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Dura mater (Latin, dura mater = hard, tough mother)  
The outer tough connective tissue meningeal coat of the 3 layers that cover the 
central nervous system of 3 layers (overlays the arachnoid mater middle layer 
and pia mater inner layer).  
All three layers form from the meninx primitiva, a meningeal mesenchyme that is 
mesodermal and neural crest in origin.

Pia mater is medieval Latin meaning "tender mother” .
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Baltsavias et al.  Neurosurgical Review  2014
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Figure 4-5. Neurulation in the chick. A, Dorsal view showing that neurulation occurs in cranial-to-caudal sequence such that at the level of the line in A, the neural

plate is forming. More cranially (arrow), the neural plate is shaping, and still more cranially the neural plate is bending (asterisk) and a neural groove and paired

neural folds have formed. B, Level of the forming neural plate (NP) at level of line in A. E, endoderm; SE, surface ectoderm; M, mesoderm; N, notochord.

C, Transverse section through neural groove (future midbrain level) at a stage midway between A and D. MHP, median hinge point; N, notochord; NF, neural fold;

NG, neural groove. D, Dorsal view during closure of the neural groove. In contrast to humans, the neural groove in chick first closes at the future midbrain level

(rather than at the occipitocervical level) and then progresses cranially and caudally to close, respectively, the small cranial neuropore and elongated caudal

neuropore/neural groove. Line indicates level of transverse section in E. E, Transverse section through the incipient neural tube (NT). DLHP, dorsolateral hinge

point; HM, head mesoderm; N, notochord; MHP, median hinge point; SE, surface ectoderm.
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FOURTH WEEK: FORMING THE EMBRYO

Neurulation: Establishing the Neural Tube, 
the Rudiment of the Central Nervous 
System

Larsen,W.J.  Human Embryology 2009

DEVELOPMENT 
- developed from the cells of the neural crest 
& mesenchyme (mesoderm and neural 
crest) forming the primitive meninges 
- differentiate into ectomeninx (outer more 
compact layer) & endomeninx (inner more 
reticulated layer) 
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Figure 4-5. Neurulation in the chick. A, Dorsal view showing that neurulation occurs in cranial-to-caudal sequence such that at the level of the line in A, the neural

plate is forming. More cranially (arrow), the neural plate is shaping, and still more cranially the neural plate is bending (asterisk) and a neural groove and paired

neural folds have formed. B, Level of the forming neural plate (NP) at level of line in A. E, endoderm; SE, surface ectoderm; M, mesoderm; N, notochord.

C, Transverse section through neural groove (future midbrain level) at a stage midway between A and D. MHP, median hinge point; N, notochord; NF, neural fold;

NG, neural groove. D, Dorsal view during closure of the neural groove. In contrast to humans, the neural groove in chick first closes at the future midbrain level

(rather than at the occipitocervical level) and then progresses cranially and caudally to close, respectively, the small cranial neuropore and elongated caudal

neuropore/neural groove. Line indicates level of transverse section in E. E, Transverse section through the incipient neural tube (NT). DLHP, dorsolateral hinge

point; HM, head mesoderm; N, notochord; MHP, median hinge point; SE, surface ectoderm.
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FOURTH WEEK: FORMING THE EMBRYO

neural tube (NT). DLHP, dorsolateral hinge point;  
HM, head mesoderm; N, notochord; MHP, median hinge point;  
SE, surface ectoderm.

Larsen,W.J.  Human Embryology 2009
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IN THE RESEARCH LAB

MECHANISMS OF NEURULATION

Tissue and Cellular Events

Neurulation, in particular shaping and bending of the neural

plate, involves a number of different forces that act in concert.

These forces are generated by changes in cell behavior,

particularly changes in cell shape, position, and number. Some

of these forces are generated within the neural plate itself,

whereas other forces are generated in surrounding tissues.

Forces arising within the neural plate are called intrinsic

neurulation forces, as opposed to those arising outside the

neural plate, which are called extrinsic neurulation forces.

The cellular basis of neurulation has been mechanistically

examined most thoroughly in chick embryos (see Fig. 4-5).

Although shaping and bending of the neural plate occur

simultaneously, to understand their mechanisms it is best to

consider them separately. As discussed earlier in this chapter,

shaping involves convergent extension, that is, a transverse

narrowing and longitudinal lengthening. In addition, the neural

plate thickens apicobasally during shaping as its cells get taller

(i.e., change shape to high columnar), continuing the process of

cell elongation initiated during neural plate formation.

Apicobasal elongation requires the presence of paraxial

microtubules, that is, microtubules oriented along (parallel to)

the apicobasal axis of the cell. Cell elongation not only

contributes to neural plate thickening but also to its narrowing,

because as cells get taller they reduce their diameters

to maintain their size (this would also reduce the length

of the neural plate, but this is compensated for by cell

rearrangement and oriented cell division; discussed below).

However, the major factor that narrows the neural plate is

not cell elongation. Rather it is cell rearrangement (also called

cell intercalation). During cell rearrangement, cells move from

lateral to medial within the neural plate, thereby narrowing the

neural plate and stacking up in the cranial-caudal plane,

increasing the length of the neural plate. Moreover, cell

division occurs rapidly during neurulation, such that the neural

plate continues to grow during shaping and bending. Many

of these cell divisions are oriented to place daughter cells into

the length of the neural plate rather than into its width,

resulting in cranial-caudal extension of the neural plate. Thus,

shaping of the neural plate involves changes in cell shape,

position, and number within the neural plate. Experiments have

shown that shaping is largely autonomous to the neural plate,

that is, intrinsic forces drive neural plate shaping.

As discussed earlier in this chapter, bending of the neural

plate involves the formation of hinge points. The median hinge

point forms at all craniocaudal levels of the bending neural

plate, whereas the dorsolateral hinge points form at future

brain levels where the neural plate is much broader than it is

more caudally. Hinge points involve localized regions where

neuroepithelial cells change their shape from column-like to

wedge like and where the wedge-shaped cells become firmly

attached to an adjacent structure through the deposition of

extracellular matrix. Thus, the median hinge point cells of the

neural plate are firmly attached to the underlying notochord,

and the dorsolateral hinge point cells of the neural plate on

each side are firmly attached to the adjacent surface ectoderm

of the neural folds. Cell wedging within the hinge points is

generated by both apical constriction and basal expansion. The

apices of neuroepithelial cells contain a circumferential ring of

microfilaments whose contraction leads to apical narrowing.

In addition, bases of neuroepithelial cells simultaneously

NCNCNC

FF

Figure 4-5, cont’d. F, Transverse section showing a slightly later stage in neurulation than shown in E. Neural crest cells (NC) are beginning to form and

emigrate from the fusing neural folds.

LARSEN’S HUMAN EMBRYOLOGY

F, Transverse section showing a slightly later stage in neurulation than 
shown in E. Neural crest cells (NC) are beginning to form and emigrate from 
the fusing neural folds.

Larsen,W.J.  Human Embryology 2009
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ectomeninx becomes more compact and with  
   spaces (future sinuses)       

dura mater (pachymeninx);  
    
endomeninx becomes more reticulated with  
   development of spaces (future SAS &  
   cisterns) arachnoid & pia mater  
   (leptomeninges)  
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Development and Growth of the Normal Cranial Vault | SW Jin, et al.

mitomeres rostral to the first somite, and from ectoderm via 
the neural crest11). The viscerocranium is derived exclusively 
from neural crest mesenchyme11). The neural crest provides the 
mesenchyme forming the frontal, sphenoid, squamous tempo-
ral bones as well as facial bone14). Paraxial mesoderm (somites 
and somitomeres) play a direct role in skeletogenesis of the pa-
rietal, petrous temporal and occipital bones (Fig. 1). However, 
at the space of two parietal bones, the neural crest also plays a 
significant role. A small line of the neural crest is derived from 
mesenchyme and remains between the two parietal bones and 
contributes to the signaling system that governs growth of the 
cranial vault at the sutures and to the development of the under-

At the end of gastrulation (third week), mesenchymal cells 
produced by epithelial cells have migrated through the primi-
tive streak to organize into a third germ layer–the embryonic 
mesoderm. The mesoderm on each side of the notochord and 
neural tube proliferate to form longitudinal columns of paraxial 
mesoderm. Toward the end of the third week, the paraxial me-
soderm differentiates and begins to form somites which differ-
entiate to become sclerotome. The somites first appear in the 
future occipital region of the embryo. Rostral to the first somite, 
the head mesoderm forms seven cranial somitomeres, which 
represent the most cephalic mesodermal contribution from the 
primitive streak and do not condense to form somites4). The me-
soderm becomes more dispersed with development to loosely 
fill the developing head as the head mesenchyme. 

Later, the head mesenchyme becomes supplemented with 
cranial neural crest cells. Neural crest cells are specialized, mul-
tipotential migratory cells which are also generated by EMT in-
volving the epithelial cells of the neuroectoderm. Formation of 
the cranial neural crest begins during elevation of the neural 
folds before they fuse and continue from the closed neural tube 
well and after the neural folds have fuses. They are spread with-
in the mesenchyme8,11). Thus, the head mesenchyme is derived 
from both head mesoderm and neural crest.

The neurocranium develops from the paraxial mesenchyme 
in the head, i.e., the first five somites and the unsegmented so-

Fig. 1. Skeletal structure of skull : mesenchyme for these structures is 
derived from neural crest (white) and paraxial mesoderm (gray). Sq : 
squamous, Pet : petrous. 

Frontal Parietal

Sphenoid
Pet. temporal

Sq. temporal Occipitals

Table 1. Stages of human embryonic developments

Weeks Days No. of somite Carnegie stage Selected external features 
1 1–7 0 1 Fertilization
2 8–14 0 6 Primitive streak develops
3 15–21 0 7 Gastrulation commences and notochordal process forms

0 8 Primitive pit, neural plate, neural groove, neural folds form
1–3 9 Somites begin to form

4 22–28 4–12 10 Neural folds fuse, otic pits form 
13–20 11 Cranial neuropore closes. The first four somites are beginning to 

be incorporate into the occipital segmentation. Oropharyngeal 
membrane rupture, optic vesicles develop, optic pits begin to form

21–29 12 Caudal neuropore closes. Pharyngeal arches 3 and 4 form
5 29–35 >30 13 Otic vesicles form. The meninx primitiva is first seen as 

the first signs of the cranial vault. Occipital sclerotomal 
mesenchyme concentrates around the notochord

14 Cerebral hemispheres become visible 
15 Sensory and parasympathetic cranial nerve ganglia begin to form

6 36–42 >30 16 The skull has a membranous roof present during stage 16 
17 Cerebellum begins to form. Conversion of the ectomenix 

mesenchyme into cartilage starts on 40–41 days. 
Pia mater is present around the brain

7 43–49 >30 18 Skeletal ossification begins
20 The first indication of dura mater is found in the skull. 

Chondrification continues until stage 20
8 50–56 >30 21–23 By the end of 2nd month (57 days) the endomeninx covers 

significant portion of the brain and has develop into 
the arachnoid and the pia mater. Dural reflections begin to form

Timing of some events and stage can vary by up to 4–5 days during stages 10–23

Jin SW, et al. J Korean Neurosurg Soc. 2016

Period of organogenesis
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Comparative anatomy of the meninges.  

In fishes, only a single layer, the primitive meninx, is present.  

Amphibians and reptiles have two meningeal layers, an outer dura mater 
(meaning "hard mother") and an inner thin layer, the secondary meninx.  

In reptiles, the dura mater is fairly well separated from the underlying 
arachnoid and pia mater.  

In mammals and birds, three meningeal layers are present.  

The layer closest to the brain is a thin layer called the pia mater 
(meaning "tender mother"). The middle layer is a thin, avascular layer 
called the arachnoid due to its spider web-like appearance. The space 
between the pia mater and the arachnoid is the subarachnoid space.

20
18

 ©
 A

BC - 
W

IN
 S

em
ina

r. A
ll r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
18

 ©
 A

BC - 
W

IN
 S

em
ina

r.  
All r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] . 
  

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .



Meninx primitiva 
(Periosteal dura and meningeal dura) 

Meninx secundaria 
arachnoid space and pia mater

Meninx secundaria

Meninx primitiva

Comparative anatomy of the meninges
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管に及ぶことから，心臓と癒着組織の血管連続性を証明

し，状況によってはこれらの血管が心臓の血液供給源と

して使える可能性を述べた．このことに注目した心臓外

科医は犬の実験などと，患者の同意を得た人体実験など

で 1946 年までには心臓に対する間接的血管吻合術が現

在脳にも用いられている筋肉，大網，遊離または部分遊

離血管茎などを用いた手術がすべて出そろっていた．

　脳の間接的血管吻合術は 1939 年から Germann and 

Taffel 等の Yale 大学での多数の猿を使った筋肉弁を用い

た側副血行路形成の実験をはじめとして，さまざまな試

みがなされたが，1942 年に Kredel によって Myopexy と

いう名のもとに現在の EMS に近い手術が行われ，うち 

3 例の詳細な報告がなされた．動脈茎を用いる方法とし

ては，1964 年に坪川ら13）により小児もやもや病の患者に

対して中硬膜動脈を含む有茎硬膜片を脳内に移植し，硬

膜欠損部に大腿筋膜を移植する Durapexia が行われ，3 

カ月後の血管撮影で revascularization が見られ，症状の

改善が得られたと報告された．すなわち，上に述べた 2 

つの障害物を外頚動脈系と内頚動脈系の間からなくし，

両者の間にたとえば硬膜のように回復力旺盛な組織の創

傷を介在させれば，両者の間に容易に側副血行路が形成

することがわかったのである．John Hunter は“The blood 

Fig.　3　脳への側副血行路

CSF 

Skull

ScalpE

DC

B

AA

G

Cranium

Cerebrum

A system ＝ Anastomosis intracerebralis
B system ＝ Basal communications
C system ＝ Cortical leptomeningeal anastomosis
D system ＝ Dural networks
E system ＝ Extracranial networks
F system ＝ Functional collaterals
G system ＝ Ground communications

Ventricle
Dura mater
Cerebral surface
Subarachnoid

space

Transdural
　 anastomosis

Phylogenic
Steps FISHES

MENINX  PRIMITIVA MENINX  SECUNDARIA SUBARACHNOID  SPACE

TMDU,  1985

REPTILES PRIMATESMAMMALSBIRDSAMPHIBIANS

Meninx

Illustration

Fig.　4　くも膜下腔の系統発生4）

Phylogeny of meninx

buoyant (+)

buoyant (-)

Meninx primitiva Meninx secundaria
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“Die Ontogenesis ist eine kurze und schnelle Rekapitulation der Phylogenesis”

Prof.Ernst Haeckel (1834 - 1919) 

“ Ontogeny recapitulates phylogeny ”
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Phylogeny

Ontogeny 

Fish Amphibian Reptile MammalianBird
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The Haeckelian form of recapitulation theory is considered defunct. 
However, embryos do undergo a period where their morphology is strongly 
shaped by their phylogenetic position, rather than selective pressures
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Carnegie stage 14   Week 5

Placental blood vessels are visible extending lower 
left from umbilicus.
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Week 4

Week 8
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MRI sagittal scan @4 week embryo

Development of the vision and hearing sensory vesicles 
(optic and otic) and their relative positions (optic at the 
diencephalon; otic at the metencephalon). 

The lamina terminalis at the end of the neural tube (site 
of cranial/anterior neuropore closure). 

Meninx primitiva becomes visible, but 
meninx secundaria has not come yet. 
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6 weeks
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Human embryo is 27 mm (CRL) in 
size and approximately equal to day 
54 - 56 of development (week 8)

Matrix layer of telencephalon starts to 
develop, but no marked dura mater 
encephalii is not yet emerged.
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Week 8
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Week 8:  Future’s tentorium cerebelli is formed.
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Dural mater is formed around 12weeks
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Week12

Meningeal dura (dura propria) 
developed earlier than osteal dura.
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AJNR: 15, November 1994 

A 

c 
Sigmoid Sinus and Jugular Bulb 

The sigmoid sinus begins at the junction of 
the transverse sinus and the superior petrosal 
sinus. It runs inferiorly along the posterior por-
tion of the petrous pyramid (retropyramidal 
segment). The sinus then runs anteroinferiorly 
along the inferior border of the petrous pyra-
mid (infrapyramidal segment). At the fetal age 
of 3 months the sigmoid sinus is small in cali-
ber. Because the cerebellar tentorium is lo-
cated rather high in this stage, undulation in 

DEVELOPMENT 1873 

8 
Fig 1. A 12-week -old fetus (65-mm crown-rump length ). 
A, Photograph of the brain showing injected veins and dural 

sinuses. The left cerebral hemisphere has been removed except 
for the left thalamus (Th) so tha t the transverse sinus ( 7) , the free 
m argin (row of arrow heads) of the tentorium, the internal cerebral 
vein ( 1), the great cerebral vein of Galen (2) , and the straight sinus 
(3) can be well demonstrated . The superior sagittal sinus (4) , the 
ventral diencephalic vein (5) (draining into the tentorial sinus [6]), 
and the stem of the middle cerebral vein ( 7) are also labeled . The 
relati vely small transverse sinus ( 7) is som ewhat obscured by the 
superimposed tentorial sinus (6) and other adjacent veins. 

B, Towne view and C, lateral v iew roentgenogram s. The trans-
verse ( 1) and sigmoid (2) sinuses on each side form a continuous 
narrow gentle curve that is continuous inferiorly with the jugular 
sinus (3) and the internal jugular vein (4). In the Towne proj ection, 
the segment of the sigmoid sinus, which lies behind the petrous 
pyramid (retropyramidal segm ent [X]) courses inferomedially in 
an arcuate fashion convex superom edially , whereas the infra-
pyramidal segment ( Y) , which runs below the petrous py ramid 
courses almost verti cally . The m asto id and condylar emissa ry 
veins (open w h ite arrowheads, m astoid above, condy lar below) 
originate from the sigmoid sinus on each side. The occip ita l si-
nuses (5) are plexiform in shape and are not d ilated at this stage. 
The primitive internal cerebral vein ( 6), great cerebral vein of 
Galen ( 7), straigh t sinus (8), superior petrosal sinus (9), superior 
sagittal sinus ( 10) and internal vertebral venous p lexus (asterisk) , 
deep cervica l vein (arrowhead) , and inferior petrosa l sinus ( 11) 
are labeled. 

the course of the sinus seen in an adult is less 
marked. The transverse sinus therefore ex-
tends into the sigmoid sinus with an obtuse 
angle. The sigmoid sinus continues inferiorly 
and communicates with the internal jugular 
vein through the narrow, not yet developed, 
primitive jugular bulb. Because there is no 
bulbous enlargement at this stage, it is more 
appropriate to call this segment the jugular si-
nus rather than the (primitive) jugular bulb. 
Radiologically the retropyramidal segment at 
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Okudera et al. AJNR 1994

1.Transverse sinus 
2.Sigmoid sinus 
7. Vein of Galen 
8. Straight sinus 
6. Internal cerebral v. 
9. Superior petrosal sinus 
10.SSS
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1874 OKUDERA AJNR: 15, November 1994 

c D E 
Fig 2. A 16-week-old fetus (115-mm crown-rump length) . Photographs of the base of the skull (anterior, middle, and posteriorfossa) 

showing the contrast-filled dural venous sinuses. 
A, View from above and 8 , view from above and side. The transverse sinuses (1) are ballooned, more so on the left; the lateral part 

(L) is more dilated than the medial part (fVT) . The transverse sinus begins to dilate from its lateral part and continues medially to reach 
the torcular at the fifth to sixth fetal month. This ballooning also extends into the superior petrosal sinus (2) on the right, whereas it fails 
to reach the latter on the left, which remains small. The free margin (radiating open arrowheads) of the tentorium, the superior sagittal 
sinus (SSS), the tentorial sinuses (3) , and the pituitary gland (4) are also labeled. A forceps holding down the torcular is labeled (star). 
Continues. 
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A 16-week-old fetus (115-mm crown-rump length) 

Okudera et al. AJNR 1994

1.Transverse sinus 
2. Superior petrosal sinus 
3. Tentorial sinus 
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AJNR: 15, November 1994 DEVELOPMENT 1875 

B 
Fig 3. Photographs of the brain of a 17 -week-old fetus ( 130-mm crown-rump length) showing injected dural sinuses. 
A, Base of the skull (view from above). The ballooned transverse sinuses ( 1) are uneven in size. The lateral parts (L) are larger than 

the medial parts (M). The superior petrosal sinus (2) are slightly dilated posteriorly because of anterior extension of ballooning of the 
transverse sinus into the posterior part of the superior petrosal sinus. The torcular is plexiform, showing many cut surfaces of the veins 
(asterisks). The straight sinus (SS) opens into the medial portion (M) of the transverse sinus on the right side. The prootic sinus (3), 
middle meningeal vein (4), tentorial sinus (5), hypophysis (H), and free margins of the tentorium (open arrows) are labeled. 

B, Posteriorfossa dural sinuses (same specimen, view from behind and below). The markedly dilated transverse sinuses (J) are seen. 
This ballooning continues medially to reach the torcular at the age of the fifth fetal month (Fig 4). The inner diameters of the sigmoid (2) 
and jugular sinuses (3) and internal jugular veins (4) remain unchanged since the 3rd fetal month (Fig 2C). The right anterior condylar 
vein (5) emerging from the jugular sinus (3) runs medially and inferiorly through the hypoglossal canal and joins the internal vertebral 
venous plexus (6). The mastoid emissary vein ( 7) emerging from the sigmoid sinus (2) can be identified on the right. The well-developed 
dorsal cerebellar veins (B) running upward on the dorsal aspect of the cerebellum, the lower part of the fourth ventricle (4\1), the tentorial 
sinus (9), and part of the occipital condyle (oc) are also labeled. 

Fig 2, cont'd. C, View from behind. The occipital sinuses ( J) are markedly increased in number and size-five to seven large venous 
channels. They stream inferiorly (from the primitive torcular area as well as from the medial portions of both transverse sinuses [2]) 
toward the developed marginal sinus (3) around the foramen magnum. The marginal sinus then drains into the deep cervical veins (B) 
(not well opacified on this specimen) and/or the internal vertebral venous plexus. The sigmoid sinuses ( 4) are not dilated, and the jugular 
sinuses (5) are small. The dilated transverse sinuses with incomplete multiple septations (arrows) , mastoid emissary veins (6) , and the 
dilated posterior part of the superior sagittal sinus ( 7) are labeled. The medial part of the transverse sinus is defective on the left (asterisk). 

D, Towne view and £, lateral view roentgenograms. The transverse sinuses ( 1) are dilated, particularly on the left. This ballooning 
begins from the lateral end of the sinus and proceeds medially to reach the torcular. Occasionally it further involves the posterior part 
of the superior sagittal sinus (SSS) . The sigmoid (3) and jugular sinuses (4) are not yet developed, and their diameters remain small 
(1 to 2 mm), showing little changes in calibers as compared with those of a 3-month-old fetus. The occipital sinuses (B) are, on the other 
hand, prominent, numerous, some of them huge, and connect the transverse sinuses with the already moderately developed marginal 
sinus (9) around the foramen magnum. The mastoid and condylar emissary veins (white arrows) are seen. Also labeled are the superior 
(2) and inferior petrosal sinuses ( 7), tentorial sinus ( 6), internal cerebral vein ( 1 0) , great cerebral vein of Galen ( 11), and straight sinus 
(SS). The internal vertebral venous plexuses (asterisk) and the persistent falcial sinus (black arrows) are also labeled. 

A 17-week-old fetus (130-mm crown-rump length) 
Okudera et al. AJNR 1994

2. SPS 
5. Tentorial sinus 

1878 OKUDERA 

Fig 6. A 7 -month-old (25-week) fetus 
(225-mm crown-rump length) . 

A, Photograph (view from above). The 
transverse sinuses ( 7) maintain their large 
shapes. Their calibers are large and are rel-
atively even on each side. The cut surface 
(row of arrowheads) of the torcular (2), 
straight sinus (3), tentorial sinuses (4), and 
the superior petrosal sinus (5) are labeled. 

B, Roentgenogram (anteroposterior 
view). The transverse sinuses ( 7) maintain 
their large size. They are of even inner di-
ameters. The sigmoid sinuses (2), the jug-
ular sinuses (3), and the internal jugular 
veins ( 4) are not yet developed. In compar-
ison with those of earlier stages, each sig-
moid sinus (2) at this stage takes a sharper 
medial curved course convex inferolaterally 
before reaching the jugular sinus. The oc-
cipital sinuses ( 5) and the mastoid emis-
sary veins ( 7) are well seen. The internal 
vertebral venous plexus (asterisk) and the 
deep cervical veins (arrowheads) are also 
well demonstrated. The superior sagittal si-
nus (SSS), the marginal sinus (6) , and the 
inferior petrosal sinus (8) are also labeled. A 

Fig 7. Roentgenogram of injected cranium of a 8-month-old 
aborted fetus (lateral view). The relationships of the transverse 
(J), sigmoid (2), and jugular sinuses (3) and the internal jugular 
vein ( 4) are similar to those of the 7 -month-old fetus (Fig 6), and 
their calibers remain small. Similarly the internal cerebral vein (5) 
and the straight sinus ( 7) and the torcular (9) have the relation-
ships similar to those of an adult. The vein of Galen (6), however, 
takes a more horizontal course because of the somewhat short 
straight sinus (normal variation). Note the position of the splenial 
vein (row of arrows). The superior sagittal sinus (10) is also 
labeled. 

vein, are (a) via the anterior condylar vein or the 
marginal sinus into the internal vertebral venous 
plexus, (b) via the posterior condylar vein into 
the posterior external vertebral vein or posterior 
jugular vein , (c) via the mastoid emissary, or 
(d) via the occipital emissary vein into the oc-

AJNR: 15, November 1994 

8 
cipital vein. At the age of latter half of 3 fetal 
months, the mastoid emissary veins and the 
anterior and posterior condylar emissary veins 
are already easily discernible. They originate 
from the sigmoid sinus and communicate with 
the extracranial veins (Fig 2C). Usually, the an-
terior condylar emissary veins appear first and 
receive the venous blood of the sigmoid and 
marginal sinuses. They course through the hy-
poglossal canal and open into the vertebral, or 
paravertebral, veins, or the internal vertebral 
venous plexus. This is followed by the emer-
gence of the posterior condylar emissary veins 
that receive venous blood from the same source 
as the anterior condylar veins , but frequently 
through the posterior condylar foramen. Those 
veins flow mainly into the deep cervical and/or 
the posterior jugular vein. Occasionally the oc-
cipital emissary vein originates from the torcu-
lar and penetrates the occipital bone inferiorly. 
This emissary vein appears below the external 
occipital protuberance to join a tributary of the 
occipital vein that eventually joins the external 
jugular vein. At the age of 4 months' gestation, 
the internal vertebral venous plexus is already 
well developed. At 5 months' gestation, these 
emissary veins become even larger and are 
seen on the posterior aspect of the mastoid 
(mastoid emissary veins) (Figs 2C and 38) and 
along the foramen magnum (condylar emissary 
veins). At the sixth to seventh fetal month, the 
condylar emissary veins connect the sigmoid 

7-month-old (25-week) fetus (225-
mm crown-rump length). 4. Tentorial 
sinus, 5.SPS
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Schematic illustration, focusing on the superior tentorial BVs and showing some of the many possible venous 
anatomic configurations, not necessarily coexisting in one individual.  

149x143mm (300 x 300 DPI)  
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Schematic illustration, focusing on the superior tentorial BVs and showing 
some of the many possible venous anatomic configurations, not necessarily 
coexisting in one individual.

Sinuses and bridging veins structure on the surface of tentorium cerebellum

Baltsavias et al.  Neurosurgical Review  2014
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Schematic illustration, displaying the inferior tentorial BVs, including the petrosal BVs as seen from a caudal 
view. It shows some of the many possible venous anatomic configurations, not necessarily coexisting in one 

individual.  
149x146mm (300 x 300 DPI)  
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The inferior tentorial BVs, including the petrosal BVs as seen from a 
caudal view. It shows some of the many possible venous anatomic 
configurations, not necessarily coexisting in one individual.
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Arrows: developmental push of both cerebral hemispheres. 
Embryo size approx. 29 mm. Modified from Blechschmidt, 1978

Falx cerebri is a very tough fascial membrane. 

Falco-tentorial junction is a pivotal point for the development of telencephalon.
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Modified from Arbuckle American Academy of Osteopathy, 1994.

Sphenobasilar Articulation: The most important of the cranial articulations, the SB synchondrosis is formed 
at the juncture between the occiput and the sphenoid articulation
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Modified from Netter F. The CIBA Collection of Medical Illustrations. Summit, NJ: Ciba,1983

Falco-tentorial membrane plays a role of biomechanics as the reinforce of skull bones. 
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The neural crest (NC) is a transient, embryologic structure that was first found by a 
famous anatomist Wilhelm His in 1868 .  

NC is called the fourth germ layer and is characteristic to the vertebrates 
phylogenetically.  
Neural crest cells (NCCs) are pluripotent and give rise to a variety of derivatives 
after migration in early embryogenesis, such as neurons, glias, cartilage, 
connective tissue, pigment cells, and adrenal cells.

What is the Neural Crest (NC) ?

His W: Untersuchungen über die erste Anlage der Wirtbeltierleibes die erste 
Entwickelung des Hunchens im Ei. Vogel, Leipzig, 1868
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and then grows toward the periphery (see Fig. 10-7).
Distal to the gray ramus, the spinal nerve thus carries
sensory fibers, somatic motor fibers, and postgangli-
onic sympathetic fibers.

Axons in Spinal Nerves Grow to Specific Sites
Motor and sensory axons in spinal nerves grow to
specific targets in the body wall and extremities.
Shortly after leaving the spinal column, each axon
first chooses one of two routes, growing either dorsally
toward the epimere or ventrally toward the hypomere.
Thus, the spinal nerve splits into two rami. The axons
that direct their path toward the epimere form the
dorsal ramus, and the fibers that grow toward the
hypomere form the ventral ramus (see Fig. 10-7).
The presence of the epimere is required for the forma-
tion of the dorsal ramus. If a single epimere is removed
from an experimental animal, the dorsal ramus of the
corresponding spinal nerve will grow to innervate an
adjacent epimere. However, if several successive epi-
meres are ablated, the corresponding dorsal rami do
not form.

The axons of somatic motor fibers in the dorsal and
ventral rami seek out specific muscles or bundles of

muscle fibers and form synapses with the muscle
fibers, whereas the postganglionic sympathetic motor
fibers innervate the smooth muscle of blood vessels
and sweat glands and erector pili muscles in the
skin. The specific signals that guide motor fibers to
their targets are not known. Inhibitory signaling
from Ephrins in ventral muscles is thought to direct
motor axons into dorsal nerve branches (also see the
discussion of axonal guidance in the following ‘‘In the
Research Lab”). Moreover, it has been suggested that
sympathetic fibers use the developing vascular system
as a guide. Conversely, recently it has been suggested
that peripheral nerves provide a template that deter-
mines the organotypic pattern of blood vessel
branching and arterial differentiation in the skin,
via local secretion of Vascular endothelial growth
factor (Vegf).

Sensory axons grow somewhat later than motor
axons. For most of their length they follow the path-
ways established by the somatic and sympathetic
motor fibers, but eventually they branch from the
combined nerves and ultimately become associated
with sensory end organs such as muscle spindles, tem-
perature and touch receptors in the dermis of the skin,
and pressure sensors and chemoreceptors in the devel-
oping vasculature. In many cases, the sensory neurons
are responsible for inducing and maintaining the spe-
cialized sensory receptors.

Figure 10-6. Dorsal and lateral views of transgenic mice that express the

bacterial lacZ gene in tissues that also produce Peripherin (a neurofilament

protein characteristic of PNS, but not CNS, neurons). The enzyme encoded

by lacZ causes the cells producing it to turn blue when appropriately

incubated. The blue stain is localized in small neurons of the neural crest

cell–derived dorsal root ganglia and in the axons of these cells that pene-

trate the spinal cord in a region overlying the dorsal gray columns of the

spinal cord (parasagittal stripes).

IN THE CLINIC

HEREDITARY PERIPHERAL NEUROPATHIES

Motoneurons, whose cell bodies lie in the anterior horns of

the spinal cord, may extend their axons for up to a meter in

the PNS. Sensory neurons, whose cell bodies lie in the

dorsal root ganglia, extend their central processes

segmentally into the spinal cord, and their peripheral

processes fasciculate with the axons of motoneurons to

form mixed nerves. Axons in the PNS are myelinated by

Schwann cells. Thus, the Schwann cell performs the role in

the PNS subserved by astrocytes and oligodendrocyte in the

CNS (discussed in Ch. 9). The signal for myelination comes

from the axon, and myelination occurs in axons larger than

1 to 2 mm in diameter. Each segment of a myelinated axon

is the territory of a single Schwann cell, the length of the

segments correlating with the diameter of the axon. For

unmyelinated fibers, single Schwann cells usually surround

multiple axons. The myelin sheath is composed of

compacted layers of the Schwann cell membrane. It is

predominantly lipid, but contains several proteins that have

LARSEN’S HUMAN EMBRYOLOGY

The blue stain is localized in small neurons of the neural crest cell–derived dorsal root ganglia 
and in the axons of these cells that penetrate the spinal cord in a region overlying the dorsal 
gray columns of the spinal cord (parasagittal stripes).  

What is the Neural Crest (NC) ?
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What is the Neural Crest (NC) ?

Neural crest cells are a temporary group of cells 
unique to vertebrates that arise from the 
embryonic ectoderm cell layer, and in turn give 
rise to a diverse cell lineage—including 
melanocytes, craniofacial cartilage and bone, 
smooth muscle, peripheral and enteric neurons 
and glia.

These cells undergo an epithelial-to-
mesenchymal transformation as they detach 
from the neural tube.
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Multipotency and migratory capabilities of neural crest

Neural crest is called  "The fourth germ layer” 
since the number of cell types that arise from 
the NC is truly astonishing as is the number of 
tissues and organs.

4

127

Cranial neural crest

Trunk neural crest

Cranial and trunk neural crest

Truncoconal
septum

Pharyngeal arch
cartilages

Dermis and
hypodermis of
face and neck

Odontoblasts

Dermal bones
of skull

Components of eye

Some cranial nerve ganglia

Preaortic
(prevertebral)
ganglia

Adrenal
medulla

Dorsal root
ganglia

Chain ganglia

Melanocytes

Enteric
ganglia

Schwann
cells

Glial cells
in peripheral ganglia

Inner meninges of
brain and spinal cord

Figure 4-22. Neural crest cells migrating from both cranial and trunk regions of the neural tube give rise to a variety of tissues in the embryo.

FOURTH WEEK: FORMING THE EMBRYO
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What is the Neural Crest (NC) ?

1. The cranial (cephalic) neural crest 
from Rhombomere 

2. The cardiac neural crest cells arise 
from the neural crest by somites 1–3; 

3. The trunk neural crest 
4. The vagal and sacral neural crest, 

whose cells generate the 
parasympathetic (enteric) ganglia of 
the gut 
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Cardiac Neural Crest

Cranial Neural Crest
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Vertebrates are characterized based on the endoderm, mesoderm, ectoderm and 
neural crest. Especially head and neck consist from neural crest that is so 
called the fourth germ layer. Pharyngeal system is also formed with neural crest.
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Neural crest–mesoderm interactions, D. M. Noden and P. A. Trainor 583
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progenitors of tongue muscles, which emigrate from
somites 2–5 and move en masse as the hypoglossal cord
(Fig. 2B) into the future tongue primordium, whose
connective tisues are of neural crest origin. The signifi-
cance of the interactions between mesoderm and
neural crest cells during myogenesis is discussed below.

Movements and differentiation within head 
mesoderm: connective tissues

Later during embryonic development, cranial paraxial
mesoderm produces cartilaginous and bony elements
of the neurocranium, including the parietal, petrous
and basisphenoid bones of the neurocranium (Fig. 5;
chicks: Couly et al. 1992; mice: Jiang et al. 2002). Iden-
tifying the origins of calvarial elements has sparked

controversy (Noden, 1975, 1978a, 1983a; LeLievre, 1978;
Couly et al. 1992) in two aspects: the precise locations
of the boundary between crest- and mesoderm-derived
osteogenic precursors, and the correct nomenclature of
avian vs. mammalian skull elements. Differing results
based on quail-chick transplantations centered around
the ability to graft neural crest or mesoderm progeni-
tors exclusive of contamination by the other, which
becomes increasingly difficult at progressively more
caudal regions of the hindbrain. However, the use of
replication-incompetent retroviral constructs contain-
ing a stable reporter construct (Mikawa & Gourdie,
1996) has substantiated the dual origin of the avian
frontal bone and exclusively mesodermal origin of the
avian parietal bone (Evans & Noden, 2005; Figs 3B and
5). Later, as the cerebral vesicles expand beneath the

Fig. 5 Schematic chick and mouse skulls 
showing the contributions of neural 
crest, paraxial and lateral mesoderms to 
the cranial skeleton. The avian map is 
based on transplantation and retroviral 
lineage tracings in the chick embryo; 
hyobranchial structures, all of which are 
derived from neural crest cells, are not 
shown. The mouse map is based largely 
on the location of neural crest cells, as 
identified by expression of LacZ driven 
by a Wnt1 promoter in cre-lox transgenic 
embryos (Jiang et al. 2002). Origins of 
mouse laryngeal cartilages are by 
extrapolation from avian data, with the 
caveat that birds do not have a thyroid 
cartilage. Blue dots indicate the 
locations of crest cells present at sites of 
calvarial sutures. Abbreviations (Figs 5, 9 
and 11): Ang, angular; Art, articular; 
Bs, basisphenoid; Den, dentary; Eth, 
ethmoid; Lac, lacrimal; Ls, 
laterosphenoid*; Mc, mandibular 
cartilage; Nc, nasal capsule; Os, 
orbitosphenoid*; Pal, palatine; Pfr, 
prefrontal; Po, postorbital; Ps, 
presphenoid; Ptr, pterygoid; Qd, 
quadrate; Qju, quadratojugal; San, 
surangular; Sqm, squamosal; *regions 
of the pleurosphenoid.

Noden et. al. J. Anat. (2005) 207, pp575–601  

Neural Crest Mesoderm
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ol. Sci. 2013, 14 

5981 
  

Figure 1. (A) cartoon depicting neural crest and paraxial m
esoderm

 origin of the cranial;  
(B) alizarin red staining of frontal (FOb) and parietal (POb) bone-derived osteoblast cells at 
osteogenic differentiation day 21 shows striking differences between FOb and POb, with 
FOb cells having a m

ore robust m
ineralization and larger bone nodules; (C) quantification of 

alizarin red staining; (D) M
icro-com

puted tom
ography (μCT) up to 8 weeks after creation of 

2 m
m

 calvarial defect in frontal neural crest-derived and paraxial m
esoderm

-derived parietal 
bones revealed significantly increased healing of frontal bone defect com

pared to parietal 
bone in P7 m

ice. Abbreviations: (E), em
bryonic; (P), postnatal.  

(A) 
(C) 

(B) 
(D) 

3. The Neural Crest  

In the context of bone biology and, in particular, in the context of our aim
s to explore the im

pact of 
m

am
m

alian calvarial em
bryogenesis on conferring different regenerative capacities on em

bryologically 
disparate calvarial bones, the neural crest deserves a special m

ention. The Neural Crest (NC) is a 
transitory structure, which form

s from
 the lateral borders of the neural plate as they join in the m

idline 
during closure of the neural tube [12]. It is a rem

arkable population of m
ultipotent em

bryonic cells 
unique to vertebrates, which m

igrate from
 the dorsal neural tube early in developm

ent to give rise to a 
diverse array of derivatives, including cardiac cells, m

elanocyte, neurons and glia of the peripheral 
nervous system

, and m
ost of the bone and cartilage of the face and skull [12,13].  

The form
ation of NC has been described as a classic exam

ple of em
bryonic induction, in which 

specific tissue interactions and the concerted action of signaling pathways converge to induce a 
m

ultipotent population of neural crest precursor cells. The process of NC induction is a m
ultistep 

process from
 gastrulation to neurulation. In the first phase NC form

ation is initiated by several 
environm

ental signals eliciting their effects on cells at the neural plate border. This involves the 
com

binatorial input of m
ultiple signaling pathways, am

ong them
 BM

P, W
nt, FGF and Notch. During 

the second phase BM
P, W

nt, and Notch signaling m
aintain these NC-progenitor cells and bring about 

the expression of definitive NC m
arkers including Snail2, FoxD3, and Sox9/10 [12–14]. 

Neural crest

Paraaxial  
mesoderm

Paraaxial  
mesoderm

Dural membrane has two 
major Germ layers.  
One is Neural crest and the 
other is mesoderm.

The sagittal suture is formed from neural crest cells and 
separates the two mesodermally derived parietal bones. 
The coronal suture is derived from mesoderm
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 Innervation of falco-tentorial dura mater 
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Dural innervation

V1

V1
V1

V2
V3

The innervation of falco-tentorial dura mater 
is trigeminal nerve V1.
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V1 was stimulated with 
devices and it caused 
trigeminal cardiac reflux.
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20
18

 ©
 A

BC - 
W

IN
 S

em
ina

r. A
ll r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
18

 ©
 A

BC - 
W

IN
 S

em
ina

r.  
All r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] . 
  

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .



20
18

 ©
 A

BC - 
W

IN
 S

em
ina

r. A
ll r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
18

 ©
 A

BC - 
W

IN
 S

em
ina

r.  
All r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] . 
  

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .



(Copyright © 2010 Wolters Kluwer); Base of the skull in adult showing the various embryonic component 
participate in its formation. Part derived from neural crest cells (blue) and paraxial mesoderm (red). (Sadler, 
2010)

neural crest cells

paraxial mesoderm 

Embryological back ground of skull and dural membrane

Dorsal mesoderm 
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by courtesy of Dr.Mitsuhashi modified from W.J. Larsen, Human Embryology

Embryology of ossification in relation with 
Membranous bone and Endochondral (cartilaginous) bone

Neurocranium

Vicerocranium
20

18
 ©

 A
BC - 

W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

.

20
18

 ©
 A

BC - 
W

IN
 S

em
ina

r.  
All r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] . 
  

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .



20
18

 ©
 A

BC - 
W

IN
 S

em
ina

r. A
ll r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
18

 ©
 A

BC - 
W

IN
 S

em
ina

r.  
All r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] . 
  

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .



Introduction of embryological concept of domains

Neural crest cells

Paraxial mesoderm 

Endochondral 
bone

Membraneous 
bone

Neural crest

Paraxial mesoderm 

dorsal mesoderm 

Dorsal mesoderm 
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Purpose: 
This study retrospectively analyzed the correlation between the distribution of 
DAVFs and the dural membrane derived from neural crest cells (NCC). 

Material and Methods:  
Sixty-six consecutive of DAVFs (32 men and 34 women, mean 68.4 years) were 
analyzed. Superselective digital subtraction angiography and high-resolution cone 
beam CT were performed in order to identify the shunt point.  
The topographical area derived from NCC was reviewed and identified from the 
literatures. 

Cephalic neural crest as the risk factor of dural AVFs
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Neural crest contributions to the skull
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FT group:  Falx and Tent of 
the cerebellum group derived 
from neural crest cells 

VE group: Ventral 
group on the surface 
of Endochondral bone 

DM group: Dorsal 
group on the surface of 
Membranous bone 

neural crest origin

paraxial mesoderm 
origin 

dorsal mesoderm 
origin 

Proposed classification of DAVFs
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FT group:  Falx and Tent of 
the cerebellum group derived 
from neural crest cells 

VE group: Ventral 
group on the surface 
of Endochondral bone 

DM group: Dorsal 
group on the surface of 
Membranous bone 

neural crest origin

paraxial mesoderm 
origin 

dorsal mesoderm 
origin 

Proposed classification of DAVFs
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Three different domains of dural membrane�

Dura propria alone  
(inter dural space between  two layers of dura propria)�

Periosteal dura and Dura propria 
on the surface of endochondral bone�

YES� NO�

FT group�

YES� NO�

VE group�

DM group�

Located on the surface of 
membranous bone�

Periosteal dura 

Dura propria 

SSS�

Transverse 
sinus�

Spinal canal is covered 
with only dura propria 

Tentorium cerebelli �

Falx	cerebri�
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Result 1

Neural crest derived 
(Neurocristopathy)

Fa
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FT	:	Falx	and	tent	of	the	
cerebellum	derived	from	
neural	crest	cells

VE	:	Ventral	group	
derived	from	
endochondral	bone	

DM:	Dorsal	group	
derived	from	
membranous	bone

N	
(male/female)	

15	
	(87%	/	13%	)

30	
	(27%	/	73%)	

21	
(62%	/	38%)	

Mean	age	(year) 65.1 78.4	 59.8

Cortical	venous	reflux 93% 37	% 52%

Major	symptoms

headache,	neurological	
deficit	associated	with	
venous	infraction,	
hemorrhage,	paraplegia	
(central	myelopathy)	

diplopia,	chemosis,	bruit	 headache,	tinnitus

Mode	of	embolization TAE	93%,	TAE+TVE	7% TVE	60%,	TAE	7%	
TAE+TVE		33%	

TVE	52%,TAE	19%	
TAE+TVE		29%

Result 2
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FT : Falx and tent of the 
cerebellum derived from 
neural crest cells

Non FT: Independent from 
Neural crest cells 

N 
(male/female) 

15 
 (87% / 13% )

51 
 (45% /55%) 

Mean age (year) 65.1 68,3

Cortical venous reflux 93% 42 %

Major symptoms

headache, neurological deficit 
associated with venous 
infraction, hemorrhage, 
paraplegia (central 
myelopathy) 

diplopia, chemosis, bruit 
headache, tinnitus

Mode of embolization TAE 93%, TAE+TVE 7% TVE 60%, TAE 7% 
TAE+TVE  33% 

Result 3
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Schematic illustration of the venous exits in the ethmoidal area, anterior to and at the lamina cribriformis. 

Notice the direct duro-leptomeningeal venous connections at the level of the olfactory bulbs as well as the 

BV exiting at the lowermost end of the superior sagittal sinus.  

119x73mm (300 x 300 DPI)  
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Morphologie und Histologie. 

11 

den Durchtritt nach oben. An der Vereinigungsstelle des Tentorium mit der 

Falx liegt der Sinus rectus, der vorn die Vena magna Galeni aufnimmt und 

hinten in den Confluens sinuum miindet. 

4. Diaphragma sellae turcicae. Dasselbe bildet eine tiber die Sella turcica 

hinweggespannte Briicke und schlieBt diese bis auf eine feine Offnung, den 

IDu'! 
git· 

tall 
up. 

'In. 

inlN' 

c(wcrno.u; nnt. 

Abb.8. Sinus durae matris. (Nach TANDLER.) 

Hiatus diaphragmatis, yom tibrigen Schadel cavum abo Der Hiatus dient zum 

Durchtritt fUr den Hypophysenstiel. 

Die Dura mater schlieBt an bestimmten Stellen, worauf oben schon hin-

gewiesen worden ist, venose Blutleiter, die Sinus, ein, die ein untereinander 

zusammenhangendes venoses System bilden. Den HauptabfluB besitzen sie 

durch das Foramen jugulare direkt in die Vena jugularis interna. Andererseits 

stehen sie mit den Venae vertebrales des Riickenmarkkanals und durch die 

Emissarien mit den Venen der Kopfschwarte in Verbindung. Uber die Lage 

und den Verlauf der Sinus durae matris geben die Abb. 7 und 8 AufschluB, so daB 

sich eine nahere Beschreibung derselben eriibrigt. Bemerkt sei nur, daB der 

Sinus occipitalis nach unten in die beiden, um das Foramen occipitale magnum 

Y.Ollh· 
lhahnl .. " 

Primitive marginal sinus (future’s falx and 
SSS) is derived from neural crest.
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FT group:  Falx,tent of the cerebellum and lateral surface of 
spinal canal group derived from neural crest cells 

Periosteal dura 

Dura propria 

SSS�

Transverse 
sinus�

Spinal canal is covered 
with only dura propria 

Tentorium cerebelli �

Falx	cerebri�

The pathologies on the surface of falco-tentorial region 
can be considered as the neurocristopathy.
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Discussion based on embryology

Geibprasert S et al. 2008 Tanaka M, 2016

ACC, olfactory groove, 
lateral spinal

ACC, Cavernous, 
sigmoid
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Summary 1 

1. Dural membrane on the falx, tentorium cerebelli, olfactory groove 

and spinal cord  are derived from neural crest. 

2. Dural AVFs associated with neural crest have always pial cortical 

venous reflux and character of demographic with male predominant.  

3.  Falco-tentorial, olfactory groove and spinal cord DAVFs can be 

considered as the neurocristopathy with aggressive clinical course.
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Why posterior spinal vein is always dilated 
rather than anterior spinal vein ?

Spinal DAVF
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Embryo@8 week
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Aretery of Davidoff-Schechter
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A 64 year-old-man presented with  
progressive paraplegia with  bladder 
and rectal disturbance.
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What causes Cobb syndrome? 

The cause of Cobb syndrome is not completely 
understood. It is believed that somatic mutations in 
the neural crest or mesoderm are responsible for its 
development fairly early in the development of the 
embryo .
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Lt.Th12 pre Lt.Th12  
post 1st NBCA injection

Lt.L1 pre
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Lt.Th12 pre 
(just after embolization from L1) Lt.Th12 Post
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Cobb syndrome is associated with the 
migration of neural crest pericyte. 
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Neurocristopathy 
The neural crest (NC) is a transient, embryologic structure that was first found by 
a famous anatomist Wilhelm His in 1868.  
NC is called the fourth germ layer and is character- istic to the vertebrates 
phylogenetically. Neural crest cells (NCCs) are pluripotent and give rise to a 
variety of derivatives after migration in early embryogenesis, such as neurons, 
glias, cartilage, connective tissue, pigment cells, and adrenal cells.  
It was proposed to call the diseases of NC origin as neurocristopathy  (crista = 
crest, ridge), which is divided into dysgenetic and neoplastic forms. 

Canadian pediatric pathologist Bolande proposed that diseases of NC should be 
called ‘'neurocristopathy'' in 1974. 
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Neurocristopathy was further classified into dysgenetic and neoplastic 
forms.  

Dysgenetic neurocristopathy, for example, includes congenital 
melanotic nevi, cafe au lait spots, albinism, Pierre Robin syndrome, 
Treacher Collins syndrome, facial clefting syndrome, and 
Hirschsprung's disease,  

The neoplastic form is typified by neuroblastoma, 
pheochromocytoma, carotid body tumor, paraganglioma, peripheral 
neuroectodermal tumor, and meningioma. 20
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Treacher Collins syndrome as a neurocristopathy 
mutation p.Lys643GlufsX38 (c.1927dupG) in the TCOF1 gene  
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Treacher Collins syndrome has potential risk of dysgenesis on 
the falco-tentorial region as a neurocristopathy.

20
18

 ©
 A

BC - 
W

IN
 S

em
ina

r. A
ll r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
18

 ©
 A

BC - 
W

IN
 S

em
ina

r.  
All r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] . 
  

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .



Flow diagram of the current model of the pathogenesis of Treacher Collins syndrome.
Nature medicine 2008 

Right panel shows rescue 
of most apoptosis in the 
neuroepithelium, normal 
neural crest migration and 
normal bone structure in 
Tcof1+/- mice lacking one 
copy of Trp53. 
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Segmental neurovascular syndromes in children.

The concept of segmental vascular syndromes with different, seemingly unrelated, diseases 
is based on the embryology of the neural crest and the mesoderm migration of cells that 
share the same metameric origin.  

Migrating patterns of these cells link the brain, the cranial bones, and the face on the same 
side.  

A somatic mutation developing in the region of the neural crest or the adjacent cephalic 
mesoderm before migration can, therefore, be postulated to produce arterial or venous 
metameric syndromes, including PHACES, CAMS, Cobb syndrome, and Sturge-Weber 
syndrome.  

Although these diseases may be rare, their relationships among each other and their 
postulated linkage with the development of the neural crest and the cephalic mesoderm may 
shed light on the complex pathology and etiology of various cerebral vascular disorders.
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The PHACE acronym refers to the association of: 

Posterior fossa anomalies- Includes Dandy-Walker malformation, cerebellar hypoplasia or 
agenesis as well as other central nervous system (CNS) abnormalities 

Hemangiomas- segmental facial 

Arterial cerebrovascular anomalies- agenesis, aneurysms, occlusion or anomalies of arteries or 
persistence of fetal circulation 

Cardiac abnormalities and Coarctation of the Aorta- structural heart defects and/or coarctation, 
aneurysm or aberrant anatomy of the aorta or the vessels that arise from the aorta 

Eye abnormalities- persistent fetal vasculature and morning glory disc anomalies, 
microphthalmia, optic nerve hypoplasia and other ocular abnormalities 

This is not an all-inclusive list. Recently, a review detailed findings in each of the above 
categories that can be associated with PHACE and defined consensus criteria to diagnose 
PHACE syndrome. 

PHACE syndrome should be suspected clinically whenever a newborn exhibits a segmental 
hemangioma greater than 5 cm of the face and/or scalp. Subtle skin changes involving the skin 
overlying the sternum  or above the umbilicus can also be a clue to PHACE syndrome. These 
include linear scars, clefts, pits, dimples, or papules.
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In a review of 108 patients with large facial hemangiomas (images from Haggstrom), it was found that the 
highest risk for PHACE syndrome seems to be in patients who have hemangiomas involving the S1 and S3 
segments. S4 segmental involvement also confers risk but PHACE rarely occurs with solely S4 presentations 
without S1 or S3 involvement. Isolated S2 involvement seems to have a lower risk of PHACE as well.

Itinteang T, et al.Primitive mesodermal cells with a neural 
crest stem cell phenotype predominate proliferating infantile 
haemangioma. J Clin Pathol (2010) 63:771–6.

Haggstrom A, et al. Pediatrics Vol120, 2010
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This patient with a segmental hemangioma of the 
back manifested cardiac and aortic arch anomalies 
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Cardio-cephalic neural crest syndrome
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CRANIOSYNOSTOSIS 

Craniosynostosis, the premature closure of sutures, affects approximately 1 in 2500 
children and occurs in many syndromes, including Crouzon, Apert, Pfeiffer, 
Muenke, and Saethre-Chotzen syndromes 

The coronal suture is derived from mesoderm and separates the neural crest cell-
derived frontal bone and the mesoderm-derived parietal bone. The sagittal suture is 
formed from neural crest cells and separates the two mesodermally derived parietal 
bones.
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The typical dysgenetic form includes Hirschsprung disease, DiGeorge 
syndrome, coarctation of the aorta, and agenesis/ hypogenesis of the 
internal carotid artery (ICA), and the neoplastic form includes 
neuroblastoma, paraganglioma, and neurofibromatosis type 1 (NF1).  

Interestingly, it is reported that Moyamoya disease co-exists with 
Hirschsprung disease, coarctation of the aorta, and NF1.  
In addition, PHACE syndrome may present with agenesis of the ICA, 
coarctation of the aorta, cardiac anomaly, and segmental facial 
hemangioma as well as Moyamoya disease . 
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Niche Neuro-Angiology Conference 2017

Komiyama M

Slide 7

Slide 8

Slide 9

Anterior circulation is 
derived from neural crest 

Posterior circulation is 
derived from mesoderm.
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Moyamoya disease affects only the arterial 
system derived from neural crest pericytes.

→ Moyamoya disease is a sort of neurocristopathy.

20
18

 ©
 A

BC - 
W

IN
 S

em
ina

r. A
ll r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
18

 ©
 A

BC - 
W

IN
 S

em
ina

r.  
All r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] . 
  

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .



Conclusions 

1. Falx cerebri, tentorium cerebelli, olfactory groove and dura mater of 
spinal canal can be categorized to the same domain derived from 
neural crest. These dura maters consist of only dura propria 
(meningeal dura). 

2. Falco-tentorial, olfactory groove and spinal DAVFs can be defined as 
the neurocristopathy that is a category of diseases associated with 
neural crest development.  

3. A thorough knowledge of NCC may help in understanding a disease 
process and address these pathological issues associated with falco-
tentorial dura mater.
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Thank you…

michihiro.tanaka@gmail.com

Neural crest gives us another point of view to know 
underlying pathology of falco-tentorial system.
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