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NEURAL TUBE FORMATION 

I. 'At Lhe beginuing of the third week, uhder the inductive infl~, .. I 
ence of the notochord, the dor~ai ectoderm thickens in th~ · 
midline to form the neural plate (Fig. 2J .. t). ·. I ; : 

j ., 

I I. Due to the changes in the shape and sit.~ df th~· ncur~l epithelial: ! 
cells and the changes in their conne<!Lions wlth surrounding' 
cells, the laleral margins of the plate become elev~t~d to form ' I • • 

the neural folds. . : . . · . '·. , 
II l. The depression bet ween these folds is kriowtt na neutttl groove. 
IV. At about the 25th day the neural folds (lise to form the neural : ; 

lube. The fusion begins at the r~urth sotnit~ ·and ptogt'eSS!!S 
rostrally and caudally. · I , 

V. For a short time the neural tube remains open nt b<:>th euds us 
the rostral and caudal ncuropores (Fig. 21 ~2). ' :! · · · ~. , 

VI. The rostral neuropore closes at about lhe lSth dAy, n.ndJ.~o ., 
• days later the caudal neuropore closes. . i : ~· ; • 

··- - ·- -- . . - . ·-- .. ~ ... ~-...........-. ... ,.........---~~. 

Some cells at the r1:1argin of neural fold do not inc9rpol'ntc into 
the neural tube, n.ncl thus form;thc neurnl crest. · · ; ' ' 1 

The neural tube detaches itself from the ectoderm nnd sinks , · 

VII" 
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into the underlying mcsodetm . !, 
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Figure 5-4. A, Dorsal view of a human embryo at approximately day 22. (Modified 
after Payne.) Seven distinct somites are visible on each side of the neural tube. 
B, Dorsal view of a human embryo at approximately day 23. (Modified after Corner.) 
Note the pericardia! bulge on each side of the midline in the cephalic part of the 
embryo. 

Figure 20-31. A, Photograph of anencephalic child. Ventral view. This abnormality 
is frequently seen (1 :1000 births). Usually the child dies a few d.1ys Jftcr birth. 
(Courtesy Dr. ). Warkany. From Warkany J: Congenital ,'v1alformations. Chicago, 
Ye.:r Book Medical Publishers, 1971 . Used by permission.) 11, Dors.11 view of Jn 
anerccphJiic child with spinJ bifida in cervic;ll Jnd thorJcic segments. 

~_,_{.L-L_QLirC d(; ti"- c,Cf'C:-._{,'c ?<it<: '-"8 
nc..ur1tQ tu_Gc_ ' Cf:r1ftrtc!Y nearv?c,Yr) f-o c(of< 

f 1l; ( ~'\':: ; -(i,J_ v '-Ult "6 {j ..._ s ,( l.l.iR ;., q 6 Se 11-t 
~ G-ya;l') is . Hfte.Jf:#ltecl &y a.. W1(1JS o2 
c!eyf!l'l<r<t( eJ TIJs<{< <-xf<>Je,/ zen ~ .5<tr/

1
cf 

0 tt'""' ~ r l c-i:; sci?!, " ( Off''•' sp;,.,J. ec<tl) """ tl..._ 
LQ.( vI( i\...1( l"'te1 --~ ~I .-.1 ' .II_ /) . 

. \} I G " T' L<."'-t h f<: /( (,0 ~-6'<'11... .... ...L (~f ,., ,) R '/~~ * I ,(v,_ 1 ~ _ ~ c Kf ti:. 4.. tw.Q ••t c cl"t"' J..., frr " · . · il1} dW , " 
IV' -'VV J ~ fh_ .2,_.,, ). d) '~ Ou < (, .P "-J "'117 ry , '""'- c h •1 uc( err' 2 ,,! 6-y 

&>.-~ d n1 w. ~ i .s ~ f.c, j-t. .Q ~ <fl., 0(- -If_ +o jh re, A ( A F P J 

~ . rr(y.J -f 1M c.'4_ ~ ~ ~ ((.. -fJ\rLv. U ' ( 
' ,..-_~ l\ 'I i / ' . -,. y ) ~- -.:.>w.....,.._C.:V'o .-'/ ~ ,, ~~ ••• , '- ~, •. ' ~ \. ·~ 



Open neural tube 

1:tJi;~~-~® f) 

A 8 

c 

FIG. 12-~ Varities of closure defects of the spina l cord and vertebral column. A, 
Rachischisis. B, Spina bifida occulta, with hair growth over the defect. C, 
Meningocele. D, Myelomeningocele. 

Other Closura...Defects 

'A defect in the formation of the bony covering overlying 
either the spmal cord or Grau\ can result if! a graded series 
of structural anomalie:c;. In the spinal cord, the simplest de­
fect is called spina bifida occulta (Fig. 12-38, B). The spi-

nal cord and meninges remain in place, but the bony cov­
ering (neural arch) of one or more vertebrae is incomplete. 
Sometimes the defect goes unnoticed for many ycafs. The 
si te of ihe defect is often marked by a tuft of hair. The next 
most severe cntegory of defect is a meningocele, in which 
the dura mater may be missing in the area of the defect iind 
the arachnoid layer bulges prominently beneath the skin 
(Fig. 12'-3.8, C). The spinal cord , however, remains in 
place, and neurological symptoms are often minor ... The 
most severe condition is a myelomeningocele, in which the 
se,!f.)aJ_ ~~rd .bulges or is entirely displaced into the protrud­
ing sUba(achnoid space (Figs. 12-38, D and I 2-39). Bc­
Ci\use of problems associated with displaced spinal roots, 
nsur.oJPgical .problems arc commonly associated wilh this 
condition. 
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FIG. 12-39 Infant with a myelomeningocele and 
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A similar spectrum of anomalies is associated with cra­
nial defects (Figs. 1?-40 and 12-4 1). A meningocele is typ­
ically associated with a small defect in the skull, whereas 
brain tissue alone (mcnlngocnccphulocclc) or brain tissue 
containin art of the ventricular system (mcningohy· 
droen<"ephalocoele) may protrude throug a larger open­
ing in ~ skull. Depending on the nature of the protruding 
tissue, H~se malformations may be associated with neuro­
logical Jelicits. The mcchunical circ\11\\stunccs may also 
lead to secondary hydrocephalus in some cnses. 

Microcephaly is a relatively uncommoh condition char­
acterized by underdevelopment of both the brain and the 
cranium (see Fig. 10-9) . Although it can result from pre­
lllature closure of the cranial sutures, in most cases its eti­
ology is uncertain. 

Many of the _functional defects of the nervous system are 
poorly characterized, and their etiology is not understood . 
Studies on mice with genetically based defects of move­
ment or behavior due to abnormalities of cell migration or 
histogenesis in certain regions of the brain suggest there is 
likely a parallel spectrum of human defects. Mental rctar· 
dation is common and can be attributed to many causes, 
both genetic and environmental. The timing of the insult to 
the brain may be late in the fetal period. 
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FIG: 12-40 Herniations in the cranial region. A, 
Meningocele. B. Meningoencephalocele. C, 
Meningohydroencephaloccle. 

FIG. 12-41 Fetuses with (A} an occipital meningocele 
and (B) a frontal encephalocele. 
(Courtesy Mason Barr, Ann Arbor. Mich.) 
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FIG. 12-37 Fetus wilh a severe case of rachischisis. The 
brain is ·nor covered by cranial bones, and tho 
light-colorod spinal cord is tolally exposed . 

. 1Cour1ny Muon Barr, Ann Arbor, Mich.l 

1\ numher of the clo~ure dcf eel~ c:m be clingnosed hy the 
ddel·lion of clevatc1l levels uf nlphn-fctuprotcln in the am- : 
niulic lluid or by ultm~nund ~e:-~nning. / 
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Defects In Closure of the Neural Tube 

l'aihi!C.pf clo~\rre of the neural tube occ··r~ o•o~t cvnunonly 
in the rcgi1m.~ of the an!eriur and po~tcrior neuropore.;. but 
other locntion~ nrc also pu~~ible. In this condition lhe spi­
nal coni or hr a in ih the :-~ffectcd nrea i~ ~plnycd open, with 
the wall of the central canal or ventricular sy~tem consti­
tuting the m•ter surface. 1\ closure ddect o~ the spinal cord 
is callctl rhcllischisls :md, in the brain, crAnioschisis. Cra­
niosehi~is is)!1.!;9111Pnlible with life. ~ (rig . I 2-
:\7) is n~llocinlcd with n wide vnriety of severe problem~. 
inchrdillf! £!m.>nic infection .. mt'(or ilnd Stnsory deficits, and 
disturbances In blnddcr function. Titese defects commonly 
:.ccompnny Anencephaly (see Fig. 8-4), in which there is a 
massive deficiency or cranial structures. 

Myelination in tbc- Spinal Cot·d 

In the spinal cord the nerve fibers arc heavily 
myelinated or slightly my eli natcd. The 
myelin sheath is formed and maintained by 
the oligodcndrocyt~s of the neuroglia. The 
cervical portion of the ~ord is the first part to 
develop myelin, ---and from here the- process 
extenoscauilally. The fibers of the anterior 
nerve roots are myelinated before ~ose of the 
posterior nerve roots. 'I he process of myelina­
tion begins within the cord at about the 
fourth month, and the sensory fibers a re 
affected first. The descending motor fibers arc 
the las~~1J~1~!!!11C, which process docs not 
begin until term; it continues during the flrst 
2 years of postnatal life. 

Mydination in the- Brain and tile- Onut of 
Function 

~
lination in the brain begins at about the 

month of fetal life but is restricted to 
t 1 fibers o the basal gan11lia. Later the ,_ -~ 

sensory fi crs passing up from the spinal cord 
myclinate, but the progress is slow so that . ..!L 
birth the brain is still largely unmyelinated. 
In the newborn there is very little cerebral 
function; motor reactions such as respiration, 
sucking, and swallowing are essentially reflex. 
Afler birth the corticobulbar, corticospinal 
fibers, and the tectospinal and corticoponto­
cercbcllar fibers begin to myclinate. This 
process of myelination is not haphazard but 
systematic, occurring in diiTercnt nerve fibers 
at specific times. The corticospinal fibers, for 
example, start to myclinate at about 6 months 

after binh, :wd the process is largely com-

, pletc by the end of the second year. It is 
believed that some nerve fibers in the brain 
and spinal cord do not complete myelination 

until puberty. 
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Fig. 1.3 Diagrams of stages in the differentiation of cerebral vesicles and the ventricular system. 
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