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Chiari Malformation Classification 
CM-1: paraxial mesoderm disorder, with abnormalities of the posterior cranial fossa 

(mostly small) and the consequent herniation of the cerebellar tonsils

CM1-A: with syringomyelia on MRI

CM1-B: without syringomyelia on MRI

CM-2: associated with myelomeningocele (prevalent in childhood), hydrocephalus, and, 

less frequently, hydrosyringomyelia. Other types of intracranial defects (hypoplastic

tentorium cerebelli, cranial lacunae, anomalies of the Sylvius aqueduct) may exist

CM-1,5: cerebellar tonsils and brainstem herniation (kinking) below the McRae line

CM-0: volumetrically small posterior fossa, obliteration of the cisterna magna, cerebellar 

tonsils positioned at the foramen magnum and a syringomielia in the cervical spinal cord 

“Complex CM1”: coexistence of CM1 with skeletal deformities of craniovertebral

junction and cervical spine (Klippel-Feil anomaly, atlanto-occipital fusion, basilar 

invagination, retroversion of the odontoid process)



This variant probably results from a smaller posterior fossa as compared to classical
Chiari I malformation, with increased degree of neural overcrowding and downward

displacement of the medulla. It is noteworthy that associated skeletal anomalies, such
as platybasia and basilar invagination, also are relatively more common in patients

with the bulbar variant than in classical Chiari I’s (P. Tortori-Donati and A. Rossi, 
unpublished observations). 

“bulbar” or “myelencephalic” variant of the Chiari I 
malformation

Gennaio 2005
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• CVJ abnormalities including basilar 

invagination, occipitalization of the atlas, 

and retroversion of the odontoid are more 

common in the Chiari 1.5 malformation

• These anomalies may coexist in 

individual patients

CVJ anomalies and Chiari I









CCJ instability
Instability occurs each time the anatomical relationships between the 
articular components are altered or have the propensity of becoming 

abnormal under the influence of certain solicitations

Broken red 

circle

• Atlanto-occipital dislocation

(C0-C1 instability)

• Atlanto-axial subluxation

(C1-C2 instability)

• Sub-axial subluxation

risk of neurological involvement



osteologia
• Scheletro largamente cartilagineo: rachide ipermobile

• Processi iposviluppati

• condili

• Processo uncinato(assenti<10 aa)

• Faccette articolari: orizzontali

• Corpi vertebrali:orizzontalizzati e

cuneizzati

• Soggetti alla lussazione

14-year boy

one-month baby

Lussazioni+frequenti delle fratture!!!!



Clivus-canal angle: 
Angle formed at junction 

of Wackenheim’s line
and posterior vertebral 

body line

Range= 150° in flexion 
to 180°in extension 
< 150° considered

abnormal

Chamberlain’s line: 
posterior margin of hard 

palate to opisthion

Smoker W, Childs Nerv Syst (2008)

Tip of the odontoid 
should be no more 

than 5 mm above this
line

Wackenheim’s clivus
baseline (basilar line)

Line extrapolated along 
dorsal surface of the 

clivusvus

Line should fall 
tangent to, or 
intersect, the 

posterior one third
of the odontoid

Basal angle: 
Angle subtended by the 
junction of the nasion–

tuberculum and tuberculum–
basion tangents

Should be less than
140°



Criteria for unstable configurations at the CVJ

• Predental space >5mm in patients <8 yrs of age, >3 mm in those 8-10yrs & 
older

• Separation of atlas lat masses >6 mm

• Vertical clivus odontoid traslation > 2mm

• Gap between occipital condyles & atlas facets on lat cervical Xray

• Abnormal relationship between spinal canal e FM

• Abnormal craniocervical motion dynamics 



INDICATIONS

a)Anterior and posterior bifid C1 arches with instability, absent
occipital condyles

b)Severe reducible basilar invagination, unstable dystopic Os 
odontoideum and unilateral atlas assimilation

c) Acquired phenomenon with traumatic occipito-cervical
dislocation, complex CVJ fractures of C1 and C2, after
transoral CVJ decompression, cranial settling in Down’s
Syndrome and inflammatory diseases such as Grisel’s

Syndrome.
d)Clivus chordoma and osteoblastoma

“Fusion at the  craniovertebral junction”
Ahmed R,TraynelisVC, Menezes AH.

Childs Nerv Syst. 2008 oct;24 (10) 1209-24



CVJ Instability in CM1: Rationale

.Association with CVJ malformations

.Association with genetic syndromes presenting
cervical spine anomalies

.Association with disorders and bone diseases(see
fibrodisplasia)

.Association with hereditary disorders of connective
tissue (HDTC), see Ehlers–Danlos syndrome and 
Marfan syndrome





Basilar invagination

• Upward herniation of the margins of the foramen magnum into the posterior 

fossa

• Impingement of structures, such as the odontoid on the medulla oblongata 

with flexion of the head 

• Abnormal development of C0/1/2

• Basilar impression: secondary form of invagination caused by softening of 

bone

Chamberlain’s line:

Dens tip not > 5 mm above



Occipitalization of C1

C0
C1

C0
C1

Fusion of the atlas to the occiput
Frequent association with foramen magnum stenosis

flexion



Os odontoideum

• Ossicle with smooth cortical margins and 

no connection to the body of C2

• Congenital (centrum of proatlas)

• Acquired (remote trauma with chronic

nonunited dens fracture)

• Intrinsically unstable, possible acute 

neurologic findings

Klimo P et al. 

J Neurosurg Spine 9:332-342, 2008



Anterior dislocation

OO



Os odontoideum

Posterior dislocation



HEADACHE and NEUROVEGETATIVE  DISORDERS





Severely reduced CSF flow in the 
posterior subarachnoid spaces at 

the foramen magnum
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Prevalence of Craniovertebral Junction Instability with Chiari I Malformation
Overall, among surgical patients with CMI and syr- inx, the prevalence of 

coexisting CVJ instability is extremely low. In a multicenter study of 637 pa-
tients who underwent posterior fossa decompres- sion for CMI and syrinx, 

only 1.9% went on to have OCF for instability. 

The CXA—normally varying from 144 in flexion to 170 in extension 





S. di Rubistein-Taybi 
 

  anomalie osteo-legamentose della giunzione 

             chiari I / siringomielia 

           tethered cord 

             scoliosi 



Sublussazione C0-C1 

Chiari I 

Siringomielia 

Scoliosi Tethered cord 

SI NDROME DI  RUBI STEI N-TAYBI  



S.  NOONAN

•Ipertelorismo

•Orecchie bassoposte

•Collo corto e pterigio

•Cardiopatia

•Ritardo psico-motorio

•Bassa statura

•Difetti di coagulazione

•Ipoacusia



Pseudoacondroplasia

Chiari 1.
Lumbar Kyphoscoliosis

Female 7 yrs
Headache,increased by

Valsalva maneuver



Fusione archi 
post C2-C3 

Chiari I Tethered cord Scoliosi Siringomielia 

SI NDROME DI  RUBI STEI N-TAYBI  



















Diagnostic Exam for  CVJ Instability



Imaging techniques

• Plain radiographs

(static - dynamic)

evaluate specific distances 

between structures of the CCJ

• CT (static - dynamic)

optimally defines the 

osseous structures

RADIATION 

EXPOSURE!!

!



Imaging techniques

3D CT reconstructions



Imaging techniques
• MRI (static - dynamic)

ideal for evaluation of soft tissues, neural structures, and ligaments / bone edema

dynam
ic

T1 T2 –
SPIR

T
2

T1 
mdc



Clinical Indication and timing for Fixation



clinical presentation

Paresthesias

Arm Pain

Weakness/stiffness

Hoarseness

Neck

pain

Breathing

difficulty

headache

torticollis

Ataxia
Quadriparesis(may

be transient)





Operato a 22 mesi



A 6 aa dolore 
Occipitale accentuato

Da Valsalva

Impressione basilare
Con instabilità





234 patients
Ages ranged from

2,5 to 86 years
33% (77 <16years)

“In any of these cases,it is imperative that the treating physician obtains a comprensive preoperative imaging 

survey of the CVJ ,including dynamic MR cervical extension and flexion image to be able to formulate the best 

treatment”  







33 patients:  None  had any syndromic affections, hydrocephalus, brain tumors, 
spina bifida, brain tumors, skull bone anormality, infections, connective tissue disorder

24 patients                  basilar invagination

9patients                     no obvious basilar invagination or any bone anomaly of the CVJ



CM1 secondary to atlantoaxial
Dislocation

Atlanto axial stabilization forms the 
mode of surgical treatment

FM decompression is not necessary
and in the long run could be a
counterproductive operation



At present, there is insufficient evidence supporting the hypothesis of 
atlantoaxial instability being the common progenitor for CVJ abnormalities. 



S. A.
Female
11 yrs

Sudden occurrence of paraparesis and bladder globus. 

Steroid treatment followed by recovery of normal neurological
status within 24 hours.

Brain & Spine MRI: basilar impression, platybasia,
medullary ectopia lower than 5 mms, signal abnormality of the 

spinal cord at C1–C2 level.



On admittance: 
normal neurological status

Neuroradiological assessment:
- Platybasia

- Basilar impression
- Atlanto-occipital fusion and 

fusion of C2–C3 vertebral bodies 
and laminae

-Absent C1 posterior arc
-Chiari 1

- Narrowing of the Foramen
Magnum









“Treatment of basilar invagination associated with Chiari 1
malformation in the pediatric population: cervical reduction and 

posterior occipito-cervical fusion.”
Rekate, Sontag.

J.Neurosurg 2004 Nov; 101(2 suppl): 189-95





“In selected cases, manual cervical distraction and extension, posterior
fixation and fusion appear to provide a safe, effective standalone  treatment 

for basilar invagination associated with Chiari malformations in children”





Gaslini CM1 series

556 CM1
297 surgery

7 patients (2,3 %) underwent occipito cervical fixation
( everyone had a cvj malformation , see basilar invagination, 

ossiculo terminalis,Hypoplasia of odontoid components )

1 patient developed postoperative Kyphosis completely resolved
with orthosis

Finally in our experience a very low number of cases needed
occiput cervical arthrodesis



CM 1fixation

• 6 patients decompression+ fixation at the same time

• 1patients  with basilar impression only occipito-cervical
arthrodesis without decompression

• In 6 cases an occipital plate was employed, in 1 case  an 
occipital hooks

• In 4 children we used hooks for the cervical spine in 2 
patients screws in the lateral mass, in 1 translaminar
screws in  C2

• Mean age at surgery 8 Years ( range 7-11 years)

• FU : range 1-8 years

• No clinical complications

• No dislocation of instrumentation



Type of Fixation



OCCIPUT: Occipital plate/hooks

Occipital condyle screw(unusual)

C1:  Hooks

Lateral Mass Screw

C2: Hooks

Lateral mass screw,

pedicle screw,

pars screw,

interlaminar screw

C1-C2:Transarticular screw (Magerle technique)

Subaxial cervical spine:lateral mass screw

Pedicle screw



C0 / Occiput

Occipital 

plate



C0 / Occiput

Occipital and 

cervical hooks



C1 / Atlas

C1 lateral mass 

screw



C1 / Atlas

C1 posterior 

wiring



C2 / Axis











“The surgical management of craniovertebral junction instability in 
pediatric patients has unique challenges” 

(A.H. Menezes)

«Indications for internal fixation in children are similar to those of adults

Diminutive osseous and ligamentous structures and anatomical variations
associated with syndromic craniovertebral abnormalities frequently complicate 

the approach and limit the use of internal fixation in children

Preoperative planning is important to evaluate the size of the instrumentation
and its relation to the patient’s anatomy «

Importante Valutazione dei soggetti a rischio di instabilita’anche se 
l’impatto sulla storia naturale della malformazione  è percentualmente 

basso, quantomeno nella nostra esperienza

Passo dello Stelvio



M.Pacetti
A.Consales

M.Pavanello F.Secci

Thank you!

M.Cataldi

F.Canavese
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