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• The formation of
the neural tube,
that presage the
establishment of
the central nervous
system



• Two major ways of forming a
neural tube:

▪ Primary neurulation
• Formation of the neural

tube by infolding
anteriorly.



▪ Secondary neurulation
• Formation of the neural tube in

the posterior portion without
folding







• Neural plate
• First indication of

neurulation.
• The thickening of the

surface ectoderm along
the dorsal midline.

• Bounded on either side
by a slight elevation
termed neural folds.



• Neural groove
• The depressed midline

region of the plate.
• Becomes more elevated,

subsequently converge ,
meet and fuse towards the
dorsal midline to form the
neural tube.



• Neural crest
• Undergo an

epithelio-
mesenchymal
transition as
they leave the
neuroectoderm
by active
migration into
the underlying
mesoderm.



• Neural crest
• Neural crest cell delaminate and migrate

in the anterior parts of the neural tube.

• In the midbrain and hindbrain, neural crest
cells begin to detach from the apices of
the neural folds and start to migrate well
in advance of neural tube closure.



• Neural crest
• In the spinal cord region, migration of

neural crest cells does not begin until
several hours after spinal neural tube
closure is complete.



• Neural crest
• In birds, the neural crest cells do not

migrate from the dorsal region until after
the neural tube has been closed at that
site.



• Rostral and Caudal Neuropores
• In chicks, neural tube closure is initiated at

the level of the future midbrain and "zips up"
in both directions.

• Neural tube closure in mammals is initiated
at several places along the anterior-posterior
axis.



• Rostral and Caudal
Neuropores
• The cranial and caudal ends

of the neural tube remain
patent for a time.

• For a short time prior to their
closure, the neural canal
communicates directly with
the amniotic cavity.

Rostral 
neuropore

Caudal
neuropore











• Cranioschisis
• A closure defect of

the brain

• Rachioschisis
• A closure defect of

the spinal cord



• Spina bifida
• All abnormalities in which the vertebral

arches fail to close dorsal to the spinal cord to
form the vertebral canal.



• Spina bifida occulta
• The spinal cord and meninges remain in

place but the vertebral arch of one or more
vertebrae is incomplete.

• Spina bifida cystica
• The meninges is distended by fluid.



• Dysraphia
• The cranial neuropore fails to fuse properly

or even remains open.
• Meningocoele

• Meninges herniate and become
distended by fluid accumulation.

• Meningoencephalocoele
• The protrusion involves both

meningeal and brain tissue.
• Meningohydroencephalocoele

• The brain tissue containing part of
the ventricular system





MENINGOCOELE

MENINGOHYDROENCEPHALOCOELE

MENINGOENCEPHALOCOELE 



• Exencephaly
• A complete failure of

the cephalic part of the
neural tube to close.

• In this condition, the
vault of the skull does
not form, leaving the
malformed brain
exposed.



• Anencephaly
• Absence of the

telencephalon and
much of the
diencephalon, although
the brainstem remains
intact.





Thank you !


