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Abstract

The craniocervical junction is the most complex area of
the spinal axis. Due to its complexity it is extremely vul-
nerable to injuries to the soft tissue stabilizing liga-
ments and membranous structures. Proper imaging in
this area is an essential key to proper diagnosis direct-
ing towards the most appropriate and safe treatment
options when injury occurs. Misalignments of Co—C;,
C;-C; brought on by head or neck trauma can manifest
in different outcomes. Some of those outcomes can af-
fect or cause neural compromise, and/or some may
contribute to cerebrospinal fluid (CSF) flow obstruction
as well as arteriovenous compromise. C; misalignment
may also contribute to distention of the cerebellar ton-
sils (cerebellar tonsillar ectopia), i.e. down through the
foramen magnum due to caudal tension by way of den-
tate ligament pathological stress on the spinal cord
leading to obstruction of the normal flow of CSF. Me-

chanical compression of the jugular vein by the trans-
verse process of C; has been found to lead to obstruc-
tion of outgoing venous blood flow. Such obstruction
has been found in chronic cerebral spinal venous insuf-
ficiency which has been observed in neurodegenera-
tive brain diseases such as multiple sclerosis. Image-
Guided Atlas Treatment™ (IGAT™) has been shown to
be a method of gentle correction of misalignment of
Co—-Cy, C4-C,, resulting in improved CSF flow as well as
venous outflow. Image-guided atlas treatment utilizes
advanced dynamic upright MRI as the means of evalu-
ating misalignments at the craniocervical junction, and
theimages obtained are used to calculate the appropri-
ate alignment vectors to correct the misalignment.
Post-correction advanced upright MRl images are then
used to validate the appropriate realignment of Co—-C;,
C;-C, to establish improvement in proper CSF as well

as arteriovenous flow. ©2015 S. Karger AG, Basel
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Understanding the anatomy and physiology of
the craniocervical junction (CCJ) is essential in
order to properly assess and correlate injuries to
symptoms. The ability of the clinician to gather
an accurate history of any traumatic event helps
to determine the plausible insulting force vector
in order to understand where forces and or stress
might have led to the ‘craniocervical syndrome’.
It is important to correlate the patient’s symp-
tomatic picture to structures at the CCJ that might
be eliciting their symptoms. The traditional inter-
vertebral disc on cord or disc on exiting nerve
root does not occur at the CCJ as there are no
discs between Cy-C; and C;-C,. Looking for pa-
thology that could radiate in or out from the CCJ
must be correlated to the structures involved.

Anatomy/Physiology of the CCJ

It is important to consider that the central ner-
vous system is encased in bone. While the litera-
ture describes our present understanding of the
anatomy of the brain and spinal cord, the orienta-
tion of the spinal structures and the impact they
have on central nervous system function is not as
well understood [1, 2].

The location of the foramen magnum in rela-
tion to the center of mass of the skull as well as the
shape, size and orientation of the skull and occip-
ital condyles all impact on the weight-bearing
characteristics of the cervical spine. The size,
height and angle of the odontoid process and facet
joints at each level of the spine have an impact on
the contour of the cervical spine region and will
affect the total size and shape of the lordotic curve.

The skull balances upon the atlas, with the oc-
cipital condyles resting on the superior facets.
The atlas is attached to the axis, with the poste-
rior surface of the anterior arch of the atlas being
held to the facet on the anterior surface of the
dens. The transverse cruciate ligament holds the
atlas in place, allowing rotation while limiting
anterior translational displacement of the atlas.

Observations at the CCJ

The atlas also attaches to the axis with inferior
facets resting on the superior facets of the axis.
The absence of a vertebral body of the atlas and
the large odontoid process of the axis make the
two vertebrae of the CCJ unique.

The occiput/atlas/axis complex (CC]J) is stabi-
lized by the following ligamentous and membra-
nous structures. The alar ligaments usually at-
tach the medial occipital condyles to the odon-
toid process. In a small percentage of cases, the
alar ligaments attach to the anterior arch of the
atlas. The apical ligament, tectorial membrane,
anterior atlanto-occipital and atlantoaxial mem-
branes stabilize the anterior structures of the
CC]J. These structures, along with the posterior
atlanto-occipital and atlantoaxial membranes,
stabilize the flexion and extension of the occiput
on atlas and the atlas on axis [3].

The vertebral arteries pass through the foram-
ina of the transverse processes of the atlas. They
make a 90° turn through the transverse foramina
of C;, and wrap around the posterior border of the
lateral masses of C;, making another 90° turn up
into and through the foramen magnum to conjoin
to become the basilar artery. The jugular veins
pass just anterior to these transverse processes.
The spinal cord passes through the neural canal of
the atlas and axis as it traverses down the spinal
canal. The role of the denticulate ligaments is to
keep the cord centered in the neural canal and pre-
vent the movements of the spine (flexion, exten-
sion, lateral flexion, etc.) from causing stress or
tension on the cranial elements, and further to
prevent the cord from impacting upon the anterior
and posterior portion of the bony spinal canal [4].

Together, the shape and size of each of these
CC]J structures contribute to the overall function
and stability of the spine. When the balance of
these structures is disturbed by trauma, there can
be significant impairment as a result [5]. Abnor-
mal tension on the cord can be caused by loss of
the cervical lordosis or other misalignments of
the spine. Tension on the cord can cause a caudal
migration of the cerebellar tonsils known as cer-
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Complete disruption of
the tectorial membrane

Normal tectorial
membrane

Fig. 1. Disruption of the tectorial membrane.
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Normal relationship of basion
to tip of the odontoid

Posterior displacement
of the dens contributing
to canal stenosis

Fig. 2. Posterior migration of the dens.
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Fig. 3. Increased paraodontoid interspace.

ebellar tonsillar ectopia (CTE) [6]. Due to the
gravitational effect of weight bearing, CTE is ob-
served more frequently in upright MRI than in
recumbent MRI [7]. In the recumbent position,
the foramen magnum is oriented vertically and
the cerebellum will have a gravitational force di-
recting it away from the foramen magnum to-
ward the posterior occiput. Since the upright
MRI permits imaging of the CCJ in weight bear-
ing in the same way stress radiography and vid-
eofluoroscopy or motion X-ray does, the effect of
gravity allows visualization of the structural mis-
alignment under the load of the skull mass [8, 9].

Abnormal flow of cerebrospinal fluid (CSF)
can occur as a result of the cerebellar tonsils ob-
structing the foramen magnum, preventing CSF
from properly circulating through and around the
brain and down the spinal column to bring nutri-
ents in and remove metabolic wastes from both
the brain and spinal cord. Traumatic disturbance
of spinal alignment can also impose abnormal
tension on the vasculature, causing stretching or
compression resulting in impaired arterial and/or
venous flow. Abnormal loading can cause disrup-

Observations at the CCJ
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Significant
misalignment of C;

Fig. 4. Atlas/axis rotation on the x-axis.

tion of the other soft tissue, such as the facet cap-
sular ligaments, which are capable of triggering
nociceptive and proprioceptive disturbances in
the ligaments and joint capsules, causing pain.
These injuries have been found fairly often in pa-
tients with head/neck trauma, especially those in-
volved in motor vehicle accidents.

Accident history provides important informa-
tion about the force vector as well as significant
risk factors which may result in more complicat-
ed injury. Risk factors in motor vehicle accidents
would include: having the head turned during
impact [10], rear-end impact, head restraint ge-
ometry, the relative size of vehicles in a collision,
air bag deployment, preexisting spinal degenera-
tion, awareness before impact and seat damage
from impact [11], to name but a few.

Misalignments of the CCJ
Misalignments at the CCJ are a fairly common

finding observed on plain film X-rays. The atlas
can misalign in a 3D plane, including lateral dis-
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High-grade alar ligament lesion,
increased paraodontoid space with
severe rotatory misalignment of C;
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Fig. 5. a, b Atlas/axis rotation on the y-axis.

placement up and around the occipital condyle as
well as rotational misalignment. Coupled with C,
misalignments, especially counter rotation of C;-
C,, this constitutes a problem as many physicians
have not been trained to look for these pathogno-
monic findings. While fractures, listhesis and pa-
thology such as tumors are consistently diag-
nosed, numerous conditions emanating from the
CCJ are of clinical importance. While not as well
understood, injuries at the CCJ can manifest in
symptoms that are directly driven by soft tissue
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structures such as ligaments and membranous
structures, which have nociceptive capabilities. It
is essential that the practitioner understands that
the CCJ is an area that is at increased risk of in-
jury and instability due to its high degree of mo-
bility. Careful observations with advanced imag-
ing techniques demonstrate these misalignments
on upright MRI. These misalignments can influ-
ence numerous pathophysiological conditions,
including nerve compression, vascular compro-
mise (vertebral artery insufficiency), as well as al-
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Multiple MS lesions
noted in the cervical
cord region
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Fig. 6. a, b Spinal cord distortion.
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Fig. 7. Anterior/posterior translation
of CQ/C1.

tering the normal flow of spinal fluid in and out
of the cranial vault. Misalignments at the CCJ of
C;-C; have also been implicated in the potential
compression of the exiting jugular veins, which
has been discussed in the literature. The effects of
these misalignments can manifest in numerous
ways. In some patients, CC] misalignments can
cause headaches, neck pain (skull base pain), nau-

Observations at the CCJ

sea, dizziness, tinnitus and facial pain, to name
but a few. Chronic misalignment can result in
morphologic changes in the spinal musculature
[12].

Fatty infiltration of the rectus capitis minor
muscle has been observed in patients with chron-
ic whiplash. Misalignment (Cy-C,;, C;-C,) at the
CCJ can also influence and have an effect on the
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Fig. 8. Low cerebellar tonsils. Sagittal imaging alone is insufficient to assess CTE. Sequential coro-
nal slices demonstrate a low-lying cerebellar tonsil on the left.
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Low-lying
cerebellar tonsils
bilaterally
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Low-lying
cerebellar tonsils
bilaterally

Fig. 9. Sagittal sequence denoting normal tonsillar position (a, b), whereas both coronal and axial images demonstrate
significant CTE (c, d). Coronal and axial images are more sensitive and specific to identifying CTE and should be in-
cluded in any imaging study of the craniocervical junction.
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Fig. 10. a, b The alar ligaments.
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High-grade lesions of the transverse
ligament bilaterally
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transverse ligament

b

Fig.11.a, b The transverse ligaments.
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#9 Fixed adynamic C;—C,
- position pre-IGAT
correction

Loss of cervical
lordosis/forward head
posture, significant
anteriolisthesis at C3-Cy4
pre-1GAT correction

© Dr. Scott Rosa (2011) IGAT™

Normal position of C;
relative to C; spinous
Restoration of post-IGAT correction
cervical lordosis
with reduction of
listhesis at C3—-C4
post-IGAT
correction

© Dr. Scott Rosa (2011) IGAT™

© Dr. Scott Rosa (2011) IGAT™

Fig. 12. Case 1: pre-IGAT correction (a); post-IGAT correction (b); corrected C;-C; relationship (c).

cerebellar tonsillar position (due to the attach-
ment of the dentate ligaments), which may impair
or obstruct the normal flow of CSF. CSF obstruc-
tion may contribute to intracranial pressure (nor-
mal pressure hydrocephalus) and further mani-
fest in more progressive symptoms and/or condi-
tions. Altered CSF flow has been implicated in
neurodegenerative brain diseases in the literature
of late, including multiple sclerosis, Parkinson’s
disease and dementia, etc.

Observations at the CCJ

It has been postulated that misalignments of
C,-C,; can contribute to cord distortion via the
dentate ligaments. They can produce direct neu-
rological insult via direct mechanical irritation,
and indirectly via vascular compromise of the
cervical cord. It has been further discussed that
cord stress may produce venous occlusion with
stasis of blood and resulting anoxia in particular
areas of the upper cervical cord.
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Fig. 13. Case 2: malrotation of C; in relation to C, pre-IGAT correction (a); substantial reduction in
misalignment of C; in relation to C, post-IGAT correction (b).

Vertebral Artery Insufficiency

Misalignments of the CCJ have been shown to con-
tribute to vertebral artery insufficiency. Vertebro-
basilar insufficiency or vertebral basilar ischemia
refers to temporary symptoms due to decreased
blood flow in the posterior circulation of the brain.
This may manifest as dizziness, but in more severe
cases may manifest as weakness of the quadriceps
muscles, causing a buckling of the knees where the
legs give out in what is referred to as a ‘drop attack’.
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Cerebellar Tonsillar Ectopia

Misalignments of the CCJ have been found to in-
fluence the proper flow of CSF. Caudally dis-
placed cerebellar tonsils may be due to a congen-
ital malformation or may be acquired and have
been observed with significant frequency in the
whiplash injury population. Previously asymp-
tomatic CTE due to congenital malformation
(Chiari) may become symptomatic after head
trauma [13]. Migration of the cerebellar tonsils

Rosa - Baird

Smith FW, Dworkin JS (eds): The Craniocervical Syndrome and MRI. Basel, Karger, 2015, pp 48-66

DOI: 10.1159/000365470

Downloaded by: R. Scott - 282458

184.75.122.173 - 4/2/2015 10:05:05 PM



Pooling of CSF in frontal lobe region
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Pooling abated

© Dr. Scott Rosa (2011) IGAT™

Fig. 14. Case 3: pre-IGAT C, correction (a); post-IGAT C; correction (b); ¢ Pre-IGAT (left) and post-IGAT (right) C; correc-

tion.

may result in aberrant flow of CSF, which is ob-
servable on CSF flow studies [14-16]. Spinal cord
tethering appears to be a plausible contributor of
acquired CTE in cases where the C,;-C, misalign-
ment is corrected and improvement in CSF flow
has been demonstrated.

Observations at the CCJ

The dentate ligaments attach to the dural cov-
ering, affecting the behavior of the spinal cord tis-
sue as forces generated in the dura are transmitted
to the spinal cord tissue. When the dura is pulled
taut with increasing canal length, tension is trans-
mitted from the dentate ligaments to the cord.
Tension in the dentate ligaments stabilizes the
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Pre-IGAT C, correction

Pre-IGAT C, correction

Fig. 15. a, b Case 4: sclerotic lesions
in a patient diagnosed with multiple
sclerosis which have abated after
IGAT C, correction.

cord in the canal, but it can also have a tethering
oroverstretching effect on the cord. In cases where
dentate ligament tension on the cord persists,
morphological changes in the spinal cord tissue,
such as the plaques seen in multiple sclerosis, may
occur [17].

60

Post-IGAT C; correction

© Dr. Scott Rosa (2011) IGAT™

Post-IGAT C; correction

© Dr. Scott Rosa (2011) IGAT™

Diagnostic Imaging

Imaging of the CCJ has its limitations. Present-
ly, the ability to properly image the CCJ in a 3D
plane has been somewhat limited. Proper imag-
ing of patients involved in a trauma is needed to
rule out catastrophic injury (fracture, disloca-
tion, loss of consciousness or possible internal
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Pre-IGAT C, correction

Post-IGAT C, correction

Pre-IGAT C, correction

-

Rosa (2011) IGAT™

Fig. 15. Case 4: sclerotic lesions in
a patient diagnosed with multiple
sclerosis which have abated after
IGAT C; correction (c). Mechanical
compression of the jugular vein by
the C; transverse process which im-
proved after IGAT C, correction (d).

bleeding), but all too often the soft tissue struc-
tures inherently capable of manifesting in pain
are overlooked [18]. The importance of un-
derstanding the nociceptive capabilities which
these structures possess should not be underes-
timated.

Familiarity with all the soft tissue structures
of the CCJ (ligaments/membranous structures

Observations at the CCJ

S
B

/

Mechanical g

of'the jugufa™ein by C;
transverse process

Improved jugular outflow

and proper alignment) enables the assessor to
identify plausible red flag signs that correlate
with the patient’s complaints. These red flag
signs are illustrated in figures 1-9, and also in-
clude kyphotic angulation [19], paradoxical in-
terspinous fanning [20] and listhesis on flexion/
extension [21].
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Bilateral mechanical
compression of the jugular vein
by the transverse process of C;

© Dr. Scott Rosa (2015)

Bilateral mechanical
compression of the jugular vein
by the transverse process of C;

y.

Fig. 16. Case 5: extravascular com-
pression has been associated with
chronic venous insufficiency and
multiple sclerosis. The primary cause
is mechanical compression by the C;
transverse process [32]. a, b Bilateral
mechanical compression of the jug-
ular veins by the C; transverse pro-
cess.

Pain Generators

Nociceptive structures at the CCJ have a fairly com-
mon pathway. Most of the pain receptors are medi-
ated by the trigeminocervical nucleus, and are initi-
ated by noxious stimulation of the endings of the
nerves that synapse on this nucleus, by irritation of
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the nerves themselves or by disinhibition of the nu-
cleus. Trigeminal nerve afferents will descend to
the level of C; and perhaps as low as C, [22].

Important structures innervated by C,-C; in-
clude the vertebral arteries, the carotid arteries, the
alar ligaments (fig. 10a, b) and the transverse liga-
ments (fig. 11a, b).
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Fig. 17. a-c Case 6: displacement of the brain stem and
spinal cord associated with C; misalignment. This type of
displacement causes the cerebellar tonsils to distend
down into the foramen magnum and is a cause of ac-
quired CTE.

Spinal Pain

The atlanto-occipital, atlantoaxial and C,/C; joint
capsules may generate pain into the upper neck
and also have the potential to cause headaches.
Each joint has a unique pain referral pattern [23].
The myodural bridge attaching suboccipital mus-
cles to the dura mater can be a cause of occipital
headaches [24].

The dura is attached to the transverse liga-
ment of the atlas and to the posterior longitudi-
nal ligament, dorsally to the periosteum of the
occipital squama and arches of the atlas and
axis, and laterally to the atlanto-occipital and at-
lantoaxial articulations. The dura has nocicep-

Observations at the CCJ

© Dr.Scott Rosa (2015)

© Dr. Scott Rosa (2015)

Significant
rotation of C;

TR

tive capabilities as well, and as such needs to be
viewed on sagittal imaging data sets, especially
as it courses posteriorly down and through the
foramen magnum between Cy and C;. Dural in-
foldings on sagittal MRI at the CCJ have been
identified in patients with flexion extension in-
juries and can be a source of headache and sub-
occipital pain.

Image-Guided Atlas Treatment
Image-Guided Atlas Treatment™ (IGAT™) uti-

lizes dynamic upright MRI to permit the proper
visualization of the CCJ misalignments. This en-
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Pre-IGAT C, correction

Pre-IGAT C, correction

4 Obstructed ]
; CSF flow

Fig. 17. d, e Case 6: CTE which is
improved with IGAT C; correction.
e Obstructed CSF flow which is im-
proved with IGAT C; correction.

ables the ability to analyze and correct the mis-
alignments in a nonmanipulative, gentle and safe
manner. The correction is performed utilizing the
‘atlas orthogonal percussion instrument’. This pat-
ented method of correction has been researched,
developed and administered by Dr. Scott Rosa. It
is based on a ‘trauma injury protocol’, or TIP,
which uses advanced imaging methods for patients
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Post-IGAT C, correction

Improvement
in CTE

© Dr. Scott Rosa (2011) IGAT™

Post-IGAT C, correction

© Dr. Scott Rosa (2011) IGAT™

with mild, moderate and severe neck injury caused
by various assaults to the spine. These include, but
are not limited to, motor vehicle accidents, falls,
sports and work-related industrial accidents. Inju-
ries to the neck, or cervical region, are very impor-
tant since there is a potential risk of insult to the
spinal cord. Any neck injury can have devastating
as well as life-threatening consequences [25].
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The cervical spine is a complex mechanism
from a mechanical and structural point of view,
acting as a tension-compression structure.
Therefore, cervical spinal injuries are a potential
threat to the spinal cord and must be treated
with respect and caution. Cervical spinal inju-
ries are often caused by impacts going beyond
the physical threshold of ligaments and bone in
the area, resulting in direct physical trauma.
Spinal injuries, whether due to trauma, degen-
erative changes or disease, are extremely impor-
tant to diagnose, treat and rehabilitate in the
most precise and conservative manner possible.
A series of three IGAT cases are presented in fig-
ures 12-17.

Discussion

Dynamic upright MRI is an invaluable tool to as-
sess the CCJ. The imaging of this area must include
sagittal, coronal and axial views for proper assess-
ment. The treating physician should be cognizant
of injury/disruptions in the stabilizing soft tissues
of the area. It is no longer acceptable to just have a
sagittal imaging sequence and then do axial images
from the C, disc down. With the literature being
replete with information discussing the myriad of
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