3 — 15.0+0.0 150.0425.0

* See the footnote of table 7.
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Table 10. Histological findings of the fetal cerebellar cortex at the top of gyrus of vermls.

Gestational EG layer M(lllecular Pur{sinje cell L.D. 1G layer
Period - Thgylfr ayer Thickness -
(weeks) Cell layer  Thickness ickness @ tv  Demsity Mza(n)  Cell layer Thickness
M+eo Mto(p)  M=to(w Y y Mza Mza(e)
13~16 5.2+2.0 37.3=x11.6 39.3% 8.0 - — — 4.0%0.0 34.0+ 0.0
17~20 5.3x1.2 40.1+ 9.9 61.0%22.2 —~+ 1.0 - 7.0£1.8 89.8+ 30.4
21~24 4.1+1.2 31.4%11.2 51.9%13.4 +~+ 1.7 (14.3%4.5) 7.5+4.4 113.1% 73.1
25~28 4.240.9 28.5+ 6.9  42.1415.7 + 1.7  (19.542.5) 11.2+6.2 121.6% 72.9°
29~32 4.5+0.7 29.84 7.4 37.8+10.3 H#t 1.7 (11.0+0.0) 13.8+H6.2 140.3+% 80.8
33~36 4.8+0.8 33.5% 8.2 48.3+ 2.0 Ht 1.4 s 12.8+£7.3 187.0%155.7
37~40 3.5%0.5 25.0+ 3.0 82.0+20.0 Ht 1.5 - 20.0%0.0  300.0x 50.0-

* Numbers in parenthesis represent the mean value and standard deviation of less thanone third of cases

* -

. not observed

* 4+, 4, 1, ## represent the maturation degree of Purkinje cells, see text
* EG layer; External granular layer
L.D.; Lamina dissecans
IG layer; Internal granular layer

Table 11. Histological findings of the fetal cerebellar cortex at the wall of sulcus of Vermis.

Gestational EG layer Mollecglar Purlkai nei: cell L.D. IG layer

(Periid Cell layer  Thickness Thiiliniss . . . Thickness Cell layer Thickness

weeks) Mo Mta(w) Mol Maturity  Density M=o (g) M-to Mo ()
13~16 5.54+0.5 42.0+ 8.0 39.0H17.0 - - — 6.0x2.0 62.0+28.0-
17~20 5.5+1.2 45.1+11.1 46.2-4-18.0 + 1.0 — 6.41+1.4 76.61+24.1
21~24 3.9=1.1 31.2+ 8.7 44.0+13.2 +~H 2.1 16.3+4.2 4,0£1.2 55.0%15.6-
25~28 4.5%+0.9 2.3 7.7 41.1%+12.7 +H 2.1 (12.2+4.5) 8.3+4.1 85.0£42.2.
29~32 4.3+0.8 30.2+8.9 46.2+11.1 H~# 2.0 (15.8+4.8) 8.71+4.1 87.5%45.1
33~36 5.5+1.1 37.3x7.9 57.5+12.6 Ht 2.0 - 10.3%+5.1 106.0+56.4
37~40 4.0:0.0 22.5+0.5 101.5*11.5 H 1.8 — 15.040.0  225.0£25.0-

* See the footnote of table 10.

Table 12. Histological findings of the fetal cerebellar cortex at the bottom of sulcus of vermis.

Molecular Purkinje

cell

Gestational EG layer L.D. IG layer

(Perif{)d Cell layer  Thickness Th%?:g::ss '18)781' ; Thickness Cell layer y:I‘hickness
weeks) M+o Mio(w)  Mto(y Maturity Density Mto(w) Mo Mta(m)
13~16 6.0x0.0 53.5% 8.5 39.54- 5.5 — — — 8.0x2.0 96.5+28.5.
17~20 6.3+1.2 57.8+12.5 48.9+15.1 + 1.2 — 5.0t1.4 57.0=x11.1
21~24 4.5%1.2 35.3+11.3 41.7+10.9 + 2.6 14.6+3.9 4.8+1.0 54.1+18.6
25~28 4.91+1.3 32.8% 8.6 43.2+11.6 -~ 2.6 (13.6x2.7) 6.3+2.0 58.8+17. %
20~32 5.1x1.1 35.8+ 9.3 44.6£11.7  H~vift 2.3 (9.3£2.3) 7.612.9 70.8132.5
33~36 5.8+1.3 39.8+12.0 58.5+ 8.2 Ht 2.1 — 8.3%3.0 80.51+36.6
37~40 4.8+0.8 31.0% 9.0 101.5X11.5 i 1.0 - 12.542.5

* See the footnote of table 10.

— 218 —

156.5+44.5




—Hwang, Y.S. et al: Studies on Morphological Development of the Human Fetal Cerebellum—

SHERES MRS el e B HI15
B, ABuE TA9 #e #Be 16\, FTE F

T

60
50r N

40}

20k +——e Top of gyrus
o——o Walt of sulcus
1oL % --%Bottom of suicus

l3 IT 2,I 25 29 33 3l?wks

I6 20 24 28 32 36 40
Fig. 15. Number of cell rows of external granular

layer in vermis of cerebellum by gestational
period.

201
X >——e Top of gyrus
Fak e——c Wall of sulcus
- A----4 Bottom of sulcus
1By
14} !
n /A
12+ // /
Tol3 <
- // !
g =0 &
8’: A_\ . // ’),—
o e S
] / W N
4_
2.
|3 17 2| 25 29 33 37

wKs
I6 20 24 28 32 36 40

Fig. 17. Thickness of molecular layer in vermis of
cerebellum by gestational period.

Ae Wit @B HITH, ABRES MREERS #
ftaBE HI1SE U ABNE Sa i A% &

(3%

3t ——= Top of gyrus
e——o Wall of sulcus
2+ &---» Bottom of suicus

l? g 2'5 °b 29 33 37
1

6 20 24 28 32 18 40

Fig. 16. Thickness of external granufar layer in

vermis of cerebellum by gestational period.

wks

|
[oor i
L /
30 +———s Top of gyrus f
;‘ o——o Wali of sulcus oy
8OF 4---4 Bottom of culces ; /
] /

L 1 : L L

|3 l? 2I 25 29 33 37
IG 20 24 28 32 36 4O
Fig. 18. Number of cell rows of internal granular

layer in vermis of cerebellum by gestational
period,

wks




—RER = BEA BROME pE BE—

A
500+
450F . _, Top of gyrus
o—— o Wall of suleus
400+~ i----4 Bottom of sulcus
3501
300|~ :
/
250r /
/ /9
200¢
tf‘/
150} /A
, 100+ A e ___.___0//0//1
\\ o /O “—___‘
o S Ny A
50F B
l3 |7 2I 25 29 33 37

l6 20 24 28 32 36 40

Fig. 19. Thickness of internal granular layer in
vermis of cerebellum by gestational period.

19 &% ERs ot

AR ERB BB PHPAA xo 9
BPES of W13~168IBTe A —FssT B o
BITEHES, #a 2 BESE Eastd #Eg & 94
o ABREY ERESE BETH <1 mEg
9ot H21~368Me] ARl A= 3.9~5. 8071 A BR
stz HI7T~40EMBES AR B thfEstd o
SENE FAE ®21~36EBe &% Ao 285
~39.8u FEo] Uizl HIT~A0EEEY AN E ®
LE 7] whitesg . BSAdAE R E  EEEmS
SHEEES ARERY F471 EESS Axd Em
el gl &g JEs o (PIsM, H16H).

SfEe FAE HERY Aol HIT~20EBRC
ANE WA Aot $20~32 88 LIERY AdAe
SR E 2 BESY] A #A~4EAREY AR
BB HmEs welvhrl #29~32BM LIkEe] AN

B Eigstsl v LT,

Purkinje #lf9) gCHS RIS ZAnc o 94
Tsl o] #I7~20BHBEY A4 BE(+H)] BhEs=
H3I3~3CEMBES  AolA BEEMD  Edgd
Purkinjefiffie] FEEE: $£17~36 89 %82 A
WER Zlof HTEMY Andy HEELT #36~40
BT A= HEsA 9

FER-S EERA AT $£21~32508 Aol &EY
29 PEAAA HEm=gon] BEEE I MESA
= W2l~2480] A A 2 HEs Yot o LIS
2 Fel e AEA A EeEs o) #33~36388
#el prel Zl = BEEHA geor PEHEIAY
SEFE A A EkEE BHEe 2y

PR ES] MIEES ¥ FA = AR Hine
whel AR HER B Wing 2ges 2
MR B = H2~24iB LENS AXY Seslgz
2 FAle F20~-32ZBEBLBRY A4S Zgsdd
EIIES e EEge] A& H#std 29 gLII~2088
LAgs 2#o] A 3e fgwvo = MERE NENEY @
MRES 547 @ESY Axd o | e glgel
BE= A (HI8E, H19E).

I

PiRRRY BEEEAA MBEY LA MRBE
el EARel FIEE MM 2 BA ovl BRE=
oo EBEG &R AFL o4 BERA Hd BRE
Wil Soi7tAl =9 iR olvl 493 44t=
iRl ol 2A| = rl(Larroche, 1966). #& HWEL2 o]
BRR el A EMRMARME A 27748 hiEmE S
B Frel el Bige Herow o).

Scammon%%(1924)] &&= /i) BEEL M 2
5A H#ERE XM 8% HEac webd A 44 18
A S WAY DS ¥ Kl FEgda sg
25 DobbingZ(1973) = /e BBEENE KBRY
Wiy Kfiuc daad 98 B g
Fo(plateaw) o] F#ERcotz sgch #1963)9 HEo
A5 Al 578 kel BE w2gds g K
BiRol A= F2LEE LUAT-E 2 Wmimsle MEE
of B3 tEAE FWWHE B{inst whfEetd ok &
HERIA KERY B BEoHE FRE M SE
< 5.7%, 2R 7.4%, @A 8.5%, 9EA 10
%, 18fE Aol 10.6%2 HWAMEH olEctz 39z
(Friede, 1975), Larroche(1966)€ ¥R T & F4& R
oA A 4~B%, AL T~10%2t2 S5 o & BE %

— 220 —




—Hwang, Y.S. et al.: Studies on Morphological Development of the Human Fetal Cerebellum—

ZE HEHY Eho GREA dgteng BEE It
B3r = mEEstA o £(1963)9 BEAAE il &
10Ae 5.56%=t=2 P ov, & REANE $#33~36
el 5.41.2% 92 H37~40iEHN A 7.6:41.9%
= olu] WinikEeE B FHt

I AEY REHAE BRBNZE HEYE 'R
49l 2} Rauber-Kopsch({1955)o) 3t BLA 7 \ige
HE2 99~110mm, AjHEEL 40~60mm, LTEL
30mmezts sted FEIT~A0EEES) A9 HETE2  dgol
5.00cm, RTEEES 2 ol7F 3.30ecm, o] 2.25cmel &
BT ke B RAEY o 50%, Eole &
7529 EIA Tt #M1963)2] BES BRI RERE]
A FE& BESE & REke B ke @Egstd
ot B 53.09mmE A HERE v el B
FiliR= ¢ g e iclh BEiE Aold BEol
ILERY 2H ol Ffgdtz Folel kdtel fERAHAR
el BAMES 50%9 212 Hgtkdx #HEmE Ao
7b Eolel Hhuel khdted 2elny ST Holdm
¥Heste] mgtch

NS Al EBiEe) BtEled A Larseli(1934, 1937)S
£12~13F#Y Aol A %M Z(posterolateral fissure)
ol 74 mA e Belety BQ: 2 e —
Fol vetdvtzm it kK HEHKAdME LT —
ol vehdt ol z LY Bae A
FMEME) Wizt Aoza FEhEE BiFEDA
EES RS B F1SERECT F40EBMEY 508
2 Ems = £ 10EA = o 2157 I HEE
9 Aolsb < 20f% HAiy YAElme RKEH 2
FThne o 2,000f825 A ZH= o} (Rakies}  Sidman,
16700 olei %t FEES Eins T ATREY EE
o R EHmEctz 4=z elzlo] @Kl M
FE e MRA WMES 9loh (Sievers 5, 1981;
Allen 5, 1981).

Hegm FRLE M REY BiEdAd AERES
e S HRe BHEoR4 o BY #Mivs S
o] R4%EF B (subventricular layer)o] A &zt A
ZE vk o] METRY Miie oS pEMESR A ot
olA7hA 2 Wik EBEE dotz WAy o
ZIAEH HiEe oE Aoz BE, WEEstY /g
HE B EHS MEB#RE BRsA = o(Altman,
1972). HBIRIES) MME o) METHEAA &ES
% 8 BiRTY-¥ MEMFE (germinal cell) 7} BEyste )
Fe2 BEE Ware Al FEX-l 8 sz 3EA
o MEEBHWe R B MY 2 AFEE dod
A HHENES P (Rakicst  Sidman,  1970;

Sidman=} Rakic, 1973).

= BEAAE i #£15~16EH  E ZFel A
SHENTEC) R AUz o] RS L @B A
o] elx AsA Mg e JlAz g o
RIS WEL B zlo) $EkEy A Mo
MhEe M= wx SAL FAS REE g

42 RS

Rakic%(1970)e1 9 &l™d ££19~20M AERFL
5~6Fe] fIE o]l Fo Avtw & 2 FA & 30~
35p0l Atz P 2 FHY HTREeR gA=EE
BE @iEe S = 35~40u0) 2tz s1ad. ® BE
oA @) AFKEY HRENE Rakics #Hzm
vl il s 29 AEREY FAS STEY FAE
HES) Wze) whel &L EZRA SR H @
9 EESAMNE =9 Brest dEsigen SERm
dAe STEo BiEel © =4 #iTE ek Rakic
(1970)9) EEe) #HY —E #Hrks T4 BE
T AYE A4AE & HES) B —HEz gz o4
il Aot @il Bl AFKEe ERERY F
Az e BEBRM #igd —FPE BRKolstn
st o

F20~21EHE Difgol N BES =REdA 7R
W2 BFEA ox 15~20p F49 SEiR (lamina
dissecans)o] YElvA| = 249 o]  Purkinjelifi F st
AEKE Alele] veive d@ls s BozA o
Friie fraysl BrAel sl 3=t (Rakic® Sidman,
1970; Friede, 1973) o] ZEitRS Rk el %8
4 o) F 2 A BoEA dseld FEmul g
BEBEN A —Hpe R HESY. =2 9 Egdde
2 4 gle ##etw gt (Sidmanst Rakie, 1982)
o] WeiAc] 5L (1) A BB (2) F8& (3 Purkinje
HiMelE (4 8 G)RBERBoZ 5o gt o &
BiRe A Fell e A Z2HAd A WE= = Aol o
3 OEERAA 1R ﬁg.ﬁ Ed ol & Rakic(1970)%
2 JmEs st o) SEES A A FA H
3t 32 Lk AdAde WEkEdz o2 8
2 Rakic(1970) % Friede(1973)¢ BR#E 3 —HK 3=
Ao ZEel AolA xo A% EeIE fHEo
L3t

F27~28R8] Aol M= ABRE FTEL &£
3 BT giort Fod Hald M¥Ee %7
=l o] MMl Folx &= fHAE =2old Purkinje
MM Ml AA T 7 Patko] Folalz 1~2
Sz g =e] gle] ¥ Purkinjeiins sp{k=le) 7t
& 9 T U

— 221 —




—EHER % BEA BRI BEN BE—

Purkinjefiizel £ty ki) BES Golgik
o festol §EslA V(Zecevicst Rakic, 1976) Rk
By J7y:(Bernhardte} Matus, 1982)% o2 B} jE
s WRET 4 Aoy Ll FBsha ok AR b
E49] PurkinjefBiEo] &alA e = SRS #H B
&7 g a2y @13EEe] 29 Purkinjefiii:
SEES AERE g o H16EER
Aeld <8 BE HHEEE S g2 HRLE
2 wiEs we ey 2 Aue mich $H2LEE
o RelAE 2ok o] g7 ok —Fg HEEA
= Zalm, $25~308#e A Dl Aok v EL
Purkinjedff-t —712 wdsz BREEE o BE
He] HikEe 9A Hokz  gh(Sidmanst Rakic,
1982) Larroche(1966) = $32#E: Llgiel A4 = A
mErEe BREel A Purkinjefifi s BZEY 4 W
I sy AEEmelAE PE #ERe] M Purkinje
WiRe Bike A Az, webA F208E B
#o) Ao —F2 Wgx PurkinjeMinE MK
¢ @okrh. Altman(1972b. )% B4R A Purkinje
Mye) e ETECd ¢ ACHESE 2 BTHE
o fiESe] SRR BASE oY & BEdAE
Ramén v Cajal(1060)8 BEEE ZEystd 4RMZ E
Setedl BES o

Purkinjefiifie] @i 5459 MEHE HiEstd
B Hors WgEsts ol (Braitenberg& Atwood,1958;
#b, 1963) Braitenberg(1958)¢} #b (1963)2 Purkinje
Wiy OES A BESA A 2 o #E@stcte 3
Aot ok BWEAE 25 2o EEFAA LG ¥
gl A e ol HES(L ol H21~36EES AW
2] 7l Al g2z gich. DBraitenberg(1958) & el=i @t
Purkinjefiin ®rEe R EHRA e ks
= ATEY 29 ER <A FEIN A% AR
oletz HmEstm Lot oA Bl Ed EkflAl
el EEelnE & BHEEENY B R R
o #M1963)& Nals 28 A Liggel Ze] Purkinjesfiiy
9 #wEE pikEds S92 & BRAAE H29~32
W ke A A Ze {Himel &S zev
hiE bl ERREQ) #521~365AME Abele]l o)Al BER
o] A ¥ch EERS A o Purkinjefii EA R 2
o mE AEREL HEEY FEieEY vehvie =R
®el BREs BH(Maresst Lodin, 1970; Allen
., 1081; Sievers %, 1981)¢] 3= Hoz 47
.
FILEW LI Ad A SHitEe) HeIR P K
Be HFHAA R Sol7tA sl 2 Rakic(1970)

A ol

£ o] Eeie]l AEkIES MREH 2 FAAE £ ¥
{£7t A== st ot & B A= £ Bbstes |
o] 43 EEZAA BEIQLE v RAY =R
o2 3 REZY BEBESZ AAasldd o AR
BES WEk 2EARY & Hode wE Bk
Frifle 40 g% wat 2R 3l o} Friede(1973)
o tratm IS LA E £ 4~13EA, #REA
= 4~9f Bl 2tz 390 = Dekaban(1970)o] 43 H
W AEKES M 8~127, Hid 3HREA
o) = 5~8%, 6B+ 3~57l, ofEAdE 1~279
Mo Easart 12@A0 A4 o Lk HES
A gedr A

B SFEY FAE EREFFd &% 2 PR
#IE] AL 80~100po 2 HEinE ol FEA 900~1104
o) g}z #4E38 Rakic(1970)8] B|E F L0pA =9 #
RS ol ok ZEx Hiffd =& EESN BRKER
oA e Eigke] fiEe FEsh Brkile 2R
= otz A4slth Friede(1973) T8 Fr &
it AN RERS Ax A Aol 4R fafE
5o} AWl A= H30:EM, BN H38EE =t
2 g ok BWEAAE I AN SFES H
7t €= patesle] #20~32FEe A FE FEs R
mely] tafestel e R g AdME and &P
Fo} H33~36E ASE Wmste wE] FHelA
= EREEFRY Ad M= HpIT Wtst Adsich

RERES BiEe 2 DEPEREA A S #2038
ol A= BiEsE MRS *HT Pukinjediz #
ol Birelel K ENEE B BRIA EIn
Qg #20~32iEMke) A RE Mmsr  shfEstald.
AN BRI A & E208Ee AR mE B
HE REEEC BREA $gz #2~248EHS A
A= pERE 2 @HEEst AAE gifsle 4
fBozal gl A migs o] 2ol HHEE i
¥ oz EIEE H25~288H9 AdAN MR
9 =7l e8d WA AL BiEE ¥olA
Qich =Pl H29~328l Lk ZAdHEe FEd
WREES FA 7 Eneta =z o8 d HES Friede
(1973)9 &A= 59 »F Ak

# WEol A FEIRS, BEE 2 BERES Egdo
eyl P SRS 2 H20WE D AN SR
oF @l A &% BT SERES WEXN Ad4
o MRS B FAC FAN ey AREREE X
#z EERY AdA o MEgrt gz w7+
Aee Fae] BEY 4 gk o3 HH-EMares
#:(1970) Sievers# (19813 Allen%:(1981)¢) W%l A o

— 222 —




—Hwang, Y.S. et al.: Studies on Morphological Development of the Human Fetal Cerebellum—

ol AERIES 4, MM 2 g J@ #inst
o TE ASNM Rt o 283d “TAALS H#
(buckiing)”iﬂr Ze Aoz @ERS #ES RBETL
Qe & BEdAr e HHEE fHED 2 Utk
:4‘—44 Al B2 Inouye(1980) %o} BiH R
A FEfEol s R (straindel = HEEfoliation) ]
Wfes] Y Bt dE F olthz sled MM &
HE wcin dlglot HESMe 2E Rel —XM
o= veidrly) R AR B o9 %
(foliation)o] ol 4#fT3alz o]l W& R HRE

£ Fi(fissuration)o] TRz QAR o

B et e fERIARE wE /NE EEHR £EY
Big BES o FEEpEe vl SEE NE R
ol glolAd HES BAY shriolA gl zoex
FEE 2 BiAC BEY BiEST PESM B

wl A £ W) 719 olol MY ML AWZE W
R LR R

B W

wBEA [R5 I TeHE HEoE e w#E
RGel BRI P RHEERe HESEHS RS BE
a4 oh.

1. g EEL H25~28E aﬁ’* u% T ABE &
*ﬁﬂcﬁ }ﬂﬁ:aufﬂl_ feEge 7 1 st ot

BN mﬁu %ﬁﬁ kt%“ﬂ’] —EatA st
0»} BERE S tEe) &ikES  Eelxch Mol o
/\\D]'-

3. /pBES) sMEREEL BE S13RE Lt HWEH

e A wE E#FZi(posterolateral fissure)} st —ZRE

(primary fissure)o] olo] R gl = F S
3 o N EESE B g¥E(foliation) & &

ol /‘1 Jb RERE A 2t 9 e Aok

L P EHEY AR ﬁ?ﬁ% —fEste] BRI A
—4 BRige] -BREIHE 3 B ZAEo AF ETHY
o},

D shgrEe finER 2 o 54 s ARPBERY
Al A mAbskE HEe 2o SFEY FAE M
el Aol A e #2328 LK Y, B
#EEe) Zloll A& E33~361RE LIERe 2R B
g FTRE Bgrch

2) Purkinjefiifi®) FiEe Sifel XL H33~36HMl
BEo) A A olv] EFAT MEEE HElwo vt 4R
Al A HIT~40EEBT A b2 RIG B

HEE —FE Wl dsle] el gl Purkinjedfifive] EE

E H2~36EBI] A FTS EEHSY AdA
2ot BESY AdA o @,

3) 4@ (lamina dissecans)-2 #21~24i8MEEe] 2
Vel EEms gl o #20~32;B% LI B AdMe
s o) WEE A ggken 4rEREe AR AFe
Al A o 94 ks = HEE 290t

4 ABEREY MREER 9 o FAE 4Tk WEs)
HEEN A JAE HI3~20BH Ao1o  FFFS AdAe
2 EES BEe oMl ode HEd 7 dev &
el Aol Ay Eido] U EfrEe z BlEC] WEE
sl on EE U #H; AdA ZF HF9~REH
LREel AR o giERg FA7L g8l

5) EEMY HERAAY nREE A H25
~28 DitE AT Ao A AEEES MhEH ¢

7l e Aol HWIESY Axnch o #EmEdz
REe REREY oie mEHY Ze JEHA A
2o oo #nEel ddd. o BEERL ME S
B Bl F gl Hel=t devh

5. LiEsr zre #i%m RS ®iSdd IhRe S
TESRE ANEE TERmEel HEs —EsA st
o FBiEs =9 ol MEEHEBS MEE 2 Skt
e BBl ok Bgkoh

Fem Kk HEHE gol MR HiEs Sk #E
ol BEEE Iubd A SRR BRUESLE ST FHERL
Bl BalnFoh

—ABSTRACT—

Studies on Morphological Development of
the Human Fetal Cerebellum

Yong Seung Hwang*, Je G. Chi**
and Kwang Wook Ko*
Department of Pediatrics® and Pathology™*, College
of Medicine, Seoul National University.

To evaluate the morphological development of cer-
ebellum 76 specimens of Korean human fetal cerebel
lum were studied. The fetuses were products of arti-
ficial abortion with the gestational age from 15 to 40
weeks, and were proved to be normal after complete
examination of fetuses and placentas. The weight of
cerebellum and dimensions of anteroposterior diame-

ter, transverse diameter and height of cerebellum
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were measured. Blocks were taken from 5 different
areas of hemisphere and vermis and analyzed under
light microscope.

The weight of cerebellum increased steadily by
gestational age with a surge at 25~28 weeks of
gestation and reached 7.6% of the total brain weight
by term. The measurements of cerebellum also incre-
ased steadily with the gestational age, and the trans
verse diameter increased more rapidly than the height
of the cerebellum.

Grossly the surface of the cerebellum revealed
characteristic features by the appearance of postero-
lateral and primary fissures and foliation. The foliat-
ion became first noted at the vermis and then was
followed by anterior and posterior lobes of the hem-
ispheres.

Histological development of cerebellar cortex was
more progressive in vermis than in hemispheres,
anterior or posterior lobe, in general. The number
of cell rows and thickness of the external granular
layer decreased at the term of gestation. The thick-
ness of molecular layer increased in the vermis and
in the posterior lobe of hemisphere from 29~32
weeks and 33~36 weeks of gestation, respectively,
but it showed no significant change in the anterior
lobe of hemisphere.

The Purkinje cell became morphologically mature
by 33~36 weeks of gestation in the vermis, although
there was a 4 weeks lag in the hemisphere. During
the period of active development the density of Pur-
kinje cells at the bottom of sulcus was greater than
that at the top of gyrus.

Lamina dissecans was a transient structure that
was recognized after 21~24 weeks of gestation and
disappeared by 29~32 weeks of gestation. The disap
pearance of lamina dissecans in the vermis was earlier
than that in the region of hemisphere.

The number of cell rows and thickness of the
internal granular layer of the developing cerebellar
cortex could not be seperated from the underlying
white matter during 13~20 weeks of gestation in
the anterior and posterior lobes of hemisphere zltho-
ugh it could be recognized during 13~20 weeks at
the region of the vermis. The number of cell rTows
and thickness of internal granular layer increased

rapidly after 20~32 weeks of gestation in both hem-
ispheres and vermis.

Comparing the development of the top of gyrus.
and that of the bottom of sulcus, it was apparent
that the number of cell rows and the thickness of
external granular layer at the bottom of suleus were
greater than those at the top of gyrus, whereas the
number of cell rows and the thickness of internal
granular layer at the top of gyrus were greater than
those at the bottom of sulcus. These observations.
were regarded as a mechanism of formation of cereb

ellar folia.
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Legensd for Plates

Plate 1. Ventral views of the developing cerebellum. (left column) Form the top, 13 wks, 16 wks, 18wks,
19wks (right column) From the top, 23wks, 28wks, 29 wks and 31 wks of gestational age.

Plate 2. Posterior views of the developing cerebellum. (left column) From the top. 13 wks, 16wks, 18 wks,
19wks (right column) From the top. 23wks, 28wks, 29wks and 31wks of gestational age.

Plate 3. Temporal changes of the cerebellar folia during gestation. 3-1, 13wks, 3-2, 16 wks, 3-3, 20wks,3-4
22wks 3-5, 28 wks, 3-6, 29wks, 3-7, 33wks, 3-8, 38wks of gestational age

Plate 4. Photomicrograph of the cerebellar folia. 4-1, superior vermis, 4-2, inferier wvermis, 4-3,

hemisphere and 4-4, mid hemisphere,

superior
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