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ABSTRACT : The objective was to use MR imaging to provide a template of posterior fossa development during
the late stages in the chick embryos. The MR findings were then correlated with histological data. Fourteen nor-
mal formalin-fixed embryonic specimens with a gestational age of 14 to 20 days were examined with 1.5 Tesla
unit MRI using a conventional clinical magnet and pulse sequences. The MR findings were correlated with the
whole-mount histological specimens. Resolution of the morphological features of posterior fossa development in
embryos greater than 14 days gestational age was possible. Development of cerebellum, brain stem, 4th ventri-
cle and bony posterior fossa was documented. In the 14-day-old embryos, a premordial cerebellum was visual-
ized in the enlarged bony posterior fossa, and it covered the the roof of the primitive fourth ventricle. The bony
posterior fossa grows at the same rate along the supratentorial skull, The supratentorial skull and the rostral
part of the brain grows at the same rate. The cerebellum begins to grow later than the rostral part of the brain.
In the 19- to 20-day-old embryos, MRI revealed the rapid development of the cerebellar hemispheres, along with
an increase in volume manifested by the more typical mushroom-shaped configuration observed in the newly
hatched. At this stage, the cerebellum almost completely filled the posterior fossa and covered the entire fourth
ventricle. The brain stem grew steadily, but the volume change was too subtle to evaluate. Features of cerebellar
histogeneis were beyond the resolution of MRI. However, there were lots of artifacts in the features of the bony
posterior fossa. An MR template of normal posterior fossa development would be useful to avoid confusion of
normal development with abnormal development and to identify the expected developmental features when pro-

vided the estimated gestational age of a embryo.
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Ae oA &5 FHaskle do X1 e Aol |
A8} 23t o)t wEtA ol B WAYY] Welge)E o)
BT o] A|HoNA Aol E clsiA HAd sl S
Nk 4= ik ol ke HelE 3 WA AuA
Al

FFAA ] el A3t A= FE s E)eks] uby
22 olFolx giet. T AP FHIAL 7E] WS B35
A7A S siFetA =l A=EHA oldE wed =A ¥
HalaL At glolE dAke R A7 TR Fojo) Al
Har glont AAA A1FAA ] 27 gH gl gt AE
o] FZ31 A4} eole] WA7o)] whE A} AAE &
B3lee $Fo #E® Sk (Chong et al, 1987;
Hansen et al., 1993). #T A3 4dAke sAker} 74
HiA] oA& 2AFA AR 2M G ey =2
H7le oA 2AEA MelgpdeliA WAk antifactE
S5 7 UL, A el o] s, BES A
&S AAEA] ke W2 S AT S 9l
o o velrlME gt A E dAke s vHgAl upos
4 A ole AHeE F43 5 9lE Aot

F5 Al73A 8] el AgE AFol|A w9} Ae] AR}
< FEsle] 2418} B 3= =Er}(Nakayam and Yamada,
1999). FFefo) FE2E F 53] Ao} FFFL EAAY
W AAE Bolvh 459 F5el @) o Rlol= 9l
At A= WA 27| el vlsle] FRA Fu) AR
< stz 53] "A7] ol Fu] AAbo] ksl
(Desmond and O’Rahilly, 1981; Dobbing and Sands, 1973;
Desmond and Jacobson, 1977). ¥F&2] A$E= FAE
o] F w FolA M w1 A EHEAM HAs "o} o

= AEE BARl] AAsled) sl A AR
A o)l FelH FFEH ) ol B £ 52 A H
o AR FF-F3) Ao A S M2 d3ele]
F8 B 3= ¢iglth (Chong et al., 1997).
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RS T 2= A 38-39%, = 60-70%°
Faprjell wiekste). wjekds) 1494E] 2099 SRS o)
o) ejr] Hamburger and Hamilton (1951) Bz} A}
TEE AT F g SR AR S ER g2 2
vl2ly A st At kel gl 2p7]3gated o]

o)

- Al

E7Fssle] EE HuliRlE AlRlM Avel e A8sls
o} Ag guixlE e T2 905 AFR9E Hgt
dtey FHREE A F AlEEodAE du9 A F
7}7]% 1.5 Tesla (Philips Medical Power track 6,000
Compact Plus ACS-NT)E AM31it). AP7)-8 5 edAke Tl
74 &9 A} (repetition times (TR)/repetition echo times
(TE), 438/18)%F T274Z°3A}F (TR/TE, 2,718/100)°2. Thy)
2} FHe] Fo} AAIE-E FAI0F 178X 256 matrix F7)
o] odak YRS gl SRS S7A1717) s ¢4
circular surface coil (37 80 mm)S AMESIET = AF
o} AAEe] oJAkS Al=sle] o]F PACS(picture archiving
and Communication System)l|A Z7](1-1.54) 2 du}S
2439 tHFig. 1 and 2). SHFHe BAE 5 2
T AlEe T3 FUs 27102 dlo] Bl F
HE2 AL 10% E2dH] TAELT 20% sodium
citrate®} 50% EZR]Abol| 4847} decalcificationd A)33aF
+ glefde) Eefsisict. T} AEE Wet 4um A
2 ZAAHAS 95T hematoxyling eosin GH-E |35}
Achk(Fig. 3). 79k S AFS A s}
qom FFEH FReplio] Av, Al 4 HA, AFatsi
(subarachnoid space), H7t -5 FF3le] A7|FeedAts}
siE|Ehy 7S n|aRAsisc

T

14 day

16 days

Fig. 1. TI- (upper) and T2-weighted (lower) mid-sagittal
images were obtained in the chick embryos at gestational
14, 16 and 17 days. At 14 days a tiny developing cerebel-
lum covers the 4th ventricle in the enlarged bony poste-
rior fossa. The brain stem also seen at anteroinferior
portion of the posterior fossa. The subarachnoid space
between the cerebellar cortex and the inner surface of the
skull was wide. At 16 days the cerebellum enlarged to
occupy over 50% of the subarachnoid space in the pos-
teror fossa. Folia pattern appeared at the surface of the
cerebellar cortex, which contact with the inner surface of
the skull. At 17 days the cerebellum enlarged progressively.
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1) A7|FEGol| 25t A2 UA 149 o|FHE FF
spl) T35 FeIsd Fo] etk Fi. .

2) AAAoZ T2 7FFIA o] Tl 7p2eA R} sjAlElo]

$319dch(Fig. 1 and 2).

3) Agelaty 238 Avjel vze] Helg TSI
sl o] rsigl ot FFFe] Hol Asle] Frslst &
x9] A JAE TR AP SRS FATE
“H(Fig. 3).
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Fig. 2. T1- (upper) and T2- (lower) weighted mid-sagittal X8 ¥ 7k Sl A HAY = 2R A9 Axr) I
images were obtained in the chick embryos from gesta- - . . o
tional 18 to 21 days. At 18 and 19 days a cerebellum AT Ax]o] B} FFF Apolole A2 AN W
cogtainid tg increase ;1‘1 sizzg a:d occﬂlipy most 80;/10 of tl}(ei R Fts)lg7ke] A8l A SAH= A2 A4 ¥
subarachnoid space. At ays, there were the rapi - .

development of the cerebellelar hemispheres, along with an o] 335 %%‘Q(Flg. 1 and 3).

increase in volume manifested by the more typical mush- 5) M 16-17Y0ll= 4 )Ale] Felo] GAF HelE B
room-shaped configuration. The cerebellum occupied almost Qon oHL Zr)2e] Yanle] HE2 ez sl

. = 378

all of the subarachnoid space.

Fig. 3. Light microscopic findings of mid-sagittal sections of the posterior cranial fossa in chick embryos (hematoxylin and
eosin stain, x 12.5). A; Gestation 14 days. A tiny developing cerebellum covers the 4th ventricle in the enlarged bony poste-
rior fossa. The brain stem also seen at anteroinferior portion of the posterior fossa. The subarachnoid space between the cere-
bellar cortex and the inner surface of the skull was wide. Primitive folia pattern appeared at the surface of the cerebellar
cortex. B and C; Gestation 17 and 18 days. Cerebellum increases in size and folia pattern appeared at the surface of the cer-
ebellar cortex. The configulation of bony posterior cranial fossa is a little distorted. D; Gestation 20 days. there is the rapid
development of the cerebellelar hemispheres, along with an increase in volume manifested by the more typical mushroom-shaped
configuration. The cerebellum occupied almost all of the subarachnoid space.
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Frete] AFakal Ik 50% oA AAIskdnh(Fig. 1
and 3).

6) A 18-199el &) AL Ald ARM AFtst
37k ALl dF-E-E AABIARE A Bln) FFF A}
ololl = 7A0| FAIE T}, AAH T2 =)9} 5
ofe] gHe] HA| FAHLE AR FFY) 45 ]
& Hoh Ay $AFHE]Eo] W ZloZ AA=gH &
e dde) nisl] Azte] H=A P=HAEA T2 0y F
7)ol §AAE it WA o] Aa ol ule} Avjo] 4435
7HEe] o)) 44 FrlER wEl FRehs 2Ll
AFslgzte s AT YA oR A9} Hzte] F
7o} AAE 2A5H HH(Fig. 2 and 3).

7) A 20890 A1 AN A7) 3 Q) WA
Bofe] el E HeolwA whE RS sl AAlel 22 el
£ olFsiet. o|Al7]ell A F7elE b A FEF
WEHs} Axjatele] AFaslgzhe A7) o2t &
=¢8] FA 5ol Al el A4 HAlo] YiXslsich(Fig. 2
and 3).

8) ¥k AEHer At A o} Ar]e] Hi)
o et o ko i b B B el B s e e O O B
Ho| FA) ZallM A s et o] ofeisid.
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FFAAA A g A= 2 FEEe) d a8 A
) HbAjopate] wisle) olel Sje]Hog AT oz 2
I 9iet v AY FES YR dla 53 Ap]Ed
S o]47 AHA FFal7A Al g Q= 53]
U A7l Mt A= Q= A o))

T Ao} Sl AReIv IR-EES ATt R o83
o f21xQl A9k A7)z A7)z 502 Qldle o
2 7FA] Aozt A 715k Qlok. wekA o] B Bksiar
A 4 e AR 34 o] S8 gled, Bl
A s Ao oA S22 AZARR Ao 3l
onj o AgegA ehilAle (1) e &4 AHF
el @ S EY 4 9low (2) IFsaA} e
AZIHE AR SiAE 95 4 T (3) wiole] A
Aol 2 el U @) AAT A HAe| ARt} vl
& (5) BA7|7e] A (6) AFAHLE AT Hiot
ojife] WA= el v wom (7) ejAd]9) A 7|zt
F wiole] Ho] folalal (7) AT AN 2] 3R
o] FHkEA] oo} A7 HE A Aol ol o]&F I )

t} (Fineman et al, 1986; McLone er al., 1983). &7}
A Tk TR P49 A A7) uhE WEle s
PRI el &gt Zlgelglat 3] i 2r)e] Wl
B 7lEe] ool A 3] w= 24 Ao Wi}
o= AR Bart =B} whAjele] dolA a3l
A3 AT 228 TR EsR e M2 S
Brsle] = o] ok ot B ATl A3 A}
71873 el M= A 1499 SlAEE] ARS dS
T AT 2 oA Slale =27)7F U zhelr] Eodel
Erbsditta A= SulilE FedsledE Al 4
Az 22AAE AASIoF S I UsteH ol
g AR AR ARl ATl arifacts: &
o] wtel2kar Balet. oj2igt EAl9t HlEe] Al gt
M FAol FHliAlE #dslr| AsiME Ap)1FE9% 7]
719] /iAol BR3Pt (Levine, 2002). s3]ty &
+ HT 2AARE = HAelN TR} H2A e 2t
Ag IR FAI87 7} oI FAF 7 Al F2A]e]
WAL TAfolel| H7ho] $1A|5te] W2 artifacr} HAYEHA H
= olF SEE 5 e W el Bast Al
AT A= ARt e A AT R
ale] FFo}k TEES AN W Aol A%} ARE
A3tz spdet

A7 H= dolr| e ARl whEm, AFT el A
A2 RS s 8Tl S48 sl B4 o
FAE AQde 90%el] D3t A F A olYEt FA
7b 22 "o F ¥ A2 w9 3719 FAAA
7)(cerebral growth spurtys EHOZ dfy & 4 Qo
(McLone and Knepper 1989). W %7]9] FAAA71=
A 2702 Ano] HAUA L, WAF7 oM FuA
A, ZATA 2, WA 7 508 Ak 9ok
el e Fu] Al gt A+ F2 o HAE
A3l A S5 e, ax9) =g ISk
FAE ZA3 B =E9iv) 52| Fol u=h S F)
o] FAZA7NE 2oz} olet. YubA o2 Alt) SA|oA
AT AR A7 A ARM 24 AF<ld v
A Fellxe A Folx, ZHe M 24 Heoldt
(Dobbing 1974; Pong et al., 2000). Guihard-Costa$}
Larroche(1990ys {4l 1057914 415:A}o]] 29899 AA}
glolE dAkez Aupaiel Ao o FAE 27t
ZA8kar = Artshe] Ao} H7hE 747t SAdste] Y4l
of Aol mhE AA o, 4, T2 7] AFAE
2L o] 52| Al AAEES vl 2 A3
Z xo] Tl Higk 2o} Xz FA v 94l 2223
FHE A2 FAE 2ol 94l 28295778 F715
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7] AlEsRAet, o) fdalz7oll e AA| HolA] =7}t A
o} Hzlofl w8 AAH R & 8557} vl A Uo
ve7h dalFulzlells Ao} H7ke] $4 Zmlgo] A
e A& oulshlle). = Al 205 Foll Ae] AAEE
7} 7] A Sxred wEos ARE B s o
Al 270el = H{7te] Axel] vls)] whE AAS sl A}
gHeE F EXE ARsht Hal 205758l At AR
< 3] A1k Al 28 ElE FAAS s He A
Ao 47} H7hel] vls) Aol Aoz &
445 2 Aok SAE 4 9zl Pond et al.
1990y SHA|ellA] Ax]o] FAE wixel zo] 70UelA
1404 Atelel] FE3] S718HATE AR ofe Aol o
7} d2ga FAg0 Ao A7 £x= 80UelA] 110
g Atelell ZA FFVhA 120804 130Q Aol 7}
A7t 14090l H12 F713kar 2ol o) A= A
A = FAL] 40%) et B rsigic)

UA FFAAA L] WAL A 5T 2ol FuollA Hs-
Fzo] AU EHWA Hfubr) YAM wE LE2 X7t
7S 9o, = W (pons)2l A (cerebellum)e) H
I e A9 (medulla oblongata)® Fa=t). ¥ ¥
78 HAAEeE A s HEge] B3lEo] K4 B
|7} AJZHE S Baily, 1916). W= 2149 Filole=
ubre] wpe Bite] Az|7| AlRpsl 2% oS =
A% ARt e e deubre] Exje) g we)
AFA w2 o] 3k (gyri), T (sulcus), B (fissure)S HAIs}
wA F3)7 QA "ol shiale] 79 2] WA 7o)
A 7} of 30uiE FoEE], olEi’t T 70%E A
(cavity) F-=]2] wigel] 23 Zo| X, 30%E 229 =3
2}t 7lolv} (Desmond and Jacobson, 1977). ¢} A}7)¢)
AT A HEe 25-3.0mmH,08 S Hu
8lohJelinek and Pexeder, 1968 and 1970; Jordann, 1979).
217399 o]F F HalAle] W 9J3leiE o] AX o]
) HARRS P8 E shed HAWA] FEe] Ql: A%
= wAlghe] Hojx] walal Aol xxog o}edgke. u)
2] HAA 8o ojsle] F9EE FF FA T Roix
Avt zelx| A ¥ oh(Dobbing, 1974). Desmond and
Jacobson (1977y= 71= Fel3hs Bulzke] ol 4Hsisled
$EHS A 75 =R e] A3 AstE= Ak &
A5t Al 9le] A7 HAe] qFo] 237 H%
S e AS zside. ol#idt xRk HFAAA)7)
E <l7be] A5} fARRE A7) At Algr) 244
#e] A8} FEAA (Positive Pressure System)?} A7)
el gt Abgho] B|S:3k Al7]ell A3l (Desmond, 1982;
Desmond and Schoenwolf, 1985). o]&3} AJAE-E qlzle]

u Al 3t ATl Hulalr) #gt Agede] Frhke
7ol

o A E AL glo} HAA g afelr] YAt A
o] v F7} F2]3le] A7 ol E (neuroblasty’} H
A Z1PE T B 2-570hel] Aol 2 HAFH e w)
714 (germinal matrix)o| A FAl5}ed, )M ¥} HA ZoR
o]gste] 7|X el 2F (mantle zone)E A3 ==
AZBAEL E717F veAl FHo] WAL PAJsle] W
(marginal zone)S AIZIC} WA F7]e o] FAlAb 9l
of 7P & 93-S = AL Ho $xI Ho 23
£ 2 ool 7143 (basal nucleiel] F3Ho] AJ2pElet.
IF Hpo|A Alsls AAARE] FE3EAR T =
HA glojd W= ¥ B $23ER] o=} o=
237} 1] Al FA 7)ede AT B Aol 2F
o] FoiR) e o] oI A Fo= A= AE 2]
gt At IAF7)e] HAE AL $x3EEAN] 9
g Zlolet & 4 gl 1 fol| = HAA e T]eFh= 84
2 2ABM| T $HF7), AAME 27157, A7AM 2] 7}
AE7), &2 28 278 Fr), 283 Aot
(neuroglia)2} ti=d#e] AR & L = Ao 7=
7h G, E AollA AR AP g Eed )7 2 S
o] Hojz] x315 +8I 4 3igict.

Al A2 Aol sl FRA ) S
3k 53] 7] 3ol Y] Aabe] isA AE:
7o) EA#o]ch(Desmond and O'Rahilly, 1981; Desmond
and Schoenwolf, 1985). A2 v 553 20 147])
Fu wjelSEge] wi SNt FUE sk A A2 E
23 5344 (thombic lip)eZHE] Wgs|n ojEe] %3
e FHolA FAA A3 (cerebellar plateyd 334338
o} Aubs whEA BASEA g Y e A
Axle] Al 244 (folia)e) LEsAl Het 2ay 770
o] Hg v HFA BS 2=t HANE, E
A 29} 9|77 2o AR AAMNER FAEE 29
AL 24 Follok 2 HFH) A7)l =R &, &
3] AlAaE EHFEAME A7) A =] gl Ala

T AT =24 A5 v A] B8-S 2484 ofv)
A= ot A4 Q17 e 215 AlYEae ¥
o Aala} Fck(Barkovich ef al., 1988; Kollias et
al., 1993). ¥ QoA Sz} A 14-15de]] HHRGARS-
9] wi=fe} FAFe] ARE e Axe Bl Al F
Fole] AdRahg AAT A2 Z7]|E AAEe] glo] A
7} A Bt o] A AT FulAdate] Rlar st
HAdvkFig. 1). &¥e 25 AxpH oz AAE st o
A 1920l YA MA T )] e B Ho|wA] F5F9
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AAEZ 2R Heo oldf) FAAe] dofdtix AAHIH
(Fig. 2).

Aol FFZe] AL olsjslr] M 772
WA S o] s)sledof 1A}, FE-ZR PR (basi-occiput)
=i 6773 FFF 3 (occipital plate)S 3Ad3sled wik
A 022 F3lEwA DA Hot k59 occipital
plates B 7580l HALE FAL2E M2 g do
F5E F FrYE T 599 RS (occipital
squamays AFZ, FAL, EFF "sFE 55 Zol
o] 28 m Aol Zrradzale] 24 wWE F3lsls A
Fibo] dofu} A =T} 53] FFF9] HEL vE T
THo} o|2A F A 157 A HEAEE gAY §
oF z22)3l SA) Fell AAol Aol whe} ubg FHel Q)
E A28 Zo] sl x| (apposition) FAJol] IO ZHE]=
S £ (osteoclastell 2}gE mWF57E dojubria A4
2 AA.

A FF) Ao} A S ME d3tele
3 M= giglct 3ol s AARRleIM TS W
o] 37} ARl weh $EHoR AAA FHd e
S olo] Wi FAHFY AL AF 1d I §43]
o] 2o x| 10-1249] AL HFEA FHrkMcLone and
Knepper, 1989; Miller et al, 1980). 2 |7l 44
o7 AR 7L FAE o] F= W FoM FFFe]
WA FAse] 2 FEF IA AAsied sl Hx
22 47} 7P A o] RS olEHe S AIF
wekzael ol g E|e WS o] 83l FMHE &
olahe Aolglvh. 243} A 14Yel] 21T A9 A
7} FFF ol FAE T, xe} FFE AlelellE w2
AFakslgzto) $1X)8kal of7)el= AA 2 ANA At
(Fig. 1 and 3). A 16Yelle & FFele] AFuas)
T 50% o) AE A EA Hu A FAFeo] A
Hel T Holn Jd¥y-e TFe) YSHd HEE Ax=
AL sigich A 1896l A =L AG AR A
Faksl 3z A9 80%S A3l =Hdek WA 1990
A 209 bl A7) YAl W moke] S Ko
A e AL sl AdAlel 2 FelE 2 A
E 52 Ay 9As) Adck(Fig. 2 and 3). Yol A
] Hup Aol gl He} FAFE ME LAEe]
lomiA 22 uEE AX L, FFIE o5 A S
sho] FFolel f2o] HAA R FrlEE 2yt A
9] AL dixel 2] AR RA AzfEe 4]
F3)7} Sl p) A7 $5e) 7R HApd 02 A9
A giet. Aol zs gl ule} Axe] $HF7ME0] FF
she] 81 ZolgEc) wely FReke XSl AFshE

ol - ek

R E AYHT) FAH LR A9} ¥7he] FFe) A
A8 ek (Fig. 1-3). AR =9} FAFLE e
A wel FFe] AR RS e A4S H
Al F= Aol AT, 52} F9ellMe Ao} $F5
7} M2 ARgle) Adate] o) Foixiche AL Jl9Hl BN
o)g} A 7tglct,

HA7A] By T} 7] digt AT 22|
U F719] 3F Azl oAl o]FoiA Qlxd AA| 7]
ofg] 713-& Ao} FFele] WAA]7|of ufe} YTl
WA o}2|7kx] of2idt FAME gl oz e Y
AZ] AT 9dcHGilbert et al., 1986; Sim et al., 1996).
E3] ojgjat 72 AeiNE WA AYTES s ¥
Fo} g AAL Wi Ao 3 AR EE vRIsk:
70| Agsloiof s} £ A7 F7) 72EES B
WA S QR 2|3l ey &
AL s Aoz FFel FE2E] e Ast A9
AR E2 o] 8E oy, o] Yoy ARA 73} 713
o) Ay EHE wHegge S sk = R A3 713
Tk el 7|35 dul H xR 7|E Al 8
e 71z AREA AME A 7I9En.

LA EI AT

7 =
Frsle) F2E 5 59 avsh FEIL SAH W

1} 2 B27ols G wlsled T
33) 4AE shev] B3] Bd7) Tl ¥l AAS S,
FRZE FE olFk W FolA s WA WA
NP Bekm maslel oleh. B AFele B 149
2E] 20971409) A4 BlAe] Frsle] AL 2]
Felol olgt 3ok AR AL Tl AR
475} v TR S50} FETe] W] B YYAES
sllslaA) sle] et B AEE et

) FEele) FREE FERE AR BT 4%
o W} gl AAsIe.

2) Ak e FA2 e A2 DR Aed e
BlEE ARERT Hsled FEI% 2 A2 Augo)
77 Aesie.

3) sl dxl Hla Aol A AAERA F2
S 37]0] ol FolAich WAle] Aol wheh o) 84
Z7hgo] Fole) 47 Z1EReh webd FFeh 8o
= AFatsltes AN A2 axdsh Mzl
o) AR A e,

IVl 27} WA SReHe el Bl
A WE QS skl FReLE ) A5 Hel Al
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of ulel AR welA WA 209 FHYE Al 3
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FHEete 7L FRee) s AAHA AAAA R
A7) el fat Ao AR EEA o] 8" Aoz
71en gkt

LMe| 2

o] A7 20019 AFH A7) S EASEAd TS
2} Al 23X o) FoiF .

At
rok

i)

4l

Barkovich, A, Kjos, B.O., Jackson, D.E. and Norman, D.
(1988): Normal maturation of the neonatal and infant brain:
MR imaging at 1.5T Radiology 166, 173- 180.

Chong, B.W.,, Babcook, C.J., Pang, D. and Ellis, W.G. (1997): A
magnetic resonance template for normal cerebellar develop-
ment in the human fetus. Neurosurgery, 41, 924-929,

Desmond, ML.E. and Jacobson, A.G. (1977): Embryonic brain
enlargement requires cerebrospinal fluid pressure. Dev. Bio.,
57, 188-198.

Desmond, M.E. and O'Rahilly, R. (1981): The growth of the
human brain during the embryonic period proper. Linear axes.
Anat. Embryo., 162, 137-151.

Desmond, M.E. (1982): A description of the occlusion of the
lumen of the spinal cord in early human embryos. Anar. Rec.,
204, §89-93.

Desmond, M.E. and Schoenwolf, G.C. (1985): Timing and posi-
tioning of occlusion of the spinal neurocele in the chick
embryo. J. Comp. Neurol., 235, 479-487.

Dobbing, J. and Sands, J. (1973): Quantitative growth and devel-
opment of human brain. Arch. Dis. Child., 48, 757-767.

Dobbing, J. (1974): The later development of brain and its vul-
nerability. In Davis, J.A., Dobbing, J., eds.: Scientific founda-
tions of paediatrics. London, William Heinemann Medical
Books Ltd. 565-577.

Fineman, R.T., Schoenwolf, G.C., Huff, M. and Davis, PL.
(1986): Animal model: Cause of windowing-induced dysmor-
phogenesis (neural tube defects and amnion deficit spectrum)
in chicken embryos. Am. J. Med. Genet., 25, 489-505.

Gilbert, .N., Jones, K.L.., Rorke. L.B.. Chernoff, G.F. and James.

HE. (1986): Central nervous system anomalies associated
with meningomyelocele, hydrocephalus, and the Amold-
Chiari malformation: Reappraisal of theories regarding the
pathogenesis of posterior neural tube closure defects. Neuro-
sugery, 18, 559-564.

Guihard-Costa, AM. and Larroche, J.C. (1990): Differential
growth between the fetal brain and its infratentorial part. Early
Hum. Dev., 23, 27-40.

Hamberger, V. and Hamilton, H.L. (1951): A series of normal
stages in the development of the chick embryo. J. Morphol.,
88, 49-92.

Hansen, PE., Ballesteros, M.C., Garcia, L. and Howard, J.M.
(1993): MR imaging of the developing human brain. Part 1.
Prenatal development. Radiographics Jan., 13, 21-36.

Jelinek, R. and Pexeder, T. (1968): The pressure of encephalic
fluid in chick embryos between the 2nd and 6th day of incu-
bation. Physio. Bohemslav., 17, 297-305.

Jelinek, R. and Pexieder, T. (1970): Pressure of the CSF and the
morphogenesis of the CSF. Folia. Morphol., 18, 102-110.

Jordann, H.VEE. (1979): Development of the cranial nervous sys-
tem in prenatal life. Obstet. Gynec., 53, 146-150.

Kollias, S.S., Ball, W.S. and Prenget, E.C. (1993): Cystic malfor-
mations of the posterior fossa: Differential diagnosis clarified
through embryologic analysis. Radiolographics, 13, 1211-
1231.

Levine, D. (2002): MR imagingof fetal central nervous abnor-
malities. Brain Cogn., 50(3), 432-448.

McLone, D.G,, Suwa, J., Collins, J.A., Poznanski, S. and
Knepper, PA. (1983): Neurulation: Biochemical and morpho-
logical studies on primary and secondary neural tube defects.
Concepts. Pediat. Neurosurg., 4, 15-29.

McLone, D.G. and Knepper, PA. (1989): The cause of Chiari II
malformation: A unified theory. Ped. Neurosci., 15, 1-12.

Miller, A.K. H., Alston, R.L. and Corsellis, J.A.N. (1980): Varia-
tion with age in the volumes of grey and white mater in the
cerebral hemispheres of man: measurements with an image
analyser. Neuropathol. Appl. Neurobiol., 6, 119-132.

Nakayama, T. and Yamada, R. (1999): MR imaging of the poste-
rior fossa structures of human embryos and fetuses. Radiat.
Med., 17, 105-114.

Pond, W.G., Yen, J.T., Mersmann, H.J. and Mauer, R.R. (1990):
Reduced mature size in progeny of swine severely restricted in
protein intake during pregnancy. Growth Dev. Aging., 54, 77-
84.

Pong, W.G., Boleman, S.L., Fiorotto, M.L., Ho, H., Knabe, D.A.,
Mersmann, H.J., Savell, J.W. and Su, D.R. (2000): Perinatal
ontogeny of brain growth in the domestic pig. Proc. Soc. Exp.
Biol. Med., 223, 102-108.

Sim, K.B., Hong, S.K., Cho, B.K., Choi, D.Y. and Wang K.C.
(1996): Experimentally induced Chiari-like malformation with
myeloschisis in chick embryos. J. Kor: Med. Sci., 11, 509-516.



