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Is Chiari malformation nature’s protective “air-bag”?
Is its presence diagnostic of atlantoaxial instability?
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Several authors have evaluated the subject of
Chiari malformation since its first description by Cleland
in 1883.") A number of hypothesis and speculations
have been proposed as to the cause and effects of Chiari
malformation.”” A congenital anomaly is generally agreed
to be the cause. Smaller posterior fossa volume that in unable
to contain the cerebellar mass that herniates into the spinal
canal has been the most accepted pathogenic phenomenon.
Structural defects caused by genetic mutations, or lack of
proper vitamins or nutrients in the maternal diet are also
considered to be the probable cause. The cerebellar tonsils
herniate into the spinal canal through the foramen magnum
and appear to cause compression of the critical neural

structures.

Frequently, the precise pathogenesis of Chiari malformation
is unclear or not recognized. In some of such cases, Chiari
malformation is associated with bone malformation and basilar
invagination. In cases where no definite cause is identified or
when there are associated bone anomalies, Chiari malformation
is generally considered to be a component of the entire complex
and a congenital anomaly. Basilar invagination is a frequent
bony accompaniment and syringomyelia is a frequent soft
tissue association. Associated syringomyelia is also considered
to be a result of an error in embryogenesis. Syrinx formation
is frequently implicated to blockage of the cerebrospinal fluid
flow pathways at the level of foramen magnum by the herniated
tonsils.
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Chiari malformation is rarely associated with tumors in the
posterior cranial fossa,”’ hydrocephalus and meningomyelocele.
It does seem that Chiari malformation is always secondary to
an obvious or an unidentified pathology. Identification and
treatment of the primary pathological cause rather than direct
manipulation of the tonsils appears to be the solution.

We have evaluated the subject of craniovertebral junction
for over 30 years.*') During our study, we identified that
atlantoaxial instability forms the primary point of instability at
the craniovertebral junction.[*'?! Atlantoaxial joint is the center
for movements, and occipitoatlantal joint is the center for
stability of the most mobile and most stable joint-complex of
the body at craniovertebral junction. The atlantoaxial joint is not
only the center for mobility but is also a center of instability.

Atlantoaxial dislocation in cases with basilar invagination
was considered to be irreducible or fixed until not long ago.
Such an understanding resulted in treatment protocol that
essentially focused on decompression of compressing bone
elements either from anterior route by transoral surgery
or by posterior route by foramen magnum bone and dural
decompressive surgery. The identification that despite the fact
that dynamic imaging does not reveal mobility of atlantoaxial
instability, the atlantoaxial joint in such cases is abnormally or
pathologically mobile and is potentially reducible by manual
manipulations has revolutionized the treatment paradigm for
such clinical anomalies.l'"”) The current treatment strategy for
hitherto considered irreducible or fixed atlantoaxial dislocation
is essentially focused on craniovertebral realignment and
atlantoaxial stabilization.!?!

Atlantoaxial dislocation or instability has been essentially
radiologically assessed and confirmed by the distancing of the
odontoid process from the anterior arch of atlas. Our recent
study on the subject has revealed that atlantoaxial instability
can be present even when atlantodental interval is within the
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range of normalcy. We re-classified atlantoaxial dislocation and
basilar invagination on the basis of facetal alignment into three
types.'#13! Type A atlantoaxial facetal dislocation was when the
facet of atlas was dislocated anterior to the facet of axis. Such a
form of dislocation results in superior and posterior migration
of the odontoid process and results in atlantoaxial dislocation
and basilar invagination. There is an increase in atlantodental
interval, and the odontoid process migrates posteriorly
into the spinal canal. The process results in compression or
compromise of the neural structures. Due to the early effects
on the neural structures and the resultant neural deficits the
clinical manifestations are rather acute or subacute in nature.
In the lateral profile, the atlantoaxial facetal dislocation in such
cases simulates lumbosacral listhesis.'! In the acute form such
instability results in atlantoaxial dislocation and in the more
subacute or chronic form, it results in atlantoaxial dislocation
and basilar invagination.

Type B facetal dislocation is when the facet of atlas is dislocated
posterior to the facet of axis. In such a form of instability,
the odontoid process does not migrate posteriorly into the
spinal canal, and the atlantodental interval is not significantly
increased or altered. Type C facetal dislocation is when there is
no radiological misalignment of the facets and the instability
is identified only on the basis of clinical understanding and
intraoperative observations. The instability in such cases was
labeled as central or axial. As the neural compromise is not
significant or early in both Types B and Type C dislocation, the

clinical manifestations are rather chronic in nature.[''?]

In acute and chronic or longstanding atlantoaxial instability
the natural defenses of the body seem to play a defining role
to protect the neural structures from damage by the bones.
In an acute state, there is a spasm of the neck muscles that
restrict the movements. The muscles of the nape of the neck
are under the spasm and restrict neck flexion movements that
can be disastrous for neural structures. In the more chronic
states that span over several years, the restriction of the neck
movements become more fixed. In such cases, hyperextension
of the neck is more easily possible, and flexion of the neck is
restricted. Over the period, such chronic neck spasm results in
shortening of the neck and wherever the potential or manifest
compression is relatively unilateral it results in torticollis.
Shortening of the neck is affected by reduction in the disc
spaces rather than the reduction in height of the vertebral
bodies. The reduction in the disc spaces frequently results in
secondary osteophyte formation and radiological features of
“spondylosis.” Bone fusions and “Klippel Feil abnormalities”
can be a result of such neck shortening. The bone fusions are
more frequent at the craniovertebral junction and assimilation
of the atlas and C2-3 bone fusions are relatively common
forms of bone fusion. The frequently observed alteration in
the cranial bones is platybasia and an overall reduction in the

posterior cranial fossa volume.!®!”!

Chiari malformation and herniation of the cerebellar tonsils
into the foramen magnum appears to the natural protective
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phenomenon in the face of atlantoaxial instability."® Chiari
malformation appears to be Nature’s air-bag phenomenon and
the tonsils migrate into the spinal canal and are designed and
positioned to prevent pinching of critical neural structures
between bones. Syringomyelia is formed in an effort to
neutralize cranial and spinal pressure and to support the bulk of
Chiari malformation.!"” The very fact that there is a frequently
observed atrophy of the cerebellar substance that is more
prominent of the superior vermis suggests that an increased
bulk of cerebellum in a smaller posterior cranial fossa may not
be the cause of cerebellar herniation.'*°) On the other hand,
herniation of the tonsils in the spinal canal is a supremely
designed and magically executed ‘divine’ phenomenon, an act of
the Nature that is all protective and in no way pathological.

The very fact that atlantoaxial stabilization results in a reversal
of most secondary alterations validates the hypothesis.'”’
Increase in the neck size and torticollis and reversal of several
other musculoskeletal changes including a reduction in the size
of syrinx and reverse migration of the cerebellar tonsils occurs
in the immediate or early postoperative phase.!'*! We speculated
that with the increase in length of the neck that is affected by
an increase in the disc space height, there can be regression
of the osteophytes, and there can even be potential reversal of
bone fusions.'®! The return to normal of a number of so-called
pathological entities by the atlantoaxial fixation and without
direct manipulation suggests that the theory of embryological
dysgenesis needs to be re-assessed.

Improvement of clinical symptoms following posterior fossa
foramen magnum decompression simulates deflating of air-bag
following a disaster.l’! However, such an operation has been
frequently associated with recurrence of symptoms after a
period. Presence of Chiari malformation can focus the attention
of the clinician toward atlantoaxial instability. Treatment of the
instability is the solution, and direct manipulation of tonsils or
bone and dural decompression may be counter-productive.!'*!
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