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What is the Crgnio-Vertebral Junction
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A sgg‘ment of the spine dedicated to head motion Q,Oa@Q
& "vision, smell, earing, seizing, eating, fighting &

Interposed between the “standard” spine and the ceanleed
spinal segment that constitutes the bony posterior qu°sa

Derived from occipito-cervical somites 3



Malformations at the cranio-vertebral junction
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1. Gastrulatlon notochord development and malformations Q‘@Q
@
> neuro-enteric canals/cysts &
@\ S
& ~>diplomyelia/diastematomyelia @Q@
?
(LQ\«@ 2. Neurulation: neural tube differentiation and closgeré
@
> Chiari Il
S
3. Somitic/vertebral segmentation disorders S
2
4. Bony growth disorders c)e,<°°

- Chiari 1 deformity commonly asgo%lated to both
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Notochgrdodysraphism
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Formation of the notochord
Neuro-enteric canal and cyst



Notochgrdodysraphism
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Notochordodysraphism at the CVJ

Neuro enteric
canal and cyst

Foramen magnum k\\
diastematobulbia W|tgv
trlplobqibla
Sandberg CN§§2007
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Open neurodysraphys@d(neural tube defect) at the CVJ

Myelobulbo-meninggéele = Chiari 3

« (Chiari2is a defgf?nlty secondary to a
myelomenlnggéele not a malformation)




Somitic segmentation process

. Vg&ﬁral induction SHH
OSegmentatlon genes: Homeobox genes
«@“Q’ “Segmentation clock” genes:
® — cyclic activation of Notch, Wnt, FGF makes ug«»‘f?\e somites

— cyclic inhibition by MESP2 = mtersomltlc-g@%ndarles
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Bony cranio-vertepral junction segmentation

> & .
o Verteb@%l “resegmentation” process ‘QQ,O&*
— @‘§om|tes = nerves, vertebrae between nerves &\o@“’f
o **’? hree cranio-vertebral specificities @Q@@c’
Q\«@v 1. cephalized rostral “spine”: unsegmented posten@F fossa

C\

2. bidirectional cranio-vertebral joint: un- d|V|deqd>‘(°31 -C2

3. retention of C1 hypo-centrum for rotat|0@§ocket

6@



somites spine

loose

/\
o S
1) somitic levels correspond to nerves * vertebrae are between nerves



somites spine

SN C1

SN C2

—> SN C3

<
2) unsegmented occipital — CVJ segmént — resegmented spine



3) retention of the O4 - C1 segmental hwg?’)centra (hypochordal arches) to
complete the multidirectional articulation (socket for the axis)



Segmentation pro€ess: beyond the somites

Axial skeleth paraX|aI mesoderm, neural tube are segmented &
Rostral- rgest notochord extends to mesencephalon &
Rhombbmere 0 = isthmic organizer starts the segmentation  «°

Seg?nents somitomeres correspond to neuromeres &

\@ pharyngeal (branchial) arches = ventral portion of mgﬁmplete
somites: no dorsal sclerotome, myotome, dermatgme

— occipital somites 1-3: no dorsal myotomes
— pro-atlas: no dorsal sclerotome &

— C1: no dorsal dermatome (no sensory Qé*f)
§
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neuro- neural tube somito | somite | derivative 1 derivative 2

mere -mere
r0 ‘%Q@‘\\ NC: prechordal mesoderm?
r1 pons-cerebellum 0.\0&01 NC: orbital muscles and walls
r2 open medulla J\oo"’y 2 Phar. arch 1
r3 &Q@b\) 3
r4 open mbeﬁﬁlla 2 4 Phar. arch 2 Q>

< o

rs 0‘@9@ 4 .QQ@Q
e @p&én medulla 3 6 Phar. arch 3 pyra\gﬁ?d
r7 09@& 7 ‘m’é@stmd
((8*\e 8 OS1 Phar. arch 4 QQ@@O

©\§’r9 closed medulla 9 0S2 ?@‘ occiput

D 0@“’

r10 closed medulla 10 0OS3 Phar. arcfz@@
r11 11 0S4 v\\@“ foramen magnum
m' 12 | CS1 &
m2 cord 13 CS? \@éJ C1-C3
m3 cord 14 CS3\4@‘"
m4 15 | CSH




Segmentation process

o Ventng&fnductlon SHH Q&é‘

. Se(g?nentatlon genes: Homeobox genes &

%egmentatlon clock” genes: 4
Q,O' — cyclic activation of Notch, Wnt, FGF makes up thg@%omltes
S — cyclic inhibition by MESP2 = intersomitic- bourle}arles

« Specific causes, pathways, processes to expla@ why
segmentation is abnormal in a given patlents\are lacking

 Specifics of CVJ unknown &

6@

« Segmentation disorders may be syn@rﬁmlc or sporadic



Missegmentation of theé bony CVJ

&
o
Table 1 Classification of bony malformations of th V) according to embryogenesis
R

Clinically significant CV] bony malformations 04‘2’0
raN

,'QU
Malformations of central pillar 06°0 Malformations of surrounding rings
K

o~
Disturbance of axial component ufg&éipit&l sclerotome, proatlas  Disturbance of lateral component and hypochordal bows of proatlas and C,

and C; resegmented ﬁclemtmneb' resegmented sclerotome &
2 3@
_ F . O
Odontoid dysgeneses @9 Basioccipital dysgeneses Proatlas anomalies C, sclerotome ajmmallf-Qso
_ —' W O W . _ — _
] Apla*u&'hj,?]mplaqlg?gé:f * Failled midline integration of = Hyperplasia of hypochordal bow of =« Aplasia of llmgamrdal bow of
odontoid cmnpqgentq bhasioceipital primordium proatlas C, 400\
» Disturbanc é?ﬂduntmd — Bifid clivus — Third occipital condyle - Aplasiaoeﬁ'd hyvpoplasia of
synchonddeses (IBZ) miter'gg}?:, arch
— s e’dnntuidemn = Basioccipital dysplasia — Pre-basioccipital arch . AB{hqla{h}fpuplaqm of lateral
@ ?Ss;clemmme
é\%ﬂﬂiculum terminale — Basilar impression = Hypemplasia of exoccipital 6 — Posterior C; arch agenesis
V" persistens sclerotome @
* Abnormal resegmentation — Platybasia — Hypertrophic occipital cnnd}fle@ * Combined hypochordal bow and
of proatlas centrum 9\‘ lateral sclerotome dysplasia
<Q
— s avis — Retroflexed dens = Non-resegmentation of pl&tlas {an- — Aplasia of lateral mass and
terior homeoftic trmmt\g@?natmn} anterior C; arch
» Failed midline integration — Basilar invagination — Atlas a-:ﬁilnilating@& — Combined anterior and posterior
of basal dental segment \$\$ C, arch defects
— Bifid dens — Basilar kyphosis = Posterior I}gm'mtic transformation — Bifid anterior and posterior C,
©?‘ arch
A
-
P

Pang and Thompson Childs Nerv Syst 2011






Abnormal bony posterior fossa

O

N . .
Normal occipital Unilateral occipital s~ Basal impression

alignment hypoplasia §%®‘° (invagination)



spontanegUsly
» May bgsSecondary to lumbar
shugt'or CSF over-drainage
%0

&
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Chiari 1 is a deformity”not a malformation



Chiari 1 deformity: terminology

©

« Hans Chiari 18%

— Chiari 15 ionsﬂlar ectopia &
— Chlag@? low, abnormal hindbrain with myelomeningocele (\.@Q@Q
— Ch}‘arl 3: occipito-cervical cephalocele @@0&
—oﬁt\;hlarl 4: extreme cerebellar hypoplasia, now PCH (de%@ﬁeratlve)
fortorl Donati 1996 @Q

(LQ\«@? — Chiari 4: Chiari 2 + small cerebellum, now vanlsgaéd cerebellum”

« Alabama’s group, 2000s &%@@@

— Chiari 0: no Chiari but syringomyelia S

&

— Chiari 1.5: tonsillar + brainstem descenf"
— Chiari 5: Chiari 3 + occipital lobes

O/



Chiari 1: pathogenetic postulates

&
&
®4®
S
060§0
@Qﬁ
W
& .&Q’G
& ,\6‘\\
\9K \‘JQ
& &
- Q
&
Hans Chiari: congenital hydrocephalus .&\oo“”
0
*$ 1970’s-1980’s: Chiari 2 in children, Chiari 1 in adults
\7~ A
P 1990’s: abnormal ventro-dorsal patterning X
Vv Y L
* Now: small posterior fossa &
S
S
&
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Chiari 1: sppall posterior fossa

. @small posterior fossa (Trygilidas 2007, 61 children) &

?‘3)
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Poorly develqp?éod posterior fossa (Aydin 2005, 60 adults; Sekula

2005, 20 ag&ﬂlts) &
posterlQJ@‘fossa normal without syringomyelia, small with &
syrmgﬁ%myella (Sgouros 2006, 42 children) o
agnormal skull base morphometry (Sgouros 2007, 30 Chlldoti%n)

b\)

basi-occipital shortness (Noudel 2009, 17 adults; Dg@tekln 2011, 15
adults)

posterior fossa normal in children but abnorma&ﬂn adults (Furtado
2009, 21 children, 21 adults) s
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Chiari 1 deformity: a discrepancy content/container

N
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9‘5\& @8\0\
« Large bséln/hlndbraln Q@@@Q
— §®tos HME, NF1, congenital hydrocephalus etc. ogf\
+ Stnall skull, and / or small posterior fossa Q@@‘"\
& _ &
P craniosynostoses, platybasia, basal impression e@téc@
 Short clivus (most common) &
— pro-atlas hypoplasia v\\@“
« Mis-segmentation (e. g., Klippel-Feil) @e@@

— occipital vertebra, other complex mglf\grmations



Chiari 1: postgrior fossa cisterns

: : © :
In all, posterior fossa is small, theé;éore cisterns are effaced and
foramen magnum is crowded



dysplasia |




Small skull or small posterior fossa
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c;&f)’avalier King Charles Spaniel

i + small skull
- flat skull base - PF <
« Chiari 1 deformity (\,@Q@“
-+ syringomyelia (no hydrocephalus)<*
cﬁo

Crouzon
early closure of

INKY MOUSE STUDIOS, .,

o coronal sutsfes

and’basal

syngﬁ%ndoses



Anatomic Iandmewks of bony posterior fossa

. ChaerTIam McRae
— same plane
. O,tﬁer landmarks
@05*— synchondrosis — midpons
«©  — basion -- obex
¥« Incisural line




Anatomic landmarks of bony posterior fossa

. ChaerTIam McRae
— same plane
. O,tﬁer landmarks
— synchondrosis — midpons
— basion -- obex
* Incisural line

§

Tip of dens and@Scmplto atlantal joints are aligned
along the flexfon axis of the head




Bony abnormalities; posterior fossa landmarks

Short clivus
Small posterior fossa

Abnormal CVJ dynamics y\\\ not sutures
%o@@ Posterior fossa small,

,§ vault gives way,

& hindbrain ascends



Anatomical Iand\gparks of posterior fossa

» Posterior fossa sagittal osteo-dural pentqg‘bn regular and symmetric
« Standard measuring bar: clivus o



Abnormal bony posterior fossa

O

Normal occipital Unilateral occipitaloq,«‘v\\ Basal impression
alignment hypoplasia &  (invagination)
&\

NG

Sagittal pentagon AN@goronal evaluation



- effaced cisterns
« asymmetric pentagon = short
supra-occiput

» effaced cisterns &
| « flat pentagon = flat post@f or
fossa &

. gelast& seizures
. Iow,,«f%rebraln effaced

\gt@rns McRae & Chamberlain
*“ asymmetric pentagon




» small, flat pentagon: short
clivus & supraoccipital,

* high midbrain, filled cisterns, wide
basal angle 0‘\\

* platybasia, flat asymmetr@
pentagon & short supraeﬁmpﬂal

. dlstg)ﬁed pentagon: short clivus,
re;efoverted” dens (tilted head)
@e hypoplastic pro-atlas




Short clivus: proatlantal hypoplasia and retroverted dens

R .
dVTenezes & Fenoy 2009
@
 Proatlas: anterolateral margin of foramen magnum @

* Hypoplasia of clivus & condyles, not of oplsth|on S ¢
» Head tilted forward, relative ascent of the deg& WhICh abuts medulla
* Occipito-atlantal joints ascend in relation @ brainstem

— not a “basilar impression” a©
o




Abnormal segmentation : occipital vertebra

} Occipitgl

»

] <

>
C2-body

b C3

Prominent dens & short clivus S

Associated hypoplasia of jugular tubercl%s@c’condyles
A

Neo-articulation with unknown ligamentous anatomy




Hypogenesis, condylus tertius: new joint, what ligaments?

} Occipitgl

»

J

>
C2-body

b C3

&
High segmentation, undivided O4, fusegd“i’);/pocentra,
prolonged invaginated dens; ligamentous apparatus?




Chiari 1: pathophysiology
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« Chiari | deforimﬂ[y chronic tonsillar downward displacement >

@
G \

— four m“éln causes: 1) large hindbrain, 2) short / flat posterior fos%a

BQH‘)roatIantaI hypoplasia, 4) occipital vertebra &

. N*‘ét a cause of hydrocephalus, but most common cause Qﬁ%ydromyella
X C)and medullary/ low cranial nerve compression (pluggm@ of foramen

a magnum) @@f
« CVJ bony malformations have complex conseqfences

— abnormal osteo-neural blomechanlcsgé’pemflc brainstem exposure)

— unknown anatomy of Ilgamentou§@§pparatus (stability)
o



Neural cranio- veortebral junction: tumors

Neural cranio- veﬁebral junction is biologically different from upper
medulla @
&

Like in corgi@ cranio-cervical gliomas involve the whole neural &
\

thlckne§s upper medullary gliomas are tegmental or ventral D

(
2

Geng,a?’ne of ependymomas is different in different locations &

& genetlcally similar to cord and like them , lower fourth gﬁntrlcular
ependymomas are rather benign (type B) @Q




Arterial cranio-vertebraljunction: functional adaptation
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. Lowef‘\medulla and upper cord supplied by anterior midline Cha?hnel

« Dev elopment of the hindbrain first, then of cerebral hemlsgﬁeres
@ﬁed to capture of the cervical supply through IongltudmaL

«@v‘*’o paravertebral anastomoses @
© o The mobility of the CVJ imposed peri-atlantal collgdséral loops via
the pro-atlantal arteries ,q@%
S
&
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Venous cranio-vertebral junction: cranio-spinal continuity
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Supratentorial vgﬁous drainage: through remaining ends of the
primary head &%uses cavernous sinus and jugular foramen, and
perlpheral g&d’ral collaterals (sinuses)

Like the@Splne posterior fossa characterised by an anterior eplduﬁal
pIeXL@\and lateral outlets (mastoid and posterior condylar emls@ary

chaﬁnels)
&ontlnuous with sigmoid sinuses and spinal

epidural plexuses

Jugular foraminal stenosis = high ICP

only if associated with cervical canal stenosis\\@“@

(and non-efficient emissary veins) i

@
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In summary

o &

%
N P
e‘?’ @0

CVJ: a&ﬁevelopmentally transitional zone between pharyngeal ar‘ch
ancixé’omltlc systems, retaining vestigial hypocentrum @o‘

Eony, neural, arterial and venous transitional segment a§oc»?/ell
— in addition to being a specifically joint for a complex%otlon

Chiari deformity a consequence of CVJ abnormallues not a
malformation &

\<\

— clinical impact : compression (cord, cranlaﬁ‘ verves CSF

dynamics) and abnormal blomechan|0§°(osteo -medullary conflict)
§



