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Welcome to the third edition of Diagnostic Imaging: Spine. Five years have
passed since the second edition, and eleven years have flown by since the
first edition was published. This edition is a refresh with new images, new
diagnoses, and updated text and references. The same excellent Amirsys
formatting is present, with individual diagnoses capable of standing alone but
with a logical integration within the larger sections. The Key Facts box retains
its visual prominence at the beginning of each diagnosis, allowing for a quick
scan of the most important bullet points when time is short (and when is it
not?). The text format remains in the hallmark Amirsys bulleted form that
allows a large amount of important information to be displayed in an easy-to-
use and inviting layout. Prose text chapters are included for the introduction
to major sections, which are color coded, and the use of tables allows quick
scanning for important data and measurements.

Our coauthors and the staff at Amirsys/Elsevier have been amazing to work
with, and we have been very fortunate to be able to interact with and learn
from such a fantastic team. We hope you find this edition useful not only as a
reference, but also as an integral assistant in your daily practice.
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Normal Anatomy

Imaging Anatomy

There are 33 spinal vertebrae, which comprise two
components: A cylindrical ventral bone mass, which is the
vertebral body, and the dorsal arch.

7 cervical, 12 thoracic, 5 lumbar bodies
e 5 fused elements form the sacrum
e 4-5irregular ossicles form the coccyx

Arch

e 2 pedicles, 2 laminae, 7 processes (1 spinous, 4 articular,
2 transverse)

e Pedicles attach to the dorsolateral aspect of the body

e Pedicles unite with a pair of arched flat laminae

e |amina capped by dorsal projection called the spinous
process

e Transverse processes arise from the sides of the arches

The two articular processes (zygapophyses) are diarthrodial
joints.
e (1) Superior process bearing a facet with the surface
directed dorsally
e (2) Inferior process bearing a facet with the surface
directed ventrally

Pars interarticularis is the part of the arch that lies between
the superior and inferior articular facets of all subatlantal
movable elements. The pars are positioned to receive
biomechanical stresses of translational forces displacing
superior facets ventrally, whereas inferior facets remain
attached to dorsal arch (spondylolysis). C2 exhibits a unique
anterior relation between the superior facet and the
posteriorly placed inferior facet. This relationship leads to an
elongated C2 pars interarticularis, which is the site of the
hangman's fracture.

Cervical

The cervical bodies are small and thin relative to the size of the
arch and foramen, with the transverse diameter greater than
the AP diameter. The lateral edges of the superior surface of
the body are turned upward into the uncinate processes. The
transverse foramen perforates the transverse processes. The
vertebra artery resides within the transverse foramen, most
commonly starting at the C6 level.

C1 has no body and forms a circular bony mass. The superior
facets of C1 are large ovals that face upwards and the inferior
facets are circular in shape. Large transverse processes are
present on C1 with fused anterior and posterior tubercles.

The C2 complex consists of the axis body with dens/odontoid
process. The odontoid embryologically arises from the
centrum of the first cervical vertebrae.

The C7 vertebral body shows a transitional morphology with a
prominent spinous process.

Thoracic
e Thoracic bodies are heart-shaped and increase in size
from superior to inferior
e Facets are present for rib articulation and the laminae
are broad and thick
e Spinous processes are long, directed obliquely caudally
Superior facets are thin and directed posteriorly
e The T1 vertebral body shows a complete facet for the
capitulum of the first rib, and an inferior demifacet for
capitulum of second rib

e The T12 body has transitional anatomy, and resembles
the upper lumbar bodies with the inferior facet directed
more laterally

Lumbar

The lumbar vertebral bodies are large, wide and thick, and lack
a transverse foramen or costal articular facets. The pedicles
are strong and directed posteriorly. The superior articular
processes are directed dorsomedially and almost face each
other. The inferior articular processes are directed anteriorly
and laterally.

Joints

Synarthrosis is an immovable joint of cartilage, and occurs
during development and in the first decade of life. The
neurocentral joint occurs at the union point of two centers of
ossification for two halves of the vertebral arch and centrum.

Diarthrosis is a true synovial joint that occurs in the articular
processes, costovertebral joints, and atlantoaxial and sacroiliac
articulations. The pivot-type joint occurs at the median
atlantoaxial articulation. All others are gliding joints.

Amphiarthroses are nonsynovial, movable connective tissue
joints. Symphysis is a fibrocartilage fusion between two
bones, as in the intervertebral disc. Syndesmosis is a
ligamentous connection common in the spine, such as the
paired ligamenta flava, intertransverse ligaments, and
interspinous ligaments. An unpaired syndesmosis is present in
the supraspinous ligament.

Atlantooccipital articulation is composed of a diarthrosis
between the lateral mass of atlas and occipital condyles and
the syndesmoses of the atlantooccipital membranes. Anterior
AO membrane is the extension of the ALL. The posterior AO
membrane is homologous to the ligamenta flava.

Atlantoaxial articulation is a pivot joint. The transverse
ligament maintains the relationship of the odontoid to the
anterior arch of atlas. Synovial cavities are present between
the transverse ligament/odontoid and the atlas/odontoid
junctions.

Disc

The intervertebral disc is composed of three parts: The
cartilaginous endplate, the anulus fibrosis, and the nucleus
pulposus. The height of the lumbar disc space generally
increases as one progresses caudally. The anulus consists of
concentrically oriented collagenous fibers which serve to
contain the central nucleus pulposus. These fibers insert into
the vertebral cortex via Sharpey fibers and also attach to the
anterior and posterior longitudinal ligaments. Type | collagen
predominates at periphery of anulus, while type Il collagen
predominates in the inner anulus. The normal contour of the
posterior aspect of the anulus is dependent upon the contour
of its adjacent endplate. Typically, this is slightly concave in the
axial plane; although, commonly at L4-L5 and L5-S1 these
posterior margins will be flat or even convex. A convex shape
on the axial images alone should not be interpreted as
degenerative bulging.

The nucleus pulposus is a remnant of the embryonal
notochord and consists of a well-hydrated, noncompressible
proteoglycan matrix with scattered chondrocytes.
Proteoglycans form a major macromolecular component,
including chondroitin 6-sulfate, keratan sulfate, and hyaluronic
acid. Proteoglycans consist of protein core with multiple
attached glycosaminoglycan chains. The nucleus occupies an



Normal Anatomy

eccentric position within the confines of anulus and is more
dorsal with respect to the center of the vertebral body. At
birth, approximately 85-90% of the nucleus is water. This
water content gradually decreases with advancing age. Within
the nucleus pulposus on T2-weighted sagittal images, there is
often a linear hypointensity coursing in an anteroposterior
direction, the intranuclear cleft. This region of more
prominent fibrous tissue should not be interpreted as
intradiscal air or calcification.

Anterior Longitudinal Ligament (ALL)

The ALL runs along the ventral surface of the spine from the
skull to the sacrum. The ALL is narrowest in the cervical spine
and is firmly attached at the ends of each vertebral body. It is
loosely attached at the midsection of the disc.

Posterior Longitudinal Ligament (PLL)

The PLL runs on the dorsal surface of bodies from the skull to
the sacrum. The PLL has a segmental denticulate
configuration and is wider at the disc space, but narrows and
becomes thicker at the vertebral body level.

Craniocervical Ligaments

The craniocervical ligaments are located anteriorly to spinal
cord and occur in three layers: Anterior, middle, and posterior.
Anterior ligaments consist of the odontoid ligaments (apical
and alar). The apical ligament is a small fibrous band extending
from dens tip to basion. Alar ligaments are thick, horizontally
directed ligaments extending from the lateral surface of dens
tip to anteromedial occipital condyles. The middle layer
consists of the cruciate ligament. The transverse ligament is a
strong horizontal component of the cruciate ligament
extending from behind the dens to the medial aspect of C1
lateral masses. The craniocaudal component consists of a
fibrous band running from the transverse ligament superiorly
to the foramen magnum and inferiorly to C2. Posteriorly, the
tectorial membrane is the continuation of PLL and attaches to
anterior rim of the foramen magnum.

Vertebral Artery

The vertebral artery arises as the first branch of the subclavian
artery on both sides. The vertebral artery travels cephalad
within the foramen transversarium (transverse foramen)
within the transverse processes. The first segment of the
vertebral artery extends from its origin to the entrance into
the foramen of the transverse process of the cervical
vertebrae, usually the 6th. The most common variation is the
origin of the left vertebral from the arch, between the left
common carotid and the left subclavian arteries (2-6%). The
vertebral artery in these variant cases almost always enters
the foramen of the transverse process of C5. The second
segment runs within the transverse foramen to the C2 level.
Nerve roots pass posterior to the vertebral artery. The third
segment starts at the C2 level where the artery loops and
turns lateral to ascend in the C1 transverse foramen. It then
turns medial crossing on top of C1in a groove. The fourth
segment starts where the artery perforates the dura and
arachnoid at lateral edge of posterior occipitoatlantal
membrane, coursing ventrally on the medulla to join with the
other vertebral to make the basilar artery.

Vertebral Column Blood Supply

Paired segmental arteries (intercostals, lumbar arteries) arise
from the aorta and extend dorsolaterally around the middle
of the vertebral body. Near the transverse process the

segmental artery divides into lateral and dorsal branches. The
lateral branch supplies dorsal musculature and the dorsal
branch passes lateral to the foramen, giving off branch(es) and
providing major vascular supply to bone and vertebral canal
contents. The posterior central branch supplies disc and
vertebral body, while the prelaminal branch supplies the inner
surface of the arch, ligamenta flava, and regional epidural
tissue. The neural branch entering the neural foramen
supplies pia, arachnoid, and cord. The postlaminar branch
supplies musculature overlying lamina and branches to bone.

Nerves
e Spinal nerves are arranged in 31 pairs and grouped
regionally: 8 cervical, 12 thoracic, 5 lumbar, 5 sacral, 1
coccygeal
e Ascensus spinalis is the apparent developmental rising of
the cord related to differential spinal growth
e Course of nerve roots becomes longer and more oblique
at lower segments
C1 nerve from C1 segment and exits above C1
C8 nerve from C7 segment and exits at C7-T1
T6 nerve from T5 segment and exits at T6-T7
T12 nerve from T8 segment and exits at T12-L1
L2 nerve from T10 segment and exits at L2-L.3
S3 nerve from T12 segment and exits at the S3 foramen

Meninges are divided into dura, arachnoid, and pia

Dura is a dense, tough covering corresponding to the
meningeal layer of the cranial dura. The epidural space is filled
with fat, loose connective tissue, and veins. The dura
continues with spinal nerves through the foramen to fuse
with the epineurium. Cephalic attachment of the dura is at the
foramen magnum and the caudal attachment at the back of
the coccyx.

Arachnoid is the middle covering, which is thin, delicate, and
continuous with cranial arachnoid. The arachnoid is separated
from the dura by the potential subdural space.

Pia is the inner covering of delicate connective tissue closely
applied to the cord. Longitudinal fibers are laterally
concentrated as denticulate ligaments lying between
posterior and anterior roots, and attach at 21 points to dura.
Longitudinal fibers are concentrated dorsally as the septum
posticum attaching the dorsal cord to the dorsal midline dura.
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Atlas

7 cervical vertebral bodies

— 12 thoracic vertebral bodies

Transverse process

— 5 lumbar vertebral bodies

Iliac wing

T — 5 fused sacral vertebral bodies

4 coccygeal bodies

Brachial plexus

C8 root exiting at C7-T1 level

Thoracic intervertebral discs
— Intercostal nerves

— T12 root exiting at T12-L1 level

Lumbar intervertebral discs

— L4 root exiting at L4-L5 level

Lumbosacral plexus
Sacral nerve roots

Sciatic nerve

(Top) Coronal graphic of the spinal column shows relationship of 7 cervical, 12 thoracic, 5 lumbar, 5 fused sacral, and 4 coccygeal
bodies. Note cervical bodies are smaller with neural foramina oriented at 45° and capped by the unique C1 and C2 morphology.
Thoracic bodies are heart-shaped, with thinner intervertebral discs, and are stabilized by the rib cage. Lumbar bodies are more massive,
with prominent transverse processes and thick intervertebral discs. (Bottom) Coronal graphic demonstrates exiting spinal nerve roots.
C1 exits between the occiput and C1, while the C8 root exits at the C7-T1 level. Thoracic and lumbar roots exit below their respective
pedicles.



CLIVUS

(Left) Sagittal graphic of CVJ
shows: 1) Ant. atlantooccipital
membrane, 2) apical lig., 3)
ALL, 4) cruciate lig., 5)
tectorial membrane, 6)
transverse lig., 7) post.
longitudinal lig., and 8) post.
atlantooccipital membrane.
Red star is the basion; blue
star is the opisthion. (Right)
Posterior view of CVJ shows:
1) Sup. cruciate ligament, 2)
cruciate lig., 3) odontoid ant.
to cruciate lig., 4) atlantoaxial
Jt., 5) accessory atlantoaxial
lig., 6) inf. cruciate lig., 7)
transverse lig., 8) alar lig., and
9) atlantooccipital jt. Red star
= basion.

(Left) Graphic shows cervical
vertebra from above.
Vertebral body is broad
transversely, central canal is
large and triangular in shape,
pedicles are directed
posterolaterally, and laminae
are delicate. Lateral masses
contain the vertebral foramen
for passage of vertebral artery
and veins. (Right) Mid-C5 body
at the pedicle level: Transverse
foramina are prominent
encompassing the vertical
course of vertebral artery. The
anterior and posterior
tubercles B3 give rise to
muscle attachments in neck.

(Left) Graphic shows thoracic
vertebral body from above.
Thoracic bodies are
characterized by long, spinous
processes and transverse
processes. Complex rib
articulation includes both
costotransverse joints B and
costovertebral joints B2, Facet
joints are oriented in the
coronal plane. (Right) Image
through the pedicle level of
the thoracic spine: The coronal
orientation of the facet joints
are well identified in this
section The pedicles are
thin and gracile, with adjacent
rib articulations.
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(Left) Graphic shows lumbar
body from above. Large,
sturdy lumbar bodies connect
to thick pedicles and
transversely directed
transverse processes. Facets
maintain oblique orientation
favoring flexion/extension.
(Right) Lateral 3D scan of the
lumbar spine shows large
bodies joined by thick
posterior elements with the
superior and inferior articular
processes angled in lateral
plane. Transverse processes jut
out laterally for muscle
attachments. Pars
interarticularis form a junction
between articular processes.

(Left) Coronal oblique view of
the lumbar spine shows the
typical "scotty dog"
appearance of the posterior
elements. The neck of the

"dog" is the pars
interarticularis I (Right)
Oblique 3D exam of lumbar
spine shows surface anatomy
of "scotty dog": Transverse
process (nose) superior
articular process (ear)
inferior articular process (front
leg) and intervening pars
interarticularis (neck)
Pedicle that forms "eye" on CT
reconstructions is obscured.

(Left) Cut-away graphic shows
lumbar vertebral bodies joined
by disc & anterior [/ &
posterior IZ>] longitudinal
ligaments. Paired ligamentum
flavum B3 & interspinous
ligament &2 join posterior
elements, with midline
supraspinous ligament
(Right) Graphic shows spinal
cord and coverings: 1) dura
mater, 2) subdural space, 3)
arachnoid mater, 4)
subarachnoid space, 5) pia
mater, 6) ant. spinal artery, 7)
epidural space, and 8) root
sleeve.




Medullary branches

Posterior radiculomedullary
artery

Ventral branch of segmental
artery

Postcentral branch to
vertebral body

Intercostal artery (segmental
supply)

Posterior branch of segmental
artery

Pia mater

Postcentral branch to
vertebral body

Medullary arteries

Dura mater

Subdural potential space

Muscular branch

Normal Anatomy

Posterior spinal arteries

Anterior spinal artery

Artery of Adamkiewicz

Anterior radiculomedullary
artery

Muscular branch

Dorsal ramus

Intercostal artery

Intercostal artery

Anterior spinal artery

Ventral radiculomedullary
artery

Radiculomedullary artery

Dorsal radiculomedullary
artery

Epidural space

Posterior spinal arteries

(Top) Oblique axial graphic of the thoracic spinal cord and arterial supply at T10 shows segmental intercostal arteries arising from the
lower thoracic aorta. The artery of Adamkiewicz is the dominant segmental feeding vessel to the thoracic cord, supplying the anterior
aspect of the cord via the anterior spinal artery. Adamkiewicz has a characteristic "hairpin” turn on the cord surface as it first courses
superiorly, then turns inferiorly. (Bottom) Axial graphic shows the anterior and posterior radiculomedullary arteries anastomosing with
the anterior and posterior spinal arteries. Penetrating medullary arteries in the cord are largely end-arteries with few collaterals. The

cord "watershed" zone is at the central gray matter.
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Measurement Techniques

Terminology

Radiographic measurement techniques, skull base
craniometry, skull base lines

Pathology-Based Imaging Issues

This chapter provides a broad summary of the varied
measurement techniques used for evaluating the spine. The
main focus for the reader should be the tables and the
multiple schematics that define the variously named lines and
angles. These summarize the classic measurement technigues
for the skull base, rheumatoid disease, and some of the most
commonly used measurements for assessing trauma. The rest
of the measurements defined below are a mixture of
miscellaneous measurements and those that do not translate
wellinto a table (i.e., equations).

Torg-Pavlov Ratio
e Diameter of canal to width of vertebral body (initially
defined on plain radiographs of the subaxial spine)

The practical utility of this measurement is controversial. Less
than 0.80 as seen on the lateral view is considered to be
cervical stenosis, and such a small canal potentially increases
risk for cord injury.

Maximum Canal Compromise (%)
e =1-(Di/[(Da+Db)/2]) x 100%

AP canal diameter at the normal levels (immediately above
and below the level of injury) and at the level of maximum
compromise are defined. The measurement of normal levels is
taken at the midvertebral body level. Diis the anteroposterior
canal diameter at the level of maximum injury, Da is the AP
canal diameter at the nearest normal level above the level of
injury, and Db is the AP canal diameter at the nearest normal
level below the level of injury.

In spinal cord injury patients, midline T1 and T2 images provide
an objective, quantifiable, and reliable assessment of cord
compression that cannot be defined by CT alone.

Maximum Cord Compression (%)
e =1-(di/[(da+db)/2]) x 100%

AP cord diameter at the normal levels immediately above and
below the level of injury and at the level of maximum cord
compression is defined. di is the anteroposterior cord
diameter at the level of maximum injury, dais the AP cord
diameter at the nearest normal level above the level of injury,
and db is the AP cord diameter at the nearest normal level
below the level of injury. If cord edema is present, then
measurements are made at the midvertebral body level just
above or below the extent of the edema where cord appears
normal.

Cobb Measurement of Kyphosis

Lines are drawn to mark the superior endplate of the superior
next unaffected vertebral body and the inferior endplate of
the inferior next unaffected vertebral body, which are then
extended anterior to the bony canal. Perpendicular lines are
then extended and the angle between the 2 perpendicular
lines is measured.

Tangent Method for Kyphosis

Lines are drawn along the posterior vertebral body margin on
the lateral view of the affected body and the next most
superior body that is unaffected. The angle between these 2
vertically oriented lines is measured.

Centroid

Also called the geometric center of the vertebral body, this
measurement is defined by drawing diagonal lines between
opposite corners of the body, with the centroid at the
intersection.

Apical Vertebral Translation (AVT)

Lateral displacement of the apex of the coronal curve is
relative to the center sacral vertical line (CSVL) on AP plain
film. The AVT is the horizontal distance between the centroid
of the apical body and the CSVL.

Sagittal Balance

Sagittal alignment is defined on the lateral view using a C7
plumb line. The distal reference point is the posterior superior
aspect of the sacrum. There is a positive number if C7 plumb
line falls anterior to the reference point, and a negative
number if it falls posterior to the reference.
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Common CV Junction Measurements

Measurement Definition Normal Abnormal
Dens > 2.5 mm above line

Chamberlain < 2.5 mm of dens above line

(palatooccipital) line

Posterior hard palate to opisthion

McGregor (basal) line Posterior hard palate to lowest point of | Tip of dens < 4.5 mm above line Tip of dens > 4.5 mm above line
occipital bone

]B31US6UO) :SI9pIOSIQ d139USN pue |e3uabuo)

McRae line Basion to opisthion Entire dens below line <19 mm
Wackenheim clival line Dorsum sellae to tip of clivus Entire dens ventral to line Dens bisects line
Fischgold digastric line Connects the 2 digastric fossae Entire dens below line Dens bisects line
Fischgold bimastoid line Connects tips of mastoid processes Tip of dens 3 mm below to 10 mm ' Tip of dens > 10 mm above line
above line
Anterior atlantodental Posterior aspect of anterior C1 archto  Plain films in children: < 4-5 mm; Plain films in children: > 4-5 mm; plain
interval anterior margin odontoid process plain film in adults: Males < 3.0 mm,  film in adults: Males > 3.0 mm, females
females < 2.5 mm; sagittal CT > 2.5 mm; sagittal CT reformats in
reformats in children: < 2.6 mm; children: > 2.6 mm; sagittal CT in
sagittal CT in adults: Both males adults: Both males and females > 2.0
and females < 2.0 mm mm
Atlantooccipital joint Line from midpoint of occipital condyle ' Plain films in children: < 5 mm; CTin ' Plain films in children: > 5 mm; CT in
space to C1 condylar fossa children: < 2.5 mm children: > 2.5 mm
Summed condylar distance Sum of bilateral distances between CTin adults: < 4.2 mm
midpoint of occipital condyle and C1
condylar fossa
Atlantoaxial joint space Line defining midpoint of C1-C2 jointon | CTin adults: < 3.4 mm; CTin CTin adults: > 3.4 mm; CT in children: >
coronal view children: < 3.9 mm 3.9mm

Rheumatoid Arthritis Measurements

Measurement Definition Normal Abnormal

Ranawat Distance between center of C2 pedicle and <15mminmales, <13  >15mmin males, > 13 mm in females
transverse axis of atlas measured along axis of - mm in females
odontoid process

Redlund-Johnell line Distance between McGregor line and <34mminmales, <29 | >34 mminmales,>29 mm in females
midpoint of caudal margin C2 mm in females

Clark stations Dividing odontoid process into 3 parts in Anterior ring of atlasis  Anterior ring of atlas is level with middle 1/3
sagittal plane level with 1st station (2nd station) or caudal 1/3 (3rd station)

Posterior atlantodental ' Horizontal distance from posterior dens to Smaller is worse and relates to potential

interval (PADI) anterior aspect of C1 lamina or ring neurologic deficit

Space available for cord AP diameter on sagittal MR study between >13mm SAC < 13 mm then decompression in RA

(SAC) dorsal and ventral dura patients considered

Spinal canal diameter Horizontal measurement from posterior On plain films < 14 mm, canal stenosis

(SCD) vertebral body to spinolaminar line warrants MR for further evaluation

CV Junction Trauma Measurements

Measurement Definition Normal Abnormal

Basion dental Basion to superior aspect of odontoid process < 12-12.5 mm in children on plain films,< > 12 mm (Harris measurement)

interval (BDI) 10.5 mm in children by sagittal CT, < 8.5

mm in adults
Basion axial Distance between basion and a line drawn 0-12 mm on plain films Highly variable and not
interval (BAI) along posterior cortical margin of C2 recommended as primary
diagnostic method

Powers ratio Ratio of distance between basion and C1 <1.0 > 1.0 (anterior dislocation only)
posterior arch divided by distance between posterior dissociation or vertical
opisthion and midpoint of posterior aspect of distraction could be missed with

anterior C1 arch (BC/OA) normal value
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(Left) Sagittal graphic of
craniocervical junction shows
Wackenheim clival line (red)
extending tangent to the
normal odontoid position. The
line is drawn from the dorsum
sellae to the tip of clivus.
(Right) Sagittal graphic of the
craniocervical junction shows
Chamberlain line (red), drawn
from the posterior hard palate
to opisthion, and McGregor
line (yellow), drawn from the
posterior hard palate to the
lowest point of the occipital
bone.

(Left) Sagittal graphic of
craniocervical junction shows
lines comprising the Powers
ratio (BC/OA), where normal is
< 1. BC = basion to C1
posterior arch, OA = opisthion
and midpoint of the posterior
aspect of anterior C1 arch.
(Right) Sagittal graphic shows
lines comprising the Lee
method. BC2SL and C20
should just intersect
tangentially with the
posterosuperior aspect of the
dens and the highest point on
the atlas spinolaminar line
respectively in normal state.
Deviation suggests AOD.

(Left) Sagittal graphic shows
basion dental interval (BDI) in
red, which should be < 12-12.5
mm in children on plain films
and < 8.5 mm in adults on CT.
Black lines define basion axial
interval (BAI) B3 extending
from basion to line extended
along posterior margin of C2,
which should be < 12 mm on
plain films. C1-C2
spinolaminar line is shown in
purple (< 8 mm in adults).
(Right) Sagittal graphic shows
atlantodental interval (green)
and spinal canal diameter
(red).




Measurement Techniques

(Left) Sagittal CT
reconstruction in AOD shows
widening B2 of the BDI > 8.5
mm in this adult. Note the
normal Wackenheim line
relationship. (Right) Sagittal
CT reconstruction in AOD
shows widening of the CO-C1
Jjunction B with anterior
subluxation of the condyle.
Condylar fragment is present
in the joint space B3 Note the
normal C1-C2 relationship

(Left) Sagittal STIR MR in AOD
shows widening of BDI with t
72 signal B2 from alar and
apical ligament rupture. Note
also prevertebral edema &2
and posterior interspinous
ligament disruption
Posterior epidural hemorrhage
BX contributes to
subarachnoid space
narrowing. (Right) Coronal CT
reconstruction in AOD shows
marked widening of the CO-C1
Jjoint space B3, which should
be approximately 2 mm.
Bilateral symmetric avulsion
fractures off of the condyles
are present &5,

(Left) Sagittal graphic shows
the maximum canal
compromise measurement. Di
is the anteroposterior canal
diameter at the level of
maximum injury, Da is the AP
canal diameter at the nearest
normal level above the level of
injury. Db is AP canal diameter
at nearest normal level below
level of injury. (Right) Sagittal
graphic shows maximum cord
compression measurement. di
is AP cord diameter at level of
maximum injury. da is AP cord
diameter at nearest normal
level above injury. db is AP
cord diameter at nearest
normal level below injury.
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(Left) Sagittal graphic shows
Redlund-Johnell line (red)
defined by distance between
McGregor line (yellow) and
midpoint of caudal margin of
C2 body. (Right) Sagittal
graphic shows Ranawat
measurement as the distance
between the center of C2
pedicle (purple) and transverse
axis (yellow) of the atlas
measured along the axis of the
odontoid process.

(Left) Graphic shows the 3
Clarke stations for measuring
basilar impression in RA. If
anterior ring of C1 is level with
the 2nd or 3rd station, then
basilar impression is present.
(Right) Sagittal graphic shows
2 different measurements:
McRae line (yellow) is defined
from basion to opisthion, and
the dens should be below this
line. Length of McRae should
be > 19 mm. Lower
measurement shows
measurements of Torg-Pavlov
ratio, which is the diameter of
canal (red) to width of
vertebral body (black). Normal
is>0.8.

(Left) Coronal CT shows
Fischgold digastric line
(vellow) connecting the 2
digastric fossae (normal when
dens below the line), and
Fischgold bimastoid line (red)
connecting the mastoid
processes (abnormal if tip of
dens > 10 mm above line).
(Right) Sagittal CT shows
upward translocation of
odontoid with Wackenheim
clival line and Chamberlain
line grossly abnormal in this
patient with RA. Odontoid is
eroded with thinned pencil-tip
appearance. Note markedly
increased atlantodental
interval.




(Left) Sagittal graphic shows
Cobb angle method for
cervical kyphosis. Lines are
drawn along superior endplate
of cephalad unaffected body
and inferior endplate of
caudal unaffected body
(vellow). The angle of
perpendiculars (red) from
these lines is considered Cobb
angle (white). (Right) Sagittal
graphic shows posterior
vertebral body tangent
method. Lines extend from the
posterior body at fractured
level and superior unaffected
level. Distance can be
measured (red) or angle of
lines determined.

(Left) AP view shows Cobb
measurement. Lines are drawn
(vellow) along end vertebrae,
which are upper and lower
limits of curve tilting most
severely toward concavity.
Perpendiculars are drawn
from the endplate lines (red),
with angle measurement
(white). (Right)
Anteroposterior radiograph
shows measurement of overall
coronal plane balance by the
distance (yellow) from C7
plumb line (white) to central
sacral vertical line (CSVL)
(black). Positive displacement
is to the right, negative to the
left.

(Left) Anteroposterior
radiograph shows
measurement of apical
vertebral translation (AVT).
Distance (arrowed line) from
centroid of apex of curve
(vellow) is measured relative
to CSVL (black). (Right)
Lateral radiograph shows
measurement of sagittal
balance. Horizontal
displacement measured from
plumb line extended from
centroid of C7 (black line) to
posterior superior margin of
the sacrum (yellow). Positive
balance when line is anterior
to reference point.
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MR Artifacts

KEY FACTS

TERMINOLOGY o Normal marrow T1 hypointensity at high field strength (=

e MRimaging artifacts that simulate disease 3.0 tesla)
IMAGING TOP DIFFERENTIAL DIAGNOSES
Syringohydromyelia

e Artifactual "pseudolesion” is usually bizarre or nonanatomic

in appearance or distribution e (CSFdrop metastases
o May be detected anywhere in spine e Aneurysm or arteriovenous malformation
e Common artifacts e Spinal cord hemorrhage
o Truncation ("Gibbs") artifact e Marrow infiltration or replacement
o Phase ghosting artifact CLINICAL ISSUES
© Motion artfact e Artifact location often unrelated to clinical findings
o CSF flow artifact
o Chemical shift artifact DIAGNOSTIC CHECKLIST
o Wraparound artifact (aliasing) e Always consider MR artifacts when confronted with bizarre
o Susceptibility artifact imaging findings
o Zipper artifact
o Gradient warping artifact
o Fat-saturation failure + inappropriate water saturation

(Left) Sagittal STIR MR
demonstrates linear T2
hyperintensity B3 within the
lower thoracic spinal cord
extending to the conus,
representing motion artifact
from abdominal wall
movement. The appearance is
suspicious for artifact, because
it continues to the conus tip,
unusual with true
syringomyelia. (Right) Axial
T2WI FS MR demonstrates
prominent periodic ghosting
artifact B3 of the thecal sac
propagated across the
image in the phase direction.

(Left) Sagittal T2WI MR
obtained for CSF drop
metastasis surveillance shows
bizarre intradural T2
hypointensity B3, representing
marked CSF pulsation artifact
in the thoracic spine. (Right)
Axial T2ZWI MR (imaging
surveillance for CSF drop
metastases) confirms
intradural low signal intensity
CSF pulsation artifact &3.
Correct interpretation as
artifact is possible by
recognizing that this low
signal intensity does not
resemble either a normal
anatomic structure or typical
drop metastasis.




MR Artifacts

TERMINOLOGY

Abbreviations

Specific absorbed radiation (SAR), cerebrospinal fluid (CSF),
radiofrequency (RF)

Synonyms

"Phase ghosting," "Gibbs" artifact, "blooming" artifact

Definitions

MR imaging artifacts that simulate disease

IMAGING

General Features

Best diagnostic clue

o Artifactual "pseudolesion” is usually bizarre or
nonanatomic in appearance or distribution

Location

o May be detected anywhere in spine
— Appearance depends on artifact type

Size

o Variable

Morphology

o Bizarre appearance that seems nonphysiological or
nonanatomical
— MRis very prone to imaging artifacts
— Fortunately, most are pretty unique in appearance,

readily identified if reader is aware of their existence

o Compare with CT motion artifacts, which often simulate
spine fractures or congenital anomalies on reformatted
images

MR Findings

Truncation ("Gibbs") artifact
o Mathematical artifact related to truncation of
computational series used during Fourier transformation
of K-space data
— Not possible to calculate infinite series when
reconstructing raw data
— Mathematical equation is "truncated" or shortened to
reflect practical necessity of sampling finite, rather
than infinite, number of frequencies
o May be detected in both phase and encoding directions,
although more conspicuous in phase direction, because
fewer samples usually obtained
o Occurs at high contrast interfaces, producing alternating
light and dark bands that may mimic lesions
o Inspine, may artifactually widen or narrow spinal cord or
mimic syrinx
o Decrease artifact conspicuity by T number of phase
encoding steps or | field of view (FOV)
Phase ghosting artifact
o Periodic replication of structure along line in phase
encoding direction
o Ghost artifacts, in particular, occur whenever there is
periodic motion within field of view FOV
— Examples include blood flow in vessels, CSF
pulsations, cardiac, and respiratory motion
o Like many artifacts, phase ghosting is more conspicuous
in phase encoding direction, because sampling times are
much slower than in frequency encoding direction

— Thus, these artifacts are propagated in phase direction
regardless of motion direction

e Motion artifact

o Voluntary or involuntary patient movement (random) or
pulsating flow in vessels (periodic)
o Detected in phase encoding direction
o May simulate pathologic intramedullary or intradural
lesion
— Usually recognizable as artifact, but may render study
limited or nondiagnostic for cord pathology
o If motion is nonperiodic (e.g., bowel peristalsis), ghosting
will not occur, but generalized image degradation will be
apparent
o Address with patient instruction, respiratory
compensation, sedation, faster scanning
CSF flow artifact
o Subset of periodic motion artifact
o Dephasing of protons due to CSF motion may simulate
intradural blood, disc herniation, CSF metastasis, or
intramedullary lesion
o Flow compensation techniques can decrease artifact
conspicuity
Chemical shift artifact
o Protons precess at slightly different frequencies in fat
compared to water
— Difference in proton precessional frequency between
water and fat at 1.5T is 220 Hz
o Spatial misregistration of fat and water produces overlap
that causes additive bright band at lower frequency
range and subtractive dark band at higher frequency
range
o (Can be useful to confirm presence of macroscopic fat
Wraparound artifact (aliasing)
o Occurs when dimensions of imaged object exceed FOV
o Seenin both frequency and phase encoding directions,
although much more conspicuous in phase encoding
direction
o May also be identified in slice select direction on 3D
sequences, because of additional phase encoding
direction
o Increasing FOV and number of phase encoding steps
helps reduce artifact in phase direction, as does use of
"no phase wrap" software
o Aliasing in frequency direction may be abolished by
oversampling above Nyquist frequency
Susceptibility artifact
o Metal or blood products disrupt local magnetic field
homogeneity, produce signal void or image distortion
o Common in postoperative instrumented spine
o New metal-insensitive pulse sequences help reduce
artifact
o Can be used to advantage to diagnose hemorrhagic or
calcified lesions
- e.g., cavernous malformations, spinal cord
hemorrhage
Zipper artifact
o Family of similar appearing artifacts most commonly
occurring in phase encoding direction
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MR Artifacts

o Produced by radiofrequency noise related to scanner
equipment, scan parameters, or extrinsic noise (TV or
radio channel, flickering fluorescent room light, patient
monitor, etc.)

o Usually easy to identify as artifact, but may obscure
important findings or create confusing pseudolesion

e Gradient warping artifact

o Image distortion at edges of large FOV studies (> 30 cm)
caused by gradient distortion

o May be be addressed with gradient distortion correction
(GDQO)

e Fat-saturation failure + inappropriate water saturation

o Frequency selective RF ("fat-saturation") pulse frequency
chosen to saturate fat spectral peak center frequency

o Magnetic field inhomogeneity alters fat center
frequency so that fat-saturation pulse frequency no
longer overlaps fat spectral peak — fat-saturation failure

o If fat-saturation pulse frequency inadvertently overlaps
water spectral peak — inappropriate water suppression

e Normal marrow T1 hypointensity at high field strength (=

3.07)

o Problem arises because of technical parameter changes
needed to acquire T1-weighted images at high field in
reasonable time without SAR issues

o Inversion recovery T1WI sequences less SAR intensive
than T1 SE sequence, commonly used in 3.0T spine
imaging
— Marrow signal relatively hypointense compared to

appearance on SE T1WI, simulates pathological
marrow infiltration

Imaging Recommendations

e Protocol advice
o Minimize artifacts using appropriate parameters, flow
compensation, saturation bands, adequate sedation, or
comfort measures, etc.

DIFFERENTIAL DIAGNOSIS

Syringomyelia

e True dilation of central spinal cord canal, without
(hydromyelia) or with (syringomyelia) underlying cord injury
and myelomalacia, eccentric cavitation

e Does not usually extend all the way to conus; may be
sacculated

e Simulated by truncation artifact or phase ghosting

CSF Drop Metastases

e Will usually be detectable in at least 2 planes

e Mimicked (or obscured) by CSF pulsation artifact

e Swap phase and frequency if needed to confirm as not an
artifact

Aneurysm or Arteriovenous Malformation

e Phase ghosting permits diagnosis of patent flow within
vessels or tissue based on periodic ghost artifact

e Absence of this artifact in technically satisfactory MR exam
indicates slow flow or thrombosed lesion

Spinal Cord Hemorrhage

e Cavernous malformation, post-traumatic spinal cord
hematoma, neoplasm
e Mimicked by phase ghosting, RF leak, motion artifact

e Use gradient recalled echo imaging (GRE) to capitalize on
susceptibility artifact, confirm blooming of hypointense
signalin hemorrhagic lesion

Marrow Infiltration or Replacement

e Marrow replacement or ablation, fibrosis

e Hematopoietic neoplasms, marrow replacement, or
ablation diseases, osteopetrosis

e Mimicked by use of T1 FLAIR technique for T1WI at higher
field strengths (= 3.07)

e Results in lower normal marrow signal intensity than seen
on spin-echo T1WI sequences

CLINICAL ISSUES

Presentation

e Most common signs/symptoms
o Artifact location often unrelated to clinical findings
o Exception is susceptibility artifact in cases of
hemorrhage, metallic foreign body, or medical devices

Natural History & Prognosis
e Notapplicable

Treatment
e Notapplicable

DIAGNOSTIC CHECKLIST

Consider

e Artifacts often have characteristic appearance,
recognizable if imager is aware of and considers artifact

Reporting Tips
e Always consider MR artifacts when confronted with bizarre
imaging findings
o If MR artifact cannot be excluded, consider true
pathology
o Clinical context always crucial to avoid failure to consider
important pathologic differential considerations
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MR Artifacts

(Left) Axial T2ZWIMR in a
patient with tethered spinal
cord shows classic chemical
shift artifact B3, confirming
presence of fat within the
filum. Pattern of alternating
hyper- and hypointensity
confirms that frequency
direction is AP. (Right) Axial
T2WI MR depicts prominent
chemical shift artifact in the
thecal sac B2 and nerve root
sleeves B3 reflecting presence
of water (CSF in root sleeves)
and fat (epidural) within
adjacent voxels. Frequency
direction is right to left.

(Left) Coronal T2WI MR
demonstrates artifactual wrap
of back fat B2 onto the
thoracic spine. Such artifacts
could be diminished by
increasing the field of view
(FOV), at the cost of spatial
resolution, unless the number
of phase encoding steps is also
increased. (Right) Axial T1WI
MR depicts propagation of
respiratory motion B through
the abdomen and spine, as
well as phase wrap of the
abdomen behind the back B3.

(Left) Sagittal T2WI MR shows
marked signal loss and image
degradation in the upper
thoracic spine, reflecting
attempted MR imaging with
the incorrect spine coil
elements turned on. There is
also a prominent zipper
artifact B3 running in the
craniocaudal direction. (Right)
Sagittal T1WI MR reveals
marked distortion of the
inferior frontal lobes and
facial soft tissues reflecting
severe metallic dental brace
artifact.
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MR Artifacts

(Left) Sagittal TTWI MR
(suprasellar
craniopharyngioma,
postoperative) performed for
spinal surveillance with known
CSF craniopharyngioma i
dissemination shows a
metastatic lesion B2 anterior
to the pons. (Right) Sagittal
T1WI C+ FS MR (suprasellar
craniopharyngioma, known
CSF metastases) demonstrates
a prominent band of
susceptibility artifact B3 2° to
inhomogeneous fat
saturation, unfortunately
nearly completely obscuring
known CSF metastasis B3.
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(Left) Sagittal T1WI MR shows
severe radiofrequency
interference artifact creating
horizontal stripes across the
image producing mild image
degradation. Note also the
incomplete zipper artifact
at the inferior margin of the
image center. (Right) Axial
T2WI MR of the thoracic spine
demonstrates a prominent
zipper artifact B3 in the upper
center of the image. Like most
zipper artifacts, this does not
seriously compromise the
diagnostic quality of the exam.

(Left) Sagittal TTWI MR in an
uncooperative, delirious
patient shows severe motion
artifact that markedly
degrades the image quality
and renders it nondiagnostic.
It is important not to try to use
these images in a diagnostic
attempt, because artifact may
either simulate or obscure a
lesion. (Right) Axial TTWI C+
FS MR shows severe motion
artifact running in the AP
direction reflecting respiratory
movement of the abdominal
wall. There is also periodic
phase ghosting of the aorta
=




MR Artifacts

(Left) Axial T2WI MR depicts
periodic phase encoding
artifact from the thecal sac
simulating lesions in the liver
and spleen B3. The spacing
between the thecal sac and
the artifactual ghosts is
precisely the same distance, a
characteristic finding with
periodic phase ghosting
artifact. Recognizing this
assists in making the diagnosis
of artifact. (Right) Axial T2WI
MR shows periodic phase
ghosting from the thecal sac
and spinal cord simulating
bilateral renal lesions 2.

(Left) Sagittal TTWI MR
demonstrates gradient
warping artifact of the lower
thoracic spine. This artifact is
characterized by image
distortion B at the edges of
large FOV studies (esp. > 30
cm) caused by gradient
distortion. (Right) Sagittal
T2WI MR depicts unacceptable
phase ghosting artifact B3
that mimics cervical
syringohydromyelia in this
case arising from failure to
place an anterior saturation
band in front of the cervical
spine.

(Left) Axial TTWI C+ FS MR
shows inhomogeneous fat
suppression using chemical
fat-saturation technique, with
bright areas of fat-suppression
failure as well as dark
areas of inappropriate water
saturation B3. (Right) Axial
T1WI C+ FS MR shows
complete failure of chemical
fat-saturation technique,
compounded by unwanted
inappropriate water
saturation that nullifies all
water signal. This artifact is
commonly encountered when
imaging complex shapes such
as the cervicothoracic
junction.

0
o
32
((a]
"]
=
cT
o
[21)
32
o
(9]
")
32
()
faTs
n
O
(%]
(o)
=
Q
("]
=
sl}
(R
o
32
((a]
()
=
cT
o




=
=
[=
()
=)}
=
o
9
7
—
(]
§e)
—
o
34
(a]
v
)
[
[=
(]
O
ae)
=
(4]
=
=
[=
()
=)}
[=
o
(9

Normal Variant

TERMINOLOGY

e Normal anatomical variations that simulate pathological
conditions

IMAGING

e Multiplanar MR best for soft tissue evaluation
e Radiography, bone CT most useful for bone anatomy

TOP DIFFERENTIAL DIAGNOSES

Traumatic or degenerative vertebral subluxation
Transverse process fracture

Vertebral segmentation and formation anomalies
Vertebral hemangioma

Intervertebral disc herniation

Nerve sheath tumor

Posterior spinal dysraphism

Caudal regression spectrum

(Left) Sagittal bone CT in a
young pediatric patient
demonstrates slight apparent m
subluxation of C2 on C3 2.
All other spinal lines are
normal, particularly the
posterior spinolaminar line
from C1 to C3, confirming
pseudosubluxation. (Right)
Anteroposterior cervical
radiograph shows unusual
elongation of the C7
transverse processes 3. In
some patients, draping of the
lower brachial plexus trunk
over the C7 transverse process
may produce a clinical brachial
plexopathy.

KEY FACTS

CLINICAL ISSUES

e Discovered incidentally when patient is imaged for other
indications
o Patient asymptomatic, or presenting symptoms do not
match location of finding
e Normal life expectancy, no incremental morbidity
e May lead to unnecessary diagnostic tests or treatment if
not recognized as normal variant

DIAGNOSTIC CHECKLIST

e Many normal variants are common and readily recognized
by experienced observers

e Some are uncommon and may not be recognized as normal
variant, require high index of suspicion to correctly
diagnose

e Consider normal variant within differential diagnostic
considerations when unexpected finding is detected

(Left) Anteroposterior cervical
radiograph demonstrates
small bilateral rudimentary C7
cervical ribs B5. Downward
angulation of the adjacent
transverse processes
distinguishes these from
hypoplastic T1 thoracic ribs.
(Right) Sagittal T1WI MR
along the plane of the medial
aspect of the L5 pedicle shows
a vertically oriented root ==
spanning the L5 disc level due
to a conjoined nerve root. This
vertical orientation of the
exiting inferior root is typical,
along with the more
horizontal course of the
superior root.




Normal Variant

TERMINOLOGY

Definitions

e Normal anatomical variations that simulate pathological
conditions

IMAGING

Cervical Vertebral Pseudosubluxation

e (lassically most conspicuous at C2/3 level, with apparent
anterior subluxation of C2 on C3 with head in flexed
position

e Observed in younger pediatric patients with incomplete
ossification of upper cervical spine
o Prevalence in older patients controversial, may represent

true ligamentous injury

e Absence of spinolaminar line disruption and patient age

keys to correct recognition

Incomplete C1 Ring

e (C1ringisincompletely ossified

e |nabsence of neurological abnormalities or documented
instability, asymptomatic normal variant detected during
imaging for other reasons

Cervical Ribs

e Small rudimentary ribs at C7
o Elongation of C7 transverse processes is close variant
with similar clinical findings
e Usually asymptomatic but may produce brachial plexopathy
or thoracic outlet symptoms
e Orientation of transverse processes key to distinguishing
cervical from thoracic ribs
o Cervical transverse processes point caudal, while thoracic
transverse processes point rostral

Transitional Vertebral Anatomy

e Variant osseous anatomy at thoracolumbar or lumbosacral
transitions

e Common variants include S1 "lumbarization," L5
"sacralization," rudimentary L1 ribs, hypoplastic T12 ribs

e Confound correct counting of vertebral levels
o Usually not clinically significant issue if counting method

well described inimaging report

e May predispose to accelerated degenerative changes at

mobile segments above or below variant levels

Focal Fatty Marrow

e Focal fat conglomeration within vertebral marrow
e Follows fat signal and density on all sequences
o Fat-saturation MR sequences helpful to confirm
diagnosis
e Primary clinical impact is mimicry of vertebral hemangioma

Ectopic Kidney

e Pelvic kidney lower than orthotopic location, more midline
than expected

e May mimic prevertebral neoplasm

e Correct identification of corticomedullary reniform
architecture critical to avoid unnecessary biopsy or
resection

Conjoined Nerve Root

e 2 adjacent spinal nerve roots exit through a common
aberrant nerve root sleeve

e Nerves subsequently either exit individually through
correct-numbered neural foramina or both through a single
foramen

e Mimics nerve sheath tumor or intervertebral disc herniation
onimaging

Incomplete Posterior Lumbar Elements

e Incomplete fusion of L5 or S1 posterior elements
o Term "spina bifida occulta" outdated and use is
discouraged
e Commonly observed in asymptomatic population
e Should be considered normal variant in absence of
cutaneous abnormalities or referable neurological
abnormalities

High Thecal Sac Termination

e Normal thecal sac termination usually inferior S2 level
o Range from lower 1/3 of L3 - upper 1/3 of S5
o < 5% terminate above S1 level

e Normal neurological examination expected with incidental
anatomic variant

e Spinal cord anomalies or sacral dysplasia prompts
consideration of caudal regression spectrum

Imaging Recommendations
e Bestimaging tool
o Multiplanar MR best for soft tissue evaluation
o Plain radiographs, bone CT most useful for working out
bone anatomy

DIFFERENTIAL DIAGNOSIS

Traumatic or Degenerative Vertebral Subluxation

e Mimics cervical pseudosubluxation

e True listhesis secondary to trauma or degenerative changes

e Characteristically demonstrates spinolaminar line
disruption, in contradistinction to cervical
pseudosubluxation

e Concurrent fractures or degenerative osseous changes
common

e Patients generally much older than pseudosubluxation age
range

Transverse Process Fracture

e Mimics cervical rib or hypoplastic thoracic or lumbar rib
e Sharp, noncorticated edge at fracture site
e + paraspinal hematoma, other injuries

Vertebral Segmentation and Formation Anomalies

e True failure of normal vertebral formation or segmentation
o Butterfly and hemivertebra, block vertebra, posterior
element fusion
e Mimics variant transitional thoracolumbar or lumbosacral
anatomy
e Consider syndromal associations, concurrent visceral
anomalies

Vertebral Hemangioma
e Mimics focal fatty vertebral marrow
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Normal Variant

e Most are asymptomatic and incidentally discovered on
imaging for other indications
o Small percentage have atypical vascular (nonfatty)
stroma, may extend beyond vertebral body, pathological
fracture
o Primary clinical importance has resemblance to primary
or metastatic vertebral malignancy
e Round shape, coarsened vertebral trabeculae help confirm
benign hemangioma diagnosis

Intervertebral Disc Herniation

e Mimics conjoined nerve root, nerve sheath tumor
e Proteanimaging appearances
o Disc fragment does not homogeneously enhance,
helping to distinguish from a nerve sheath tumor or
normal dorsal root ganglion
o May resemble conjoined nerve root; look for increased
number of nerves in root sleeve, aberrant nerve sheath
origin
Nerve Sheath Tumor
e Mimics conjoined nerve root, intervertebral disc herniation
e Neurofibroma, schwannoma most common spinal nerve
neoplasms
e Enhancement pattern helps distinguish from normal or
conjoined nerve root, herniated intervertebral disc

Posterior Spinal Dysraphism

e Mimics incidental variant incomplete posterior element
fusion

e May be open or closed (skin-covered)

e Frequently coexists with low-lying spinal cord and filum
anomalies + lipoma

Caudal Regression Spectrum

e Mimics isolated incidental high thecal sac termination

e < 5sacral segments + coccyx by definition

e Spinal cord either wedge-shaped, high termination (type 1)
or elongated and low-lying (type 2)

e Association with pelvic visceral anomalies, other congenital
spinal malformations

PATHOLOGY

General Features
e Etiology

o Normal variant
Gross Pathologic & Surgical Features
e Concordant with imaging features
Microscopic Features
e Characteristic of tissue composition

CLINICAL ISSUES

Presentation

e Most common signs/symptoms
o Discovered incidentally when patient is imaged for other
indications
o Patient asymptomatic or presenting symptoms that
prompt imaging does not match location of findings

Demographics
e Age

o Detection possible throughout entire life span
e Epidemiology

o Variable

Natural History & Prognosis

e Normal variant; does not alter normal life expectancy or
produce morbidity

e May lead to unnecessary diagnostic tests or treatment if
not recognized as normal variant

Treatment
e None indicated

DIAGNOSTIC CHECKLIST

Consider

e Many normal variants are common
o Readily recognized by experienced observers
e Some are uncommon enough that may not be recognized
as normal variant
o Require high index of suspicion to correctly diagnose
o Consider normal variant within differential diagnostic
considerations when unexpected finding is detected

SELECTED REFERENCES

1. Thawait GK et al: Spine segmentation and enumeration and normal variants.
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3. Hanson EH et al: Sagittal whole-spine magnetic resonance imaging in 750
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Normal Variant

(Left) Sagittal T1TWI MR of the
thoracic spine demonstrates
focal, well-circumscribed
hyperintense signal intensity
within a midthoracic
vertebral body. There is no
disruption of the posterior
vertebra. The differential is
focal fatty marrows vs. a small
hemangioma. Both are of no
clinical consequence. (Right)
Anteroposterior radiograph of
the lumbar spine obtained for
low back pain reveals
incidental incomplete
posterior fusion of the S1
lamina B3 in the midline.

(Left) Anteroposterior
radiograph shows
incorporation of the L5
transverse processes & into
the sacral ala bilaterally
("sacralization of L5"). (Right)
Axial TTWI MR of the sacral
spine depicts 2 ovoid masses
within the right S1
foramen representing
conjoined nerve roots.

(Left) Axial bone CT shows a
variant accessory ossification
center in the midline of the
posterior C1 arch B5. The
anterior C1 ring shows
conventional anatomy with a
single ossification center. This
uncommon variant is
asymptomatic and stable.
(Right) Sagittal TTWI MR
(normal neurological
examination) demonstrates
incidentally detected high
termination of the thecal sac
at the mid-L5 level B2 with a
small perineural cyst B3. The
conus terminates at the
normal L1 level, and the filum
terminale is not thickened.
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Craniovertebral Junction Variants

KEY FACTS
TERMINOLOGY PATHOLOGY
e Anomalous or variant craniovertebral junction anatomy e Congenitalinsult to developing CVJ neural and osseous
tissue between 4th and 7th intrauterine weeks
IMAGING . ) ) S ! :
] ) ] o e Solid ankylosis or fibrous union in many irreducible
e Flattening or malformation of clivus/occipital condyles, anomalies

anterior C1 ring, or dens S , e Granulation tissue proliferation around motion areas in
e Variable instability during dynamic flexion, extension unstable or reducible anomalies

e +enhancing granulation tissue mass ("pannus") CLINICAL ISSUES

o Reducible abnormalities have largest pannus = o ‘
TOP DIFFERENTIAL DIAGNOSES ° S;?;g;tiaolnf}gigjgggr?r suboccipital neck pain exacerbated

e Developmental CVJ anomalies e Symptomatic presentation following mild trauma common
o Achondroplasia, Down syndrome

e Inflammatory and degenerative arthritides DIAGNOSTIC CHECKLIST
e Acquired basilar impression e Dynamic flex-extend imaging determines stability,
e Trauma reducibility of abnormality

(Left) Axial bone CT
(platybasia) reveals an
aberrant, flattened clivus with
unusual coronal orientation.
Also demonstrated is a
prominent midline bone cleft
defect B3. (Right) Sagittal
bone CT demonstrates
coexisting condylus tertius and
os odontoideum in a patient
with atlantoaxial instability.
Note the osseous protrusion
from the clivus tip B2
representing the condylus
tertius. The os B3 is dystopic,
and the anterior C1 ring &2 is
enlarged.

(Left) Sagittal bone CT (os
avis) reveals abnormal fusion
of the os B3 to the clivus &=
Remodeling changes are also
noted in the anterior C1 ring
and os. The posterior C1
ring [31is hypoplastic and
resides within the spinal canal,
Jjust below the foramen
magnum. (Right) Sagittal
FLAIR (os avis, same patient)
reveals abnormal T2 signal
within the cervical spinal cord
at the C1 level, reflecting
injury related to atlantoaxial
instability and mild C1 ring B3
hypoplasia.




Craniovertebral Junction Variants

TERMINOLOGY

Abbreviations

e Craniovertebral junction (CVJ), craniocerebral junction
(cQ))

Synonyms
e CVJanomalies, CCJ variants or anomalies

Definitions

e Anatomical variations of skull base-upper cervical spine
articulation

IMAGING

General Features

e Best diagnostic clue
o Flattening or malformation of clivus/occipital condyles,
anterior C1 ring, or odontoid process

Radiographic Findings
e Radiography
o Platybasia, basilar invagination, C1 ring assimilation,
asymmetrical C1/2 articulation, backward tilt,

hypoplasia/aplasia, os odontoideum of odontoid
process, C2/3 fusion (Klippel-Feil)

Fluoroscopic Findings

e Variable instability of C0/1, C1/2 articulations with dynamic
flexion and extension

CT Findings
e CECT
o *enhancing granulation tissue mass ("pannus")
— Patients with reducible abnormalities usually have
largest pannus
e Bone(CT
o Findings similar to plain radiographs; sagittal and coronal
reformats minimize effect of overlapping structures

MR Findings
o TT1WI
o Osseous anomalies + soft tissue granulation tissue, cord
compression, hindbrain anomalies
o T2WI
o Similar to T1WI; best for evaluating spinal cord
o TTWIC+
o *enhancing "pannus”

Imaging Recommendations

e Protocol advice

o Dynamic flex-extend plain films to demonstrate
biomechanics, uncover instability

o Multiplanar T1WI, T2WI to evaluate cord, soft tissues;
flex-extend MR optimally delineates effect of position on
neural compression

o Bone CT with multiplanar reformats to evaluate osseous
structures for surgical planning

DIFFERENTIAL DIAGNOSIS

Developmental CVJ Anomalies

e (CVJstenosis or atlantoaxial instability 2° to
o Achondroplasia

o Mucopolysaccharidosis
o Down syndrome
o Inborn errors of metabolism

Inflammatory and Degenerative Arthritides

e + CVJ fusion, anterior displacement of C1 ring from dens,
basilar invagination — possible cord compression 2° to canal
stenosis

Rheumatoid arthritides

Reactive arthritides

Psoriatic arthritides

Ankylosing spondylitis
o Degenerative arthritis (osteoarthritis)

e (linical manifestations include myelopathy, pain, extremity
deformity
o Elicit characteristic clinical, historical, and laboratory

abnormalities to confirm diagnosis

O O O O

Acquired Basilar Impression

e Upward displacement of occipital condyles above plane of
foramen magnum, radiological protrusion of dens tip above
Chamberlain line

e 2°to bone softening

Paget disease

Osteogenesis imperfecta

Rickets

Rheumatoid arthritis

o Hyperparathyroidism

[e]

O O O

Trauma

e CVJinjuries relatively uncommon but high
morbidity/mortality

e Fracture &/or ligamentous injury

e Sharp, noncorticated margins argue against congenital
anomaly

PATHOLOGY

General Features

e Etiology
o Congenitalinsult to developing CVJ neural and osseous
tissue between 4th and 7th intrauterine weeks —
hypoplasia, segmentation/fusion anomalies, CVJ
ankylosis
e Associated abnormalities
o Dwarfism, jaw anomalies, cleft palate, congenital ear
deformities, short neck, Sprengel deformity, funnel
chest, pes cavus, and syndactyly
e Congenital CVJ abnormalities are relatively uncommon
o Severity ranges from benign, asymptomatic to
potentially fatal instability — cord/brainstem
compression
e Type and severity of anomaly determined by anatomy
relative to 1 or more standard "lines of reference”
o Chamberlain line: Line drawn from opisthion to dorsal
margin of hard palate
o McGregor line: Line drawn from upper posterior hard
palate to most caudad point of occiput

Staging, Grading, & Classification
e Occipital sclerotome malformations
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Craniovertebral Junction Variants

o Most occiput anomalies associated with { skull base
height + basilar invagination (odontoid tip > 4.5 mm
above McGregor line)

— Condylus tertius, condylar hypoplasia, basiocciput
hypoplasia, atlantooccipital assimilation, bifid clivus
— Platybasia = congenital flattening of craniocervical
angle > 135°
— Associated with hindbrain herniation, syringomyelia (<
30%)
e (C1ring anomalies

o (1 assimilation ("occipitalized C1"): Segmentation failure
- fibrous or osseous union between 1st spinal
sclerotome and 4th occipital sclerotome
— *occipitocervical synostosis; most C1 ring

assimilations asymptomatic, more likely to be
symptomatic if retroodontoid AP canal diameter < 19
mm

o C1 malformation: Aplasia, hypoplasia, cleft C1 arch, "split
atlas" (anterior and posterior arch rachischisis)

o Association with Klippel-Feil, basilar invagination, Chiari 1
malformation

e (2 anomalies: C1/2 segmentation failure, dens dysplasia

o Majority confined to odontoid process; partial
(hypoplasia) = complete absence (aplasia), ossiculum
terminal persistens, os odontoideum
— Ossiculum terminale persistens: Ossification failure of

terminal ossicle — incidental "notch" in dens tip
— Os odontoideum: Well-defined ossicle at dens tip +
anterior C1 arch enlargement

o Odontoid anomalies in association with ligamentous
laxity — atlantoaxial instability
— Incompetence of cruciate ligament — C1/2 instability,

possible neurologic deficit, or death
— Most common in Down syndrome, Morquio
syndrome, Klippel-Feil syndrome, & skeletal dysplasias

Gross Pathologic & Surgical Features

e Solid ankylosis or fibrous union in many irreducible
anomalies

e Granulation tissue proliferation around motion areas in
unstable or reducible anomalies

Microscopic Features

e Variable components of histologically normal bone, fibrous
tissue, & granulation tissue

CLINICAL ISSUES

Presentation

e Most common signs/symptoms
o Suboccipital neck pain (85%); may clinically mimic "basilar
migraine”
o Posterior occipital headache exacerbated by
flexion/extension
e Other signs/symptoms
o Myelopathy, brainstem/cranial nerve deficits, weakness,
lower extremity ataxia
o Vascular symptoms (15-20%); TIA, vertigo, visual
symptoms with rotation or head manipulation
e Clinical profile
o Usually normal clinical appearance; obvious clinical
dysmorphism implies syndromal association

o Symptomatic presentation following mild trauma
common

Demographics
e Age
o Infancy - late adulthood depending on severity
e Gender
o M=F
e Epidemiology
o Relatively uncommon: 0.14-0.25% pediatric population

Natural History & Prognosis

e Usually gradual onset of neurological symptoms with
localizing signs; some patients asymptomatic throughout
life

e Occasionally, neurological presentation is fulminant -
quadriplegia, sudden death

e Undetected anomalies at risk for injury during minor
trauma, anesthesia

e Early diagnosis permits treatment before symptoms or
permanent neurological sequelae

Treatment

e Conservative approach initially unless unstable or neural
deficits present
o Traction, cervical orthosis, activity restriction
e Symptomatic, refractory to conservative management
o Skeletal traction to distinguish reducible from irreducible
abnormalities, relieve symptoms preoperatively
o Correction of underlying biomechanical abnormality with
decompression * fusion

DIAGNOSTIC CHECKLIST

Consider

e ook for combinations of anomalies based on known
association patterns

e Impact of diagnosis must be customized to individual
patient to develop best treatment approach

Image Interpretation Pearls

e Dynamic flex-extend imaging determines stability,
reducibility of abnormality

e CT with reformats valuable for evaluating osseous
abnormalities

SELECTED REFERENCES
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Craniovertebral Junction Variants

(Left) Sagittal bone CT shows
assimilation of anterior C1
with basion and partial
assimilation of posterior C1
arch B2 with opisthion. There
is widened atlantodental
interval and mild basilar
invagination. (Right) Sagittal
bone CT demonstrates
congenital assimilation of
anterior C1 ring B with clivus
as well as fusion of the
posterior C1 ring to the C2
spinous process 3. This CV.J
anatomical variation would be
expected to produce reduced
CVJ dynamic motion.

(Left) Sagittal T2WI MR
(VACTERL) shows moderately
severe central canal stenosis
at C1 B2 secondary to C1ring
hypoplasia. There is mild T2
hyperintense signal in the cord
at that level indicating
myelomalacia. Also
incidentally demonstrated is a
rudimentary intervertebral
disc space at C2-C3, reflecting
congenital segmentation
failure. (Right) Axial TTWI
(VACTERL) MR confirms
moderately severe central
canal stenosis at C1 secondary
to C1 ring hypoplasia.

(Left) Axial bone CT depicts
congenital fusion failure of
the C1 ring, with both anterior
and posterior ring clefts B3.
Despite its bizarre
appearance, this constellation
of findings does not
necessarily predispose to
cervical instability. (Right)
Sagittal T2WI MR reveals
flattening of the clivus B
angle and aberrant odontoid
B3 retroflexion with adjacent
hypointense pannus. In
addition, MR imaging discloses
a previously unsuspected
Chiari 1 malformation with
cerebellar tonsillar ectopia BE3.
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Ponticulus Posticus

KEY FACTS

TERMINOLOGY

e Latin: "Little posterior bridge"

e Synonyms: Arcuate foramen, sagittal foramen, canalis
vertebralis, retroarticular canal, retroarticular/retrocondylar
vertebral artery ring, upper retroarticular foramen, and
atlantal posterior foramen

IMAGING

e Osseous roof along superior C1 arch covers C1 vertebral
artery foramen
o Vertebral artery passes through osseous tunnel

e May be partial or complete

e Unilateral or bilateral

TOP DIFFERENTIAL DIAGNOSES
e Broad C1 posterior arch

PATHOLOGY

e Postulated to arise from ossification of lateral segment of
posterior atlantooccipital ligament or joint capsule

(Left) Lateral radiograph of
the upper cervical spine
demonstrates a partial
osseous roof [=]over the C1
vertebral artery foramen,
characteristic of ponticulus
posticus (incomplete variant).
(Right) Lateral radiography of
the upper cervical spine
reveals a complete osseous
roof (=] over the C1 vertebral
artery foramen, typical of
classic ponticulus posticus
(complete variant).

(Left) Sagittal CTA depicts a
complete C1 arch, with a
robust osseous covering
(complete ponticulus posticus)
[Slover the vertebral artery
[Z>]along the superior aspect
of the C1 arch. (Right)
Anteroposterior view of a CTA
3D reformat shows a
dominant left vertebral artery
B3 and smaller (nondominant)
right vertebral artery 5> Both
are covered by a complete
osseous bridge along the
superior aspect of the C1 arch.

e Morphologically normal bone

CLINICAL ISSUES

e Most common: Asymptomatic
e Other symptoms
o Vertebrobasilar ischemia or infarction
o Vertigo
o Headache
o Neck pain

DIAGNOSTIC CHECKLIST

e Vertebral arteries predisposed to surgical injury during
lateral mass screw placement

e Multiplanar bone CT with 3D reformats best demonstrates
ponticulus posticus




Ponticulus Posticus

TERMINOLOGY
Synonyms
e Arcuate foramen, sagittal foramen, canalis vertebralis,
retroarticular canal, retroarticular/retrocondylar vertebral

artery ring, upper retroarticular foramen, and atlantal
posterior foramen

Definitions

e Osseous arch connecting retroglenoid tubercle with
posterior C1 arch

e Latin: "Little posterior bridge"

IMAGING

General Features

e Best diagnostic clue
o Osseous "bridge" along superior C1 arch covers vertebral
artery
e Location
o (1 archvertebral foramen
o Unilateral or bilateral
e Morphology
o May be partial or complete
Radiographic Findings
e Radiography
o Partial or complete osseous roof over C1 vertebral artery
foramen
CT Findings
e BoneCT
o Complete orincomplete osseous "bridge" covers C1
vertebral foramen
o CTA
o Vertebral artery passes through osseous tunnel formed
by ponticulus posticus
MR Findings
e Partial or complete osseous roof over C1 vertebral artery
foramen
e MRA
o Contains ipsilateral vertebral artery

Imaging Recommendations

e Bestimaging tool
o Multiplanar bone CT with 3D reformats

DIFFERENTIAL DIAGNOSIS

Broad C1 Posterior Arch
e Mistaking ponticulus posticus for broad posterior C1 arch —

vertebral artery injury during C1 lateral mass screw
placement

PATHOLOGY

General Features

e Etiology
o Postulated to arise from ossification of lateral segment
of posterior atlantooccipital ligament or joint capsule
e Associated abnormalities
o None

Staging, Grading, & Classification

e Full: Complete osseous ring
e Incomplete: Portions of osseous ring absent
e (alcified: Linear or amorphous calcification

Gross Pathologic & Surgical Features

e Morphologically normal bone
e May mimic posterior C1 arch

CLINICAL ISSUES

Presentation

e Most common signs/symptoms
o Asymptomatic
e Other signs/symptoms
Vertebrobasilar ischemia or infarction
Vertigo
Headache
Neck pain
Shoulder/arm pain

o

O O O O

Demographics
e Age
o No association
e Gender
o F>M
e Epidemiology
o 3-38%

DIAGNOSTIC CHECKLIST

Consider

e Vertebral arteries predisposed to surgical injury during
lateral mass screw placement

e Multiplanar bone CT with 3D reformats best demonstrates
ponticulus posticus

SELECTED REFERENCES

1. O’Donnell CM et al: Vertebral artery anomalies at the craniovertebral
junction in the US population. Spine (Phila Pa 1976). 39(18):E1053-7, 2014

2. LeeSH etal: Posterior C1-2 fusion using a polyaxial screw/rod system for os
odontoideum with bilateral persistence of the first intersegmental artery. J
Neurosurg Spine. 14(1):10-3,2011

3. Mellado M et al: MDCT of variations and anomalies of the neural arch and
its processes: part 2-articular processes, transverse processes, and high
cervical spine. AJR Am J Roentgenol. 197(1):W114-21, 2011

4.  Greiner HM et al: Rotational vertebral artery occlusion in a child with multiple
strokes: a case-based update. Childs Nerv Syst. 26(12):1669-74, 2010

5. Koutsouraki E et al: Kimmerle's anomaly as a possible causative factor of
chronic tension-type headaches and neurosensory hearing loss: case report
and literature review. Int J Neurosci. 120(3):236-9, 2010

6. SharmaV et al: Prevalence of ponticulus posticus in Indian orthodontic
patients. Dentomaxillofac Radiol. 39(5):277-83, 2010
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9. Young JP et al: The ponticulus posticus: implications for screw insertion into
the first cervical lateral mass. J Bone Joint Surg Am. 87(11):2495-8, 2005

10. Cushing KE et al: Tethering of the vertebral artery in the congenital arcuate
foramen of the atlas vertebra: a possible cause of vertebral artery dissection
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11. Wight S et al: Incidence of ponticulus posterior of the atlas in migraine and
cervicogenic headache. J Manipulative Physiol Ther. 22(1):15-20, 1999
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Ossiculum Terminale

KEY FACTS

TERMINOLOGY PATHOLOGY
e Synonym: Ossiculum terminale persistens e Terminal ossicle normally appears by 3 years of age, fuses
e Persistence of unfused odontoid tip ossification center into with odontoid body by 12 years of age

adulthood e Terminal ossicle located above transverse ligament
IMAGING o Atlantoaxial instability less common than with os

odontoideum

e Separate ossicle with intact cortical margin positioned o Unstable ossiculum terminale usually dystopic

above normal-sized odontoid process in adolescent or adult
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o May be dystopic or orthotopic CLINICAL ISSUES
e Soft tissue pannus suggests atlantoaxial instability e Usually asymptomatic
e Myelomalacia, brainstem compression in rare cases e Uncommonly, neck pain or myelopathy related to CVJ
TOP DIFFERENTIAL DIAGNOSES instability
e Osodontoideum DIAGNOSTIC CHECKLIST
e Type | or Il odontoid fracture e Consider ossiculum terminale in patients > 12 years with
e Normal unfused odontoid tip synchondrosis persistent terminal ossicle at odontoid tip
e Degenerative remodeling of odontoid process e Evaluate for atlantoaxial instability if dystopic ossicle,

excessive soft tissue pannus, or trisomy 21 patient

(Left) Sagittal bone CT
demonstrates a small

ossiculum terminale
located adjacent to the
odontoid tip. The ossicle is in
orthotopic position, and CVJ
alignment is normal. (Right)
Coronal bone CT confirms
orthotopic placement of a
small orthotopic ossiculum
terminale B3. Note that there
is minimal flattening of the
odontoid tip adjacent to the
ossicle, supporting
classification as a persistent
terminal odontoid ossicle.

(Left) Sagittal bone CT reveals
a small dystopic ossiculum
terminale B2 positioned
between the odontoid tip and
clivus. The odontoid tip has
remodeled. (Right) Sagittal
bone CT shows subluxation of
the anterior C1 ring B3
relative to the nearly normal-
sized odontoid process B3,
There is a large dystopic
ossiculum terminale B2.
Although debatable, the
nearly normal size of the
odontoid process favors
classification as an ossiculum
terminale rather than os
odontoideum.
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