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Preface

Xpij 8¢ mp @rov uév yiyvedrokery Ty pivery this poyiog, of n tic
EoTiv' & OIS Yp vovonuata tpocdéol v AUTH. ...
Trrokparovg «mept dpbpwvy XLV

One should first get knowledge of the structure of the
Spine; for this is also requisite for many diseases....

Hippocrates “On Joints” XLV

The cervical spine represents a quite vulnerable area of the human
skeleton, involved in many traumatic and medical conditions. There-
fore, understanding the problems and managing the patients with dis-
orders of the cervical spine is challenging. Of all the cervical vertebrae,
the second has a particular interest. The second cervical vertebra is
called “axis” or “epistropheus”, names derived from the ancient Greek
alwv (axon) or emiatpopeds (epistrofefs) that indicate its function: it
forms the pivot upon which the first cervical vertebra (the atlas), which
carries the head, rotates. The most distinctive characteristic of this bone
is the strong odontoid process (the dens), a tooth-like process that rises
perpendicularly from the upper surface of axis’ body.

The unique anatomy, structure, position under the head, and the
wide pathology of the axis vertebra is involved was a stimulus to
undertake the scientific task to write a book focused on the disorders of
this particular vertebra, aiming to provide useful and concrete infor-
mation with adequate illustrations for the readers.

The book is separated in four parts that include chapters written by
colleagues, experts in their field. The first part provides the embryology,
the anatomy, and the biomechanics of the axis. The second part includes
a thorough description of the injuries of the axis, with particular
emphasis to the fractures of the odontoid process, the body, and the
posterior arch of the axis. In the third part, the surgical approaches to
the axis are thoroughly described with explanatory illustrations. In the
last part, the congenital anomalies, infections, and tumors of the axis are
discussed. Each chapter addresses the specific subject, and includes
detailed information, and a list of references for further reading. All
chapters are appropriately illustrated with photographs, line drawings,
and radiographs.

I am grateful and honored for the colleagues who have kindly
contributed and shared material, thoughts, and knowledge for the
writing of their chapters. I should especially thank my colleague
Andreas F. Mavrogenis who assisted me throughout the preparation of
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this book. Finally, I wish to thank Springer Verlag editions of Italy for
their help and recommendations throughout the writing and review
process of The Axis Vertebra.

It is my hope that the readers will find this book useful from the
perspective of obtaining the diagnosis and understanding the manage-
ment of the patients with disorders of the axis vertebra.

Demetrios S. Korres
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Embryology

Dimitrios-Stergios Evangelopoulos

1.1 Embryonic Phase

Development of the body’s shape begins during
gastrulation, a process in which a trilaminar
embryonic disk is created from a bilaminar disk.
In this phase, during the 3rd week, the primitive
streak, well-defined germ layers and the noto-
chord are developed. At this time, epiblastic
cells migrate from the deep surface of the
primitive streak and form the embryonic endo-
derm [1-4]. Subsequently, cells continue to
migrate from the primitive streak, creating the
embryonic mesoderm. The cells that remain on
the epiblastic side of the embryonic disk form
the embryonic ectoderm. Cells migrating
through the primitive node, at the cranial end of
the primitive streak, give rise to the notochordal
process that would later develop into the noto-
chord. On both sides of the notochord, the
mesoderm differentiates into paraxial, interme-
diate and lateral mesoderm. Paraxial mesoderm
divides into paired bodies, the somites, located
bilaterally of the neural tube [1, 2, 4].

The notochord and somites are the most
important structures for the development of the
future vertebral column [1]. Initially, 4244
pairs of somites are formed. Each one differen-
tiates into sclerotomes, giving rise to vertebrae

D.-S. Evangelopoulos (D<)
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and ribs and dermomyotomes for the muscles
and the overlying skin. During the 4th week,
mesenchymal cells of the sclerotome migrate
and surround the notochord and neural tube.
Once surrounded, each level separates into cra-
nial and caudal areas between which the inter-
vertebral disk gradually develops. Two
sclerotomes are required for the proper devel-
opment of a complete vertebra [1, 4]. Fusion of
cranial and caudal parts of the adjacent sclerot-
omes creates the centrum that will further
develop into the mesenchymal vertebral body.
Similarly, mesenchymal cells surrounding the
neural tube will give rise to the development of
the vertebral arch [4].

During the 6th week, following cell migration
and the onset of fusion of vertebral structures,
vertebral bodies are subjected to an initial phase
of chondrification followed by a second phase of
ossification after the disintegration of the noto-
chord. During this period, the developing verte-
bra enlarges and is subjected to structural
changes, preserving its original shape. Chondri-
fication starts at the beginning of the 6th week, at
the level of the cervicothoracic junction and then
proceeds cranially and caudally transforming
somites into primary vertebrae. Four centers can
be detected: two in each centrum that will fuse at
the end of the embryonic period, contributing to
the development of the vertebral body and two
at the isthmus, bilaterally, for the development of
vertebral arches. Fusion between body and
arches occurs at the end of the 8th week at the
initiation of the ossification phase [1-5].

DOI: 10.1007/978-88-470-5232-1_1, © Springer-Verlag Italia 2013
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1.2  Prenatal Period

During this period, ossification centers can be
found in three main vertebral regions: one in the
centrum and one on each side of the vertebral
arch [4, 5]. The vertebral body will articulate
with the vertebral arch at the neurocentral joints
at birth. Fusion occurs later on, between the age
of 5 and 8 years. The two pieces of the arch
begin to fuse during the first year of life with
complete fusion occurring by the age of 6 years
[1, 4]. The five secondary ossification centers
that will form after birth, as described by Moore
et al. are one for the tip of each transverse pro-
cess, one for the extremity of the spinous pro-
cess, one for the upper and one for the lower
surface of the body (Fig. 1.1) [1, 2, 4]. Ossified
bone deriving from the secondary centers will
contribute to the formation of growth plates.
Absence and/or asymmetry of growth plates is
believed to contribute to the development of
congenital defects. Additionally, defects in both
chondrification and ossification may lead to the
development of known congenital abnormalities.

Molecular signals from the notochord are
responsible for the differentiation, chondrifica-
tion and ossification of the vertebrae [6]. The
notochord along with several genes as well as
the involved signaling pathways enables the
proper development of the vertebrae and the
nervous system.

Torklus et al. accurately described the
development of the axis body. The authors
reported a detailed description on the five cen-
ters of ossification of the axis vertebra. The

Fig. 1.1 Development of the axis. The five primary
[Fig. 1.1a: body (1), dens (2, 3), lateral masses (4, 5)] and
two secondary [Fig. 1.1b: inferior epiphyseal plate (6),
Bergmann’s (7)] centers

process initiates at the second fetal month,
through perichondral ossification, on the two
posterolateral centers from the arch of the axis
[6, 7]. Their anterior expansion contributes to
the ossification of the vertebral body. At the fifth
fetal month, one median ossification center gives
rise to a significant section of the vertebral body
while two primary ossification centers arising
cranially to the median center give rise to the
dens axis through cranially directed ossification,
remaining separated from the body’s ossification
center through subdental synchondrosis.

The odontoid process represents a distinct
process lying separated cranially to the body of
the axis since its primitive development. Wang
et al. reported that this synchondrosis is restric-
ted to the medial border of the superior articular
facets of the axis [8]. However, in the study of
Torklus et al. during development, the odontoid
process together with the subdental synchon-
drosis is shown to countersink into the corpus of
the axis as being an independent anatomical
structure, the basis of the odontoid process [5,
7]. Several authors concluded that the syndes-
mosis represents a bipolar growth zone located
below the level of the atlantoaxial articulation,
contributing to the height of the base of the dens
and the vertebral body [9-11]. Highlighting
these results, Cokluk et al., in their MRI study
on the upper cervical spine of pediatric and adult
patients, demonstrated the independent structure
of the odontoid process and recognized the
remnants of the subdental syndesmosis as a
hypointense ring located well below the level of
the superior articulating facets [12].

The distinct development of the odontoid
process compared to the body of the axis neces-
sitates reconsideration of the Anderson-
D’Alonso classification of odontoid process
fractures [13, 14]. Additionally, the base of the
odontoid process and the subdental region, apart
from the unique anatomy, distinct anatomical
features of the region and different origin, dem-
onstrates delayed ossification, compared to the
body and the neck of the odontoid process,
leading to altered age-related structural and bio-
mechanical properties (Fig. 1.2) [14]. For the
above-mentioned, to achieve optimal treatment
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Fig. 1.2 pQ-CT analysis demonstrating delayed ossifi-
cation of the basis of the dens and the subdental region,
compared to the body and the neck of the dens

and allow accurate prognosis, fractures at the
base of the odontoid process should be considered
as a separate trauma entity in the different fracture
classification systems and not as an extension of
fracture lines from the body of the axis.
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Anatomy

Andrés Combalia

A thorough knowledge of the anatomy of the
cervical spine is essential for the performance of
surgical procedures. Recent qualitative and
quantitative studies using cadaver dissection,
computed tomography, and magnetic resonance
imaging have continued to add to our knowledge
of the dimension of and the clinically relevant
relations between cervical spine structures. This
chapter discusses the normal anatomy of the
second cervical vertebra and its relations.

2.1 Osseous Components

of Craniocervical Junction

The first (atlas) and second (axis) cervical ver-
tebrae are considered atypical compared with
those of the lower cervical spine. Atlas lacks a
body and a spinous process. It is a ring-like
structure consisting of two lateral masses con-
nected by a short anterior arch and a longer
posterior arch. It is the widest cervical vertebra,
with its anterior arch approximately half as long
as its posterior arch (Fig. 2.1). Located in the
midline of the anterior arch is the anterior
tubercle for the attachment of the anterior
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longitudinal ligament and the longus colli mus-
cles. The posterior arch corresponds to the
lamina of the other vertebrae. On its upper sur-
face is a wide groove for the vertebral artery and
the first cervical nerve. In 1-15 % of the popu-
lation, a bony arch may form, thereby converting
this groove into the arcuate foramen, through
which passes the same structures [1-3]. On the
posterior arch is a posterior tubercle for attach-
ment of the ligamentum nuchae. The lower
surface is notched, which contributes to the
formation of the C2 intervertebral foramen. The
lateral masses of the atlas give rise to a superior
and inferior articular facet. The transverse pro-
cess is larger than that of other cervical verte-
brae and is composed solely of a posterior
tubercle that, with the costotransverse bar that
attaches to the lateral mass, contains the foramen
transversarium. An important anatomic feature
of the atlas is the inward projection of a prom-
inent tubercle of bone on each side cranial and
medially to the lateral masses. These structures
give rise to the transverse ligament that keeps
the dens confined to the anterior third of the
atlantal ring. This relation allows free rotation of
the atlas on the dens and axis and provides,
together with the other ligaments for a stable
configuration in flexion, extension and lateral
bending [4].

The axis is also known as the epitropheus. It
is characterized by a dens or odontoid process
that projects upward from the vertebral body to
articulate with the posterior aspect of the ante-
rior arch of the atlas (Fig. 2.2). The dimensions

DOI: 10.1007/978-88-470-5232-1_2, © Springer-Verlag Italia 2013
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(a)

Lateral mas

Anterior ubercle
Anterior arch

Sulcus for vertebral artery

Anterior tubercle
Lateral mass

Anterior tubarcle

r articular fovea

Transverse process

/ Inferior articular fovea

Lateral mass

Fig. 2.1 The atlas: a cranial view, b caudal view, ¢ anterior view, d posterior view

of the dens are highly variable: Its mean height
1s 37.8 mm, its external transverse diameter is
9.3 mm, internal transverse diameter is 4.5 mm,
mean anteroposterior external diameter is
10.5 mm, and internal diameter is 6.2 mm [5].
Lateral to the dens, the body has a facet for the
lower surface of atlas’ lateral mass, which is
large, slightly convex, and faces upward and
outward. It is not a true superior articular pro-
cess because the articular surface arises directly
from the body and pedicle lateral to the dens.
The zone between the lamina and the lateral
mass is not well defined and comprises a large
pedicle/isthmus that is 10 mm long and 8 mm
wide [6]. It projects superiorly and medially in
an anterior direction. The lower surface of the
lateral mass has a forward-facing facet that
articulates with the superior articular process of
C3. Axis’ pedicle/isthmus plays an important
role regarding screw purchase for spinal fixation.
The location of axis’ pedicle remains a subject
of controversy. Although some authors have
reported that the pedicle connects the vertebral

body to the superior articular process [7, 8],
others have defined the pedicle as the portion
beneath and posterior to the superior facet [9—
12]. There is a confusion regarding the termi-
nology of these structures. A pedicle is a portion
of the vertebrae connecting the ventral and
dorsal elements. Although this is valid for all
subaxial vertebrae, the axis’ pedicles are ana-
tomically unique. Although the superior articular
process is a posterior element of the vertebra
(i.e., posterior to vertebral body in the axial
plane) in all subaxial vertebrae, an inspection of
the axis reveals that its superior articular process
is not anatomically posterior to the vertebral
body. Naderi et al. [13] studied 160 axis’ pedi-
cles (80 dry vertebrae). The isthmus (pars int-
erarticularis) and the pedicle are distinct
structures. The axis does not have an isolated
pedicle, which can be observed in the subaxial
vertebrae. There exists a complex containing the
pedicle inferiorly and the isthmus superiorly.
Whereas the isthmus connects the superior and
inferior articular processes, the true pedicle
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Fig. 2.2 The axis: a anterior view, b posterior view, ¢ lateral view, d cranial view, and e caudal view

connects the lateral mass and inferior articular
process to the vertebral body.

The pedicle of the axis is covered by the facet
joint and integrated with the isthmus. Therefore,
for Naderi et al. [13], it is more appropriate to
term these two components as the pediculoisth-
mic components (PIC) due to the fact that

although both are distinct structures they are
closely integrated. The axial PIC is posterolateral
to the vertebral body, medial to the transverse
foramen, originates posterolaterally from the
lateral mass and inferior articular process junc-
tion, and ends anteromedially at the vertebral
body—odontoid process junction. It is grooved
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laterally by the transverse foramen. The axis’
isthmus covers the pedicle. The heights of the
right and the left PICs in the Naderi et al. study
were 10.3 £ 1.6 and 9.9 £ 1.5 mm, respec-
tively. The posterior part of the superior aspect of
the PIC is wider than the anterior portion. The
widths of the posterosuperior aspect of the PIC
were 11.1 &2 and 11 £ 1.7 mm on the right
and left sides, whereas the widths of the antero-
superior aspect of the PIC were 7.9 £ 1.7 and
8.5 &+ 1.6 mm, respectively. The inferior widths
of this component were 6.0+ 1.5 and
55+ 1.3 mm on the right and left sides,
respectively. The lengths of the component were
28.8 £ 2.9 mm on the right and 28.8 £+ 3.4 mm
on the left side [13]. The PIC exhibits a lateral-
to-medial angle and an inferior-to-superior angle.
Its axial angles were 28.4°+2.5° and
28.6° & 2.2° on the right and left sides, respec-
tively; its sagittal angles were 18.8° £ 2.1° and
18.8° &+ 1.7°, respectively. In summary, axis’
pedicle can be seen in the inferior aspect of the
vertebra, and it connects posterior vertebral ele-
ments (i.e., the lateral mass and inferior articular
process) to the axial body. The isthmus or pars
interarticularis drapes the pedicle.

The laminae of the axis are thick, and the
spinous process is large and bifid. The transverse
process ends in a single tubercle and contains a
foramen transversarium. Cassinelli et al. [14]
measured the laminar thickness (LT) in the
narrowest laminar section in American popula-
tions and reported that more than 70.6 % of the
specimens they studied had a LT > 5 mm. Mean
laminar thickness was 5.77 £+ 1.31 mm; 92.6 %
had a thickness >4.0 mm. The spinolaminar
angle was 48.59° 4 5.42°. Ma et al. [15] eval-
uated axis’ lamina in Asian population. A total
of 83.3 % specimens had bilateral laminar
thicknesses >4.0 mm and a spinous process
height >9.0 mm. Wright in 2004 [16] described
a new technique for fixation involving bilateral,
crossing laminar screws. More than 99 % of
specimens in the Cassinelli study had an esti-
mated screw length of at least 20 mm. Gender
had a significant effect on all of the measure-
ments studied. It is not likely, however, that all
of these differences are clinically significant.

White males had the thickest laminae, while
white females had the thinnest. Laminar thick-
ness was 0.46 mm (8.3 %) less in females than
in males. There was no statistical effect of
patient race, height, or weight on any of the
measurements [14]. Several other studies
examining the LT came to similar conclusions:
Most of the specimens they examined had an LT
larger than the diameter of the commonly used
cervical screw (3.5 mm). Although the mini-
mum laminar thickness required to allow for
safe placement of a screw was not described,
there is a common idea that a thickness >5 mm
with a precise screw trajectory may be accept-
able [17, 18].

The spinal nerve exits posterior to the supe-
rior articular surface of the axis rather than
anterior to the articular complex, as spinal
nerves do at other levels. Large pediculoisthmic
structures and a deeper spinal canal are two
factors that allow increased mobility at the axis
without cord encroachment. The density of the
trabecular bone of the axis varies: It is very
dense near the center of the tip of the dens and
lateral masses beneath the superior articular
surface, and hypodense in the area of the tra-
becular bone immediately beneath the dens. An
area of cortical thickening on the anterior sur-
face of the axis, known as the promontory of the
axis, underlies the insertion of the anterior lon-
gitudinal ligament [19, 20].

The occipital condyles have also been thor-
oughly described. The occipital condyles are the
paired lateral prominences of the occipital bone
that form the foramen magnum together with the
basioccipital segment anteriorly and the supra-
occipital or squamosal segment posteriorly. The
occipital condyles are commonly oval or bean
shaped and slope inferiorly from lateral to
medial in the coronal plane. The condyles make
an angle of 25°-28° with the midsagittal plane.
The occipitoatlantal articulations are cup-shaped
paired joints between the convex occipital con-
dyles and the concave superior atlantal facets.
The condylar part of the occipital bone is per-
forated by the hypoglossal or anterior condyloid
canal/foramen. Two structures travel through
this canal; the hypoglossal nerve (cranial nerve
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Hypoglossal nerve
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Fig. 2.3 Occipital condyles: a caudal view of the cranium, b paramedian section passing through the right occipito—

atlas—axis joints

XII) exits the skull, while a meningeal branch of
the ascending pharyngeal artery enters it
(Fig. 2.3). Behind the occipital condyles, there is
an indentation known as the condyloid fossa,
which is frequently perforated by the posterior
condylar foramen. And emissary vein runs
through the posterior condylar canal from the
sigmoid sinus. Sometimes there is also an artery
which anastomoses with the posterior meningeal
artery. Cranial nerves IX to XI, the inferior
petrosal sinus, the internal jugular vein, and the
posterior meningeal artery travel lateral to the
occipital condyles in the jugular foramen.

The spinal canal is formed by sequential
vertebral foramina and is triangular with roun-
ded edges. It has a greater lateral than AP width
and is more spacious in the upper cervical spine,
with sagittal diameters averaging 23 mm at the
atlas and 20 mm at the axis. In comparison, the
average diameter from C3 through C6 ranges
between 17 and 18 mm and decreases to 15 mm
at C7 [21]. Thus, the cross-sectional area of the
cervical spinal canal is greatest at the axis and
smallest at C7.

2.2 Articulations, Biomechanics,

and Ligaments

The craniovertebral junction is composed of 2
major joints: the atlantooccipital and the

atlantoaxial joints. These joints are responsible
for the majority of the movement of the cervical
spine and operate on different biomechanical
principles. The mechanical properties of the
atlantooccipital joint are primarily determined
by bony structures, whereas the mechanical
properties of the atlantoaxial joint are mainly
determined by ligamentous structures [22]. The
prominent movements at the atlantooccipital
joint are flexion and extension.

The various movements at this joint occur
because the condyles glide in the sockets of the
atlas [23]. Panjabi et al. [24] found the atlanto-
occipital joint to be responsible for 27.1° of
flexion and 24.9° of extension. They also noted
that about 8° of axial rotation can take place at
this joint, as well as minimal lateral and anter-
oposterior translation. Steinmetz et al. [22]
reported similar values, with a mean movement
of 23°-24.5° of flexion/extension, whereas axial
rotation was limited to 2.4°-7.2°. They reported
that flexion was limited by impingement of the
odontoid process on the foramen magnum, and
extension was restricted by the tectorial mem-
brane. Lateral flexion is strongly inhibited at the
atlantooccipital joint by the contralateral alar
ligament [25]. The primary movement at the
atlantoaxial joint is axial rotation. Steinmetz
et al. [22] reported that the mean axial rotational
movement was between 23.3° and 38.9°.
Menezes and Traynelis [23] noted that axial
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rotation beyond 30°-35° can cause vertebral
artery occlusion. Flexion and extension at the
atlantoaxial joint range from 10.1° to 22.4° and
are limited by the transverse ligament and tec-
torial membrane, respectively. Lateral bending
is restricted to 6.7° by the contralateral alar
ligament. Although these two joints function
differently, they must act in unison to ensure
optimal stability and mobility at the craniover-
tebral junction.

The atlantooccipital complex is composed of
two membranous attachments between the atlas
and the occiput and the two synovial atlantooc-
cipital joints laterally. The atlantooccipital joints
are formed between the superior articular facet of
the atlas and the occipital condyle. These joints
contain a synovial membrane and are surrounded
by a capsular ligament. Also contributing to the
complex are the anterior and posterior atlanto-
occipital membranes, connecting the anterior and
posterior arch of the atlas with the corresponding
margin of the foramen magnum. The anterior
atlantooccipital membrane blends on its lateral
edges with the capsular ligaments of the synovial
joints and inferiorly with the anterior longitudi-
nal ligament. The posterior atlantooccipital
membrane blends laterally with the capsular

ligaments of the synovial joints and is pierced on
each side just above the posterior arch of the atlas
by the vertebral artery and the first cervical nerve
(Fig. 2.4) [1].

The atlantoaxial complex is composed of
three synovial joints, one median and two lat-
eral. The lateral atlantoaxial joints consist of an
encapsulated synovial joint between the inferior
articular facet of the atlas and the superior
articular surface of C2 (Fig. 2.3b). The capsule
is reinforced posteriorly by an accessory liga-
ment that extends from the posterior aspect of
the axis superiorly and laterally to the lateral
mass of the atlas [25]. This accessory atlanto-
axial ligament runs at the lateral edge of the
tectorial membrane and is sometimes called the
“accessory part of the tectorial membrane”. In a
thorough description by Tsakotos et al. [26], the
attachment of the tectorial membrane and the
accessory atlantoaxial ligament was 0.6—1.1 cm
(mean 0.9 cm) inferior to the internal opening of
the anterior condylar canal (hypoglossal canal)
and posterior to the cephalic attachment of the
alar ligament. The maximal tension of the
accessory atlantoaxial ligament was observed
during rotation of the head at 5°-8°. The liga-
ment remains lax with cervical extension and

Fig. 2.4 Median section
at craniovertebral junction
showing atlantooccipital
and atlantoaxial ligaments
and anatomic structures

Post. atlanto-occ
membrane

Post. C1 arch

Clivus

Vertebral artery

Ant. atlanto-occ membrane
Apical ligament

Duramater

Tectorial membrane

Alar ligament
Transverse ligament with

superior and inferior cruciate
ligament

Ant. longitudinal ligament

Post. longitudinal ligament
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shows no tension during cervical flexion. Its
function seems to assist the alar ligament in
inhibiting excessive rotation of the head, since
its maximal tautness ranges from about 5° to
10°. The median atlantoaxial joint forms
between the anterior arch and transverse liga-
ment of the atlas and the dens. It is a pivot joint
with synovial membrane and capsular ligaments
anteriorly and posteriorly to the dens. The cru-
ciate or cruciform ligament is composed of the
transverse ligament of the atlas and the superior
and inferior ligamentous extensions that connect
it to the anterior edges of the foramen magnum
and posterior aspect of axis’ body, respectively.
The transverse ligament attaches laterally to a
small tubercle located on the medial aspect of
the lateral mass of C1, where it blends with the
lateral mass (Figs. 2.4, 2.5, 2.6). The length of
the transverse ligament averages 21.9 mm. It is
the largest, strongest, and thickest craniocervical
ligament (mean height/thickness 67 mm) [25].
The transverse ligament maintains stability at
the atlantoaxial joint by locking the odontoid
process anteriorly against the posterior aspect of
the anterior arch of the axis, and it divides the
ring of the atlas into two compartments: the
anterior compartment houses the odontoid

Fig. 2.5 Transversal
section at atlanto—odontoid
joint

Carotid artery

process, and the posterior compartment contains
primarily the spinal cord and spinal accessory
nerves. The ligament also has a smooth fibro-
cartilaginous surface to allow the odontoid pro-
cess to glide against it [23]. The tectorial
membrane, epidural fat, and dura mater are
located dorsal to the transverse ligament. The
biomechanical data reported by Fielding et al.
[27] demonstrated that the transverse ligament is
the primary defense against anterior subluxation
of the atlas on the axis and that it is relatively
inelastic, only allowing Cl to subluxate
approximately 3—5 mm before rupturing.

The axis has three other connections to the
occipital bone, the apical ligament, and the alar
ligaments. The apical ligament , also known as
suspensory ligament, extends from the tip of the
dens to the anterior edge of the foramen mag-
num. Panjabi et al. [24] reported the length of
the apical ligament to be 23.5 mm and a 20°
anterior tilt, describing the ligament as broad
and fan shaped at its insertion onto the basion.
They also reported the ligament as tightly
adherent to the overlying tectorial membrane.
The ligament runs in the triangular area between
the left and right alar ligaments known as the
supraodontoid space (apical cave) [28] and

Atlas anterior tubercle

Alar ligament
Transverse ligament

Vertebral artery
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Fig. 2.6 Posterior view of
the ligaments and joints at
craniovertebral junction

Vertebral Artery

travels just posterior to the alar ligaments and
just anterior to the superior portion of the cru-
ciform ligament. In 2000, Tubbs et al. [29]
conducted a cadaveric study focusing on the
apical ligament and found the mean length and
width to be 7.5 and 5.1 mm, respectively. They
also observed the ligament to be straight at the
midline with no fanning between the attachment
points. They did not observe any connection
between the alar and cruciform ligaments, and
the tectorial membrane.

An area between the apical ligament and the
superior extension of the cruciform ligament
was routinely found to be filled with connective
tissue, fat, and a small venous plexus. Interest-
ingly, they found the ligament to be present in
only 80 % of the cadavers. The alar ligaments
extend from the tip of the dens to the medial
aspects of each occipital condyle, with a small
insertion also on the lateral mass of the atlas
[30]. They average 10.3 mm long and run from
the posterolateral aspect of the odontoid process,
laterally forming an angle ranging from 125° to
210° with a mean of 154° [25]. An MR imaging
study conducted by Baumert et al. [31] found
that the alar ligament was oriented caudocra-
nially in 67 % of the cases and horizontally in
33 %. The alar ligaments function as stabilizing

Alar ligament

rse ligament with
- and inferior
cruciate ligament

structures of the atlantoaxial joint and act to
limit axial rotation and lateral bending to the
contralateral side. They are the only ligaments,
except the transverse ligament, which are strong
enough to stabilize the craniocervical junction
and prevent anterior displacement of the atlas. If
the transverse ligament ruptures, the alar liga-
ments become responsible for preventing atlan-
tal subluxation. Fielding et al. [27] reported that
the alar ligaments alone are not as strong as the
transverse ligament. The alar ligaments serve as
secondary restrictions of the atlas to anterior
shift [27]. Following the rupture of the trans-
verse ligament, a mean force of 72 kg was
needed to stretch the alar ligament to create a
predental space of 12 mm, and any subluxation
greater than 12 mm caused the alar ligament to
rupture. Similarly, Dvorak et al. [30] noted that
the transverse ligament could withstand a load of
350 N, whereas the alar ligament could only
withstand 200 N before rupturing. The alar lig-
ament limits the axial rotation on the contralat-
eral side to about 90°. Sometimes there is a
ligamentous connection between the base of the
dens and the anterior arch of the atlas (anterior
atlantodental ligament) . In a recent work by
Tubbs et al. [32], the anterior atlantodental lig-
ament was found in 81.3 % of 16 specimens
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dissected. The attachment of each ligament was
consistent and travelled between the base of the
anterior dens to the posterior aspect of the
anterior arch of the atlas in the midline and just
inferior to the fovea dentis. The ligament was
roughly 4 x 4 x 4 mm in all specimens.

The tectorial membranes extend from the
posterior body of the axis and the posterior
longitudinal ligament to the upper surface of the
basilar portion of the occipital bone and the
anterior aspect of the foramen magnum. This
membrane covers all other occipitoaxial liga-
ments as well as the dens. Thus, anterior to the
spinal canal at the level of the craniocervical
junction, the ligaments are arranged with the
anterior atlantooccipital membrane most anteri-
orly followed (in an anterior-to-posterior direc-
tion) by the apical, the alar, and the cruciate and,
most posteriorly, the tectorial [1]. The tectorial
membrane firmly adhered to the cranial base and
body of the axis but not to the posterior odontoid
process [24]. Other ligaments have been
remembered and described in recent publica-
tions by Tubbs et al. [25, 33].

The transverse occipital ligament (TOL) is a
small accessory ligament of the craniovertebral
junction that is located posterosuperior to the
alar ligaments and odontoid process. It attaches
to the inner aspect of the occipital condyles,
posterosuperior to the alar ligament, superior to
the transverse ligament, and extends horizontally
across the foramen magnum. Tubbs et al. [33]
have identified it in 7 (77.8 %) of 9 human
cadavers. Dvorak et al. [34] stated that the TOL
was only present in about 10 % of the popula-
tion, whereas Lang [35] identified the TOL in
approximately 40 % of their specimens. The
discrepancies in the occurrence of the TOL in
specimens could be due to the proximity and
similar morphology to the alar ligament. Clini-
cally, the TOL may be encountered during a
transoral odontoidectomy.

The Barkow’s ligament, rarely described, is a
horizontal band attaching onto the anteromedial
aspect of the occipital condyles anterior to the
attachment of the alar ligaments. This ligament
is located just anterior to the superior aspect of
the dens with fibers traveling anterior to the alar

ligaments, but there is no attachment to these
structures. Tubbs et al. [36] found the ligament
to be present in 12 (92.3 %) of 13 cadavers,
observing an attachment between the Barkow’s
ligament and the anterior atlantooccipital mem-
brane at the midline in 9 specimens (75 %).
The articulation between the axis and the
third vertebra has the same anatomic character-
istics of the subaxial cervical spine. The bodies
of the cervical vertebrae are connected by two
longitudinal ligaments and the intervertebral
disks. The anterior longitudinal ligament is a
broad, thick ligament that runs longitudinally
anterior to the vertebral body and disk. It is
joined loosely to the periosteum of the anterior
vertebral bodies and closely to the annulus fi-
brosus of the anterior vertebral disk and attaches
superiorly to the anterior tubercle of the atlas.
The posterior longitudinal ligament (PLL)
lies within the vertebral canal on the posterior
aspect of the vertebral bodies and intervertebral
disks. Superiorly, it is continuous with the tec-
torial membrane and thus attaches to the occip-
ital bone and anterior aspect of the foramen
magnum. As it descends, it narrows behind each
vertebral body but spreads out at the disk level,
where it is adherent to the annulus fibrosis.

2.3  Neural Elements
The spinal cord extends from the foramen
magnum above, where it is continuous with the
medulla oblongata. With its surrounding
meninges, it lies within the vertebral or spinal
canal, which is formed by sequential vertebral
foramina. The anterior wall of the spinal canal is
formed by the posterior border of the interver-
tebral disks and cervical vertebral bodies. The
lateral wall consists of the pedicles and succes-
sive intervertebral foramina, through which the
spinal nerves exit. Posteriorly, the articular
processes laterally and the ligamentum flavum
and the lamina medially and posteriorly form the
final borders of the spinal canal [1].

The first cervical spinal nerve exits between
the occiput and the atlas through an orifice in the
posterior atlantooccipital membrane just above
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the posterior arch of the atlas and posteromedial
to the lateral mass of the atlas. Just beyond the
dorsal root ganglion and usually just outside the
intervertebral foramina, the cervical spinal
nerves divide into dorsal and ventral primary
rami. Its ventral primary ramus unites with the
second cervical ventral primary ramus and
contributes fibers to the hypoglossal nerve(this is
also known as the superior root of the ansa
cervicalis); the dorsal primary ramus of the C1
nerve root—also known as the suboccipital
nerve—enters the suboccipital triangle and
innervates the muscles of this region. It has
usually no cutaneous branch [1, 37, 38].

The second cervical nerve emerges between
the posterior arch of the atlas and the lamina of
the axis just posterior to its lateral mass (Fig. 2.7).
Its dorsal rami are much larger than its ventral
rami and are the largest of all the cervical dorsal
rami. The medial branch of the dorsal rami, or
greater occipital nerve, runs transversely in the
soft tissue dorsal to axis’ lamina, turning cranial
around the muscle belly of the obliquus capitis
inferior muscle, piercing the semispinalis capitis
muscle, and then eventually entering the scalp
with the occipital artery through an opening
above the aponeurotic sling between the trapezius
and the stemocleidomastoid.

Fig. 2.7 Dissection of the
posterior aspect of C1-C2
showing vertebral artery
and the second cervical
nerve and ganglia

2.4  Vertebral Artery

The major source of blood for the osseous and
neural elements of the cervical spine is the ver-
tebral arteries, which arise from the first part of
the subclavian artery medial to the scalenus
anterior and ascend behind the common carotid
artery between the longus colli and the scalenus
anterior. They are crossed by the inferior thyroid
artery and on the left by the thoracic duct. In the
lower cervical region, they lie anterior to the
ventral rami of the seventh and eight cervical
nerves and to the transverse process of the sev-
enth cervical vertebra. The vertebral artery usu-
ally enters the transverse foramen of C6 and
ascends through the transverse foramina from C6
through the axis, in front of the ventral rami of
the cervical nerves. In this region, they lie within
a fibro-osseous tunnel, fixing it to adjacent
structures via a trabeculated collagen network.
Vertebral arteries are surrounded by a venous
plexus and sympathetic nerve fibers [1, 39].

At the level of the atlas, the vertebral arteries
pass through the vertebral foramen of the atlas
and travel posteriorly and medially behind the
lateral mass and then superiorly from the pos-
terior arch of the atlas. As mentioned, in 1-15 %
of the population, a bony arch may form, thereby

C1 lateral mass ‘ﬁ

.

- C2 ganglia
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converting this groove into the arcuate foramen
[3]. The arteries then pierce the posterior atlan-
tooccipital membrane, turning anteriorly and
cephalad through the foramen magnum joining
to form the basilar artery. Just before forming
the basilar artery, the vertebral arteries give off
branches anteriorly that join to form the single
anterior spinal artery. This artery runs within the
anterior median fissure of the spinal cord, pro-
viding blood supply to roughly the anterior two-
thirds of the spinal cord.

The posterior third of the spinal cord is sup-
plied by two posterior spinal arteries, which
arise from either the vertebral artery or the
posterior inferior cerebral arteries. The nerve
roots are supplied by radicular branches from the
spinal arteries. Anomalies of the vertebral artery
in the region of C1-C2 include fenestration or
intraspinal coursing and have been found to have
a prevalence of 0.3-2 % [40]. In patients having
osseous anomalies at the craniovertebral junc-
tion, the frequency of vertebral artery anomalies
at the extraosseous and intraosseous regions is
increased. With preoperative three-dimensional
computed tomography angiography, we can
precisely identify the anomalous vertebral artery
and reduce the risk of intraoperative injury to the
vertebral artery [41].

The blood supply of the cervical vertebral
bodies originates from segmental vessels off the
vertebral arteries. At each level, these branches
exit, passing anteriorly beneath the longus colli,
supplying the anterior vertebral body and the
anterior longitudinal ligament. Another branch
enters the intervertebral foramina and passes
anteriorly and superiorly, supplying the posterior
vertebral body and the posterior longitudinal
ligament. Other branches pass laterally from
within the spinal canal, supplying the laminae
and radicular branches to the spinal cord. The
outer surface of the laminae is supplied by other
branches of the vertebral artery that pass dorsally
before entering the intervertebral foramina [1].

The vascular supply to the odontoid process
is unique and worth mentioning. It is supplied by
paired ascending anterior and posterior arteries,
all of which arise from the vertebral arteries.
These arteries rise along the borders of the dens

Fig. 2.8 Posterior view of the vasculature of the odon-
toid process (Courtesy of Prof. R. Ramoén-Soler)

to form an apical arcade, which anastomoses
with the carotid system via anterior and posterior
horizontal arteries [39, 42, 43] (Fig. 2.8). The
alar and accessory ligaments also make vascular
contributions, as does an intraosseous supply
from the body of the axis. Whereas the clinically
observed problem of non-union of fractures of
the odontoid process has been attributed to a
scant blood supply, this does not appear to be the
primary causative factor [4]. Venous drainage of
the cervical spine occurs through internal and
external venous plexi. The external veins run
paired with the arteries described earlier. The
internal plexus lies within the spinal canal and
consists of a valveless series of epidural sinuses.
This complex of veins is continuous from the
cerebral sinuses distally to the pelvis. These
veins are most prevalent at the vertebral bodies
and thinnest at the disk spaces. They drain
through the intervertebral foramina into the cava
and azygos systems [39].
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Biomechanics

Vassilis A. Lykomitros

The human cervical spine has a unique anatomy
adapted to accommodate the needs and stability
of the highly mobile head-torso transition area.
This is achieved through the presence of the
upper cervical spine that includes the occipito-
atlantal (CO-C1) and the atlantoaxial (C1-C2)
joint complexes [1]. The internal architecture of
the axis has also been studied by many authors
[2, 3] and plays an important role to upper spinal
stability.

White and Panjabi [4] defined clinical sta-
bility as the ability of the spine under physio-
logic loads to maintain its pattern of
displacement so that there is no initial or addi-
tional neurologic deficit, no major deformity and
no incapacitating pain. They further defined
physiologic loads as loads that are incurred
during normal activity. These definitions have
been most useful when evaluating afflictions of
the cervical spine, be it from trauma, degenera-
tive conditions, tumors, or surgery. Atlantoaxial
instability (AAI) is characterized by excessive
movement at the junction between the atlas and
axis as a result of either a bony or a ligamentous
abnormality [4, 5].

The atlantoaxial (CI-C2) complex is com-
posed of two facet joints and the unique atlan-
todental articulation. Stability at this highly
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mobile area primarily depends on ligamentous
structures. Flexion and extension (sagittal plane)
motion has been reported by several authors to
be on average 11° and may be facilitated by a
rounded tip of the dens. Rotation in the upper
cervical spine represents 60 % of the entire
cervical spine rotation and has been reported to
be between 39° and 47° on each side. Lateral
bending is minimal [6] (Figs. 3.1 and 3.2).

The instantaneous axis of rotation (IAR) for
sagittal plane motion is located in the region of
the middle third of the odontoid process, and for
axial rotation it is located in the central axis of
the odontoid process. Posterior translation is
prevented by mechanical abutment of the ante-
rior portion of the atlas on the odontoid process.
Anterior translation is prevented primarily by
the transverse ligament. The paired alar liga-
ments, through their anterior atlantodental
component, provide secondary restraint. The
accessory atlantoaxial ligaments and capsular
ligaments are tertiary stabilizers. Anterior
atlantoaxial subluxation increases the predental
space. Up to 3 mm of anterior translation of the
atlas on the axis, as measured at the anterior
atlantodental interval (AADI), is normal. If this
interval is increased, the transverse ligament
must be attenuated, and if passes 6 mm or more,
the transverse ligament and accessory stabilizing
ligaments have been ruptured. The transverse
ligament also protects the atlantoaxial joint from
a rotatory dislocation . With the transverse
ligament intact, a complete bilateral dislocation
can occur at 65° of rotation. With transverse
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Fig. 3.1 Neutral zone

Co-C1 C1-C2 C2-C3
Flexion 33+18 46 =24 0.7 =06
Extension 139+ 4.1 8.7 +67 1.0+07
Axial rotation 25+16 396175 1.1+05
Lateral bending 3615 24+12 41+1.1

Fig. 3.2 Range of motion

Co-C1 C1-C2 C2-C3
Flexion 12+25 123+ 20 35+13
Extension 202 =456 121 £65 27+10
Axial rotation 99+30 56.7 = 4.8 33+08
Lateral bending 91+15 65+ 23 96138

ligament rupture, dislocation can occur at 45° of
rotation. Finally, the paired alar ligaments also
restrict rotatory motion, since sectioning of one
ligament will increase contralateral rotation [1].

Useful for determination of transverse liga-
ment integrity is the rule of Spence [7] that
states that if the amount of overhang of the lat-
eral mass of the atlas on the lateral mass of the
axis is greater than 6.9 mm, then the transverse
ligament is probably torn [8]. Atlantoaxial
instability is more common than occipito-cervi-
cal and can be the result of trauma, upper
respiratory infection, rheumatoid arthritis or
tumor, congenital anomalies, syndromes, or
metabolic diseases [8].

Patients with atlantoaxial subluxation have
sigmoid pattern in their time-displacement
curves in sagittal rotation [9]. In these cases,
atlantoaxial motion shows different points of the
onset of rapid increase in motion in their sig-
moid curves between flexion and extension. In
most of the patients with atlantoaxial instability,
subluxation occurred when the atlantoaxial
joints were still in a more extended position and
they were reduced when they were still in more
flexed position.

A V-shaped predental space is not indicative
of instability and can measure 0-18°, with a
mean value of 6° in neutral and 9° in flexion
[10]. In traumatic cases where a V-shaped pre-
dental space is discovered, it is possible that the
transverse ligament may be attenuated and the

anterior ring of the atlas hinges on the anterior
atlantodental ligaments, as described by Dvorak
and Panjabi [4, 11].

Sagittal plane axial instability is indicative of
an underlying pathologic process. Compressive
loads are transferred to the lateral mass articu-
lation of the C1-C2 joints. Fractures of the atlas
ring with disruption of the transverse ligament or
erosive destruction can result in basilar invagi-
nation. Total lateral displacement of >6.9 mm of
the lateral masses of the atlas over the masses of
the axis as measured in an anteroposterior
radiograph is indicative of a burst fracture of the
atlas with insufficiency of the transverse liga-
ment. Clinical stability at the occipito-cervical
and atlantoaxial joints is intimately linked
through their functional anatomy [12].

There are several disease processes and
common injuries that tend to affect the ligaments
of the craniocervical junction. The prevalence of
atlantoaxial instability in children with Down
syndrome is estimated to be between 9 and
30 %. This instability is thought to be due to
ligamentous laxity as well as osseous structural
abnormalities at the craniocervical junction [8,
12]. Odontoid fractures produced a slightly lar-
ger increase in atlantoaxial angular range of
motion than ligament disruptions but a smaller
increase in occipito-cervical range of motion.
The different injuries affect the neutral zone and
the position of atlantoaxial axis of rotation dif-
ferently [13].
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Biomechanics
of the Craniocervical Junction

3.1

The combination of the bony anatomy, joint
orientations and articulations, and ligamentous
attachments of the craniovertebral junction
allows rotation, flexion, extension, and, to a
lesser extent, lateral bending. The atlantoaxial
joints allow motion in flexion, extension, axial
rotation, and lateral bending, owing to the
biconvex and inherently unstable structure of the
joint [1]. The occipito-atlantoaxial complex
functions as a single unit that facilitates move-
ment of the head about the spine. A unique
aspect of this area is that the segmental struc-
tures between the occiput and the atlas and
between the atlas and axis do not provide any
significant stability. The loose joint capsules and
the thin atlantoaxial and atlantooccipital mem-
branes tolerate an extensive range of motion but
impart minimal stability. Rather, stability in the
occipito-atlantoaxial region is provided by the
internal ligaments and muscles directly between
the occiput and the axis.

The occipito-atlantoaxial region is particu-
larly vulnerable to injury in children younger
than 10 years of age [12]. The relatively large
head and shorter neck of the young child places
the fulcrum of the cervical spine within the
occipito-atlantoaxial complex. Impact involving
either the head or the torso can accelerate the
head relative to the torso to concentrate the
disruptive forces in the occipito-atlantoaxial
region. The occipito-atlantoaxial complex is also
inherently more unstable in this age group with
more pliant ligaments, underdeveloped muscu-
lature, smaller condyles, and horizontal joint
orientations. As a result, occipito-atlantoaxial
injuries in children are mostly ligamentous in
nature [8].

The pediatric atlantooccipital joint permits
10° of flexion and 25° of extension. The adult
atlantooccipital joint provides approximately
15° of flexion and extension. The remaining
flexion and extension of the cervical region
comes from the vertebral segments below.
Overall, the range of motion throughout the

cervical region is greater in children than in late
adolescents or adults. In children up to 10 years
of age, the flexion and extension are centered
around C2-C3, but this moves down to C4-C5
and C5-C6 after the age of 10 years. The axis
normally moves forward on the C3, up to
2-3 mm in pediatric patients. When the head is
flexed, this displacement is expected and can be
exaggerated in the presence of muscle spasm.
This pseudosubluxation does not represent
instability, even though significant angulation
may be present [8, 12]. The craniocervical
junction is composed of 2 major joints: the
atlantooccipital and the atlantoaxial joints.
These joints are responsible for the majority of
the movement of the cervical spine and operate
on different biomechanical principles. The
mechanical properties of the atlantooccipital
joint are primarily determined by bony struc-
tures, whereas the mechanical properties of the
atlantoaxial joint are mainly determined by lig-
amentous structures. The prominent movements
at the atlantooccipital joint are flexion and
extension. The various movements at this joint
occur because the condyles glide in the sockets
of the atlas. Panjabi et al. [4, 12] found the
atlantooccipital joint to be responsible for 27.1°
of flexion and 24.9° of extension. They also
noted that about 8° of axial rotation can take
place at this joint as well as minimal lateral and
axial rotation and anteroposterior translation.
Similar values are reported in the literature, with
a mean movement of 23-24.5° of flexion/
extension, whereas axial rotation was limited to
2.4-7.2° [12]. Flexion is limited by impinge-
ment of the odontoid process on the foramen
magnum, and extension is restricted by the tec-
torial membrane. Lateral flexion is strongly
inhibited at the atlantooccipital joint by the
contralateral alar ligament. The primary move-
ment at the atlantoaxial joint is axial rotation.
Steinmetz et al. [9] reported that the mean axial
rotational movement was between 23.3 and
38.9°. Flexion and extension at the atlantoaxial
joint range from 10.1 to 22.4° and are limited by
the transverse ligament and tectorial membrane,
respectively. Lateral bending is restricted to 6.7°



24

V. A. Lykomitros

by the contralateral alar ligament, and some very
minimal anteroposterior translation may occur at
this joint. Although these 2 joints function dif-
ferently, they must act in unison to ensure
optimal stability and mobility at the craniocer-
vical junction.

There is a wide range of atlantoaxial rotation
in normal subjects. At the extremes of physio-
logic rotation in healthy subjects, there is strik-
ing but incomplete loss of contact between the
articular surfaces of the atlas and the axis. The
range of rotation to the right was 20-48.5°
(mean, 32.4°) and to the left was 13-52.75°
(mean, 34.2°). There was no significant differ-
ence between rotation to the right and left. Total
rotation was 45-88.5° (mean, 69.25°). The
appearances of the rotated atlantoaxial joint are
striking and may be misinterpreted as
subluxation.

Lateral bending in the cervical region is
generally accompanied by rotation resulting
from the oblique orientation of the superior and
inferior facets. During rightward rotation of the
axis on the atlas, the left transverse foramen of
the atlas moves anteriorly, whereas the right
transverse foramen moves posteriorly relative to
the adjacent axis. As the rotation increases, the
increased distance between adjacent transverse
foramina results in increased tensile forces on
the vertebral artery and spinal nerve.

3.2 Biomechanics of the Occipito-

Atlantoaxial Ligaments

The transverse ligament is the major stabilizing
ligament at the atlantoaxial joint. The atlanto-
axial joint is responsible for about 47° of rota-
tion at the neck. The transverse ligament permits
rotation to occur, while the alar ligaments pre-
vent excessive rotation and are most vulnerable
to rupture under either rapid or slow loading
forces. The biomechanical data reported by
Fielding et al. [14] demonstrated that the trans-
verse ligament is the primary defense against
anterior subluxation of the atlas on the axis and
that it is relatively inelastic, only allowing the
axis to subluxate approximately 3—5 mm before

rupture. They also concluded that the accessory
ligaments of the atlantoaxial joints (namely the
alar ligaments) serve as secondary restrictions of
the atlas to anterior shift [15].

The alar ligaments function as stabilizing
structures of the atlantoaxial joint and act to
limit axial rotation and lateral bending on the
contralateral side. If the transverse ligament
ruptures, the alar ligaments become responsible
for preventing atlantal subluxation. Following
the rupture of the transverse ligament, a mean
force of 72 kg was needed to stretch the alar
ligament to create a predental space of 12 mm,
and any subluxation greater that 12 mm caused
the alar ligament to rupture. The alar ligament
limits axial rotation on the contralateral side to
about 90°. Damage to this ligament results in
further axial rotation, which can result in com-
pression or damage to the vertebral artery or the
spinal accessory nerves [15].

The transverse occipital ligament (TOL) is
thought to have similar functions to the alar
ligaments in helping to stabilize the craniocer-
vical junction. Lang et al. [16] believed the TOL
represented the uppermost fibers of the alar
ligament that sometimes crossed the midline.
However, Tubbs et al. [17] did not consistently
find a connection between the TOL and the
odontoid process or alar ligaments. When
attached to the alar ligament, the possible
functions of the TOL include providing addi-
tional support in stabilizing lateral bending,
flexion, and axial rotation of the head [15].

Several authors believe that the accessory
atlantoaxial ligament functions similarly to the
alar ligament in maintaining stability at the
craniocervical junction as well as limiting axial
rotation of the head. Another possible function is
protection and support for branches of the ver-
tebral artery that supply the odontoid process.
Dvorak et al. [11] suggested that this ligament,
along with the alar ligament, tectorial membrane
and joint capsule, functions to limit axial rota-
tion of the head. Tubbs et al. [18] found that
axial rotation of the head between 5 and 8°
caused maximal tension in the contralateral
accessory atlantoaxial ligament. The ligament
also resisted flexion maximally between 5 and
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10° and was lax in normal extension of the
spine. The accessory atlantoaxial ligament cou-
pled with the alar ligament maintained proper
atlantal-axial-occipital alignment by forming a
halter for the odontoid [15].

The lateral atlantooccipital (LAO) ligament
plays a role in limiting lateral flexion of the head
[19]. Lateral flexion of the head occurs almost
exclusively in the subaxial spine, although
Panjabi et al. [5, 6] reported that lateral flexion of
the atlantooccipital joint may range from 8 to 40°.
The mean tensile strength of 37.5 N is relatively
substantial and indicates that this ligament may
play a role in maintaining stability at the cra-
niocervical junction. When the LAO ligament
was transected in cadavers, Tubbs et al. [17]
observed an increase in lateral flexion of the
contralateral side of 3—5°. Additionally, the LAO
ligament may play a small role in limiting axial
rotation of the atlantooccipital joint. Tubbs et al.
[19] noted tautness of the LAO ligament on
contralateral rotation of the head on the atlas [15].

The apical ligament, anterior and posterior
atlantooccipital membranes , and the tectorial
membrane are crucial elements for providing
craniocervical junction stability [20]. The apical
ligament is lax, while the head is in the neutral
position and no tautness can be produced fol-
lowing cranial distraction [15, 21].

The tectorial membrane restricts extension at
the atlantooccipital joint and flexion/extension at
the atlantoaxial joint. Oda et al. [22], however,
found that this membrane restricts flexion
between the occiput, atlas, and axis and has no
limiting effect on extension. Some authors [15,
23, 24] have found that the tectorial membrane
together with its lateral band (the Arnold liga-
ment) plays a substantial role in maintaining
stability at the craniocervical junction, espe-
cially in limiting flexion. They found [25] that
flexion of the craniocervical junction made the
tectorial membrane fully taut at 15°, and
extension made the tectorial membrane fully
taut at 20°. The tensile strength of this ligament
was found to be 76 N. The tectorial membrane
could not be made taut with any lateral flexion
or axial rotation of the joint [15].

The nuchal ligament restricts hyperflexion of
the cervical spine. Interestingly, some have
identified a greater concentration of proprio-
ceptive fibers in this structure and have opined
that it may play a role in maintaining proper
alignment of the cervical spine [15, 26].

The anterior atlantooccipital (AAO) and pos-
terior atlantooccipital (PAO) membranes are
grouped as soft tissue structures critical to
maintaining stability of the cranio cervical
junction (CCJ). The AAO membrane may func-
tion synergistically with the Barkow ligament to
limit atlantooccipital extension of the head [15].
Actions of the cervical musculature, including
the suboccipital musculature between the occiput
and the axis, are also thought to play a significant
role in securing the cranium firmly to the spine.
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Imaging

Konstantinos E. Kokkinis and Emmanouil Emmanouil

4.1 Radiography

The radiographic investigation of the axis is
demanding and needs particular attention, since
it is closely related to specific anatomic elements
that are superimposed on each other interfering
and confusing the radiographic views. The need
for patient’s cooperation is important. The
involved anatomic elements should be evaluated
with specific views.

The radiographic investigation of the axis
should include the occipito-cervical complex
with specific views including the antero-poster-
ior oblique, the bilateral postero-anterior and the
antero-posterior (open mouth) view. The atlan-
toaxial radiologic imaging should also include
specific views to visualize the atlantoaxial joints
and the odontoid process.

4.1.1 Lateral View

The patient: Supine; adjust the body in a true
antero-posterior (AP) body position. The arms
are along the sides of the body, and the shoul-
ders are lying in the same transverse plane.
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The cassette: Must be placed in the vertical
position and in contact with the upper neck.
Then, it is placed at the middle line, at the level
of the atlantoaxial articulation (2.5 cm distal to
the tip of the mastoid process). The position of
the cassette must be parallel with the midsagittal
plane of the neck (Fig. 4.1). The neck must be
extended so that the shadow of the mandibular
rami will not superimpose the spine. The head is
positioned so that the midsagittal plane is per-
pendicular to the table. The patient must hold his
breath.

Central ray: Must be perpendicularly to a
point 2.5 cm distal to the mastoid tip.

Imaging: Shows the atlas and axis, and the
atlantooccipital articulations (Fig. 4.2). Some
authors [1] suggest that the head must be slightly
rotated to prevent superimposition of the lamina
of the atlas and recommend a slight transverse
tilt of the head for better view of the arches of
the atlas.

Pitfalls: The upper cervical vertebra should
be included. The neck should be extended so
that the rami of the mandible will not overlap the
upper cervical spine, and the rami of the man-
dible should be nearly superimposed [2]. Some
authors [3] slightly extend the patient’s neck
with the mouth wide open. The central ray is
positioned at 35° caudal and to the middle line
of the third cervical vertebra. The exposure is
made with the head passively rotated 10° to the
side, thus removing the mandible from the
underlying areas of interest.
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Fig. 4.1 Lateral atlas and
axis

Mandibular
ramus

Posterior
arch,atlas

Transverse
process, axis

Fig. 4.2 Lateral view

4.1.2 AP View: Open Mouth

The open-mouth view was described by Albers-
Schonberg [4] in 1910 and by George [5] in 1919.

The patient: Supine; the arms are along the
sides of the body.

The cassette: At the level of the second cer-
vical segment, to the middle line, in the Bucky
tray. Patient’s head must be placed so that the
midsagittal plane is perpendicular to the plane of
the table (Fig. 4.3). The patient must open his
mouth as wide as possible, and the head is sta-
bilized so that the line from the lower edge of
the upper incisors to the tip of the mastoid
process is perpendicular to the film. The patient
should keep his mouth wide open and at the
same time to say softly “ah” in order to keep his
tongue in the floor of his mouth so that its sha-
dow will not be projected on that of the atlas and
axis. Mandible should be still.

Central ray: Perpendicular to the midpoint of
the open mouth.

Imaging: Shows an AP projection of the atlas
and axis through the open mouth (Fig. 4.4). In
cases the patient has either a deep head or a long
mandible, the atlas cannot be demonstrated.

Criteria: The odontoid process, atlas, axis
and atlantoaxial articulations should be well
demonstrated. The mouth should be wide open,
and the shadow of the tongue should not be
projected over the atlas and axis [2].
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Fig. 4.3 AP atlas and axis

4.1.3 Odontoid Process

4.1.3.1 AP View: Fuchs Method
The patient: Supine; the arms are along the sides
of the body.

Fig. 4.4 Open-mouth
view

The cassette: In the Bucky tray, to the middle
line at the level of the tips of the mastoid pro-
cesses. Chin extended; chin and tip of the mas-
toid process are vertical. We stabilize the head
so that the midsagittal plane is perpendicular to
the plane of the table. The patient must hold his
breath (Fig. 4.5).

Central ray: Perpendicular to the midpoint of
the film; it enters the neck distal to the tip of the
chin.

Imaging: Shows an AP view of the odontoid
process lying within the shadow of the foramen
magnum (Fig. 4.6). Fuchs [6] described this
view for the odontoid process in case that its
upper half is not clearly shown in the open-
mouth view. It is useful in cases of suspected
fractures or degenerative disease of the upper
cervical spine.

Criteria: The entire odontoid process should
be seen through the foramen magnum without
any rotation of the head or neck [2].

4.1.3.2 PA View: Judd Method
The patient: Prone; the elbows are flexed and the
shoulders in the same transverse plane.

The cassette: The patient must extend his
neck and rest his chin on the table. The Bucky
tray is positioned so that the midpoint is entered
into the throat at the level of the upper margin of

facet of atlas

Spinous process of
' axis
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Fig. 4.5 AP odontoid process

Fig. 4.6 AP view

the thyroid cartilage (Fig. 4.7). The tip of the
nose must be approximately 2.5 cm from the
table top (approximately 37° to the plane of the
film). The midsagittal plane must be perpendic-
ular to the table. The patient must hold his
breath.

Central ray: Perpendicular to the midpoint of
the film. It enters the occiput just posterior to the
mastoid tips. Should not be used in case of

degenerative disease or suspected fractures of
the upper cervical spine.

Imaging: Shows a PA projection of the
odontoid process through the foramen magnum
(Fig. 4.6b).

Criteria: The entire dens should be seen
through the foramen magnum without any
rotation of the head or neck [2].

4.1.3.3 AP Axial Oblique View: Kasabach
Method

The patient: Supine; the arms are along the sides
of the body.

The cassette: In the Bucky tray, to the middle
line of the midsagittal plane at the level of the
mastoid tip. The head must be rotated approxi-
mately 40-45° opposite to the side being
examined. The infraorbitomeatal line must be
perpendicular to the plane of the table. The
patient must hold his breath (Fig. 4.8). In case of
right-angle projections of the dens we can per-
form one exposure with the head turned to the
right and one with the head turned to the left.

Central ray: In 10-15° caudal to the middle
line, midway between the outer canthus and the
external auditory meatus.

Imaging: Kasabach [7] presented this tech-
nique for use in conjunction with the AP and
lateral (Fig. 4.9). In case of a possible fracture or
degenerative disease, the head should not be
rotated. Kasabach suggested rotation of the body
rather than only the head.

Criteria: The odontoid process should be
clearly seen. Some authors [8] described a
position to demonstrate the atlantooccipital—
odontoid process relationship; the central ray is
directed vertically midway between the mastoid
processes at the level of the occipito-cervical
joints [2].

4.2 Computed Tomography

Computed tomography (CT) is frequently
employed for the evaluation of the spine; helical
and multislice techniques have been introduced.
After placing the neck in the isocenter of gantry,
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Fig. 4.7 PA odontoid
process

Fig. 4.8 AP axial oblique view

axial sections are adjusted to the plane of atlas
and axis. Basic evaluation can be performed by
axial scanning at 0° of angulation. Scanning of
the whole region is easy and has the advantage
that reformations can be adjusted in every plane.
With multislice CT, for the highest possible
resolution in the cervical spine, section colli-
mation may be reduced to 0.5-0.75 mm. This
will generate an almost isotropic data set that
enables the highest quality multiplanar refor-
mation (MPR) in any direction. MPR views are
tailored to the specific problem, and most
orthopedic and trauma cases will require

evaluation on a second plane (coronal, sagittal).
MPR requires prior reconstruction of an over-
lapping thin-section data set (secondary row data
set). Image reconstruction uses a small field of
view to ensure optimum spatial resolution.
Three-dimensional images (3D) are useful in
patients with complex fractures and obscure
findings and anatomic details. For 3D CT, a
volume-rendering technique (VRT) is preferred,
but shaded-surface displays (SSDs) are also
possible (Figs. 4.10, 4.11). Image reconstruction
uses a small field of view to ensure optimum
spatial resolution. In trauma patients, recon-
struction with a high-resolution (bone) algorithm
is normally used, but additional reconstructions
with a standard algorithm are needed for the
evaluation of the paraspinal soft tissues [9].

Some studies are performed with intravenous
contrast enhancement because of the increased
anatomic detail compared with noncontrast CT
[10]. Intrathecal contrast is used when precise
definition of the cord is necessary. It is also
helpful to better define the extent and degree of
subarachnoid space. Nonionic contrast material
is administered via C1-C2 injection, followed
by myelographic filming and immediate post-
myelogram focused CT scanning.



32

K. E. Kokkinis and E. Emmanouil

Fig. 4.9 AP axial oblique view

Fig. 4.10 CT 3D (VRT) image of the axis. View from
head. Odontoid (/), superior facets (2), lamina (3),
spinous process (4)

When scanning the craniocervical junction in
a craniocaudal direction, the basiocciput is the
first osseous structure imaged. The atlas is next
visualized as scanning continues inferiorly
(Figs. 4.12, 4.13, 4.14). Coronal imaging

Fig. 4.11 CT 3D (VRT) image of the axis. Anterior
view. Odontoid (/), body (2), transverse processes (3),
inferior articular processes of the axis (4)

150
Thies] mm

Fig. 4.12 An axial contrast-enhanced CT at the C1 level
demonstrates the anterior arch of the atlas (/), the
superior articulating facets (2), the occipital condyles (3),
the odontoid (4) and the alar ligaments as they extend
from the odontoid to the occipital condyles (arrows)

demonstrates the craniocaudal slope of the
atlantooccipital articulation from lateral to
medial margins contributing to the lateral
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Fig. 4.13 A scan inferiorly shows the anterior tubercle
of C1 (1), tubercles of the lateral masses of C1 (2), the
vertebral arteries (3) and the transverse ligament and
tectorial membrane with dura (arrows)

stability of the joint. The atlas is recognized as a
ring formed by fused anterior and posterior
arches. On 0° images, the anterior arch will
frequently be imaged cephalad to posterior arch
[11]. As scanning continues caudally, the infe-
rior articular facets of the atlas are demonstrated.
These appear circular in the axial plane and flat
or slightly concave in the coronal plane. The
inferior facets slope craniocaudally medially to
laterally to articulate with the superior facets of
the axis. This articulation permits a sliding
motion to occur during head rotation.

The axis consists of a large body that is fused
to the odontoid process, a superiorly projecting
tubercle that extends from the body of the axis
through the anterior third of the atlas ring
(Figs. 4.15, 4.16, 4.17). The small transverse
processes of the axis contain foramina trans-
versaria for the vertebral arteries and veins. The
spinal canal is large, but smaller than that of the
atlas. The spinous process of the axis is massive
and usually bifid [12].

The posterior longitudinal ligament is dem-
onstrated dorsal to the body of the axis as a broad
soft-tissue density measuring approximately
1 mm in thickness. The ligament is contiguous
superiorly with the tectorial membrane, which
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Fig. 4.14 A scan inferiorly demonstrates the posterior
arch of the atlas (/), spinal cord (2), subarachnoid space
containing CSF (3). The vertebral arteries as they pass
through the foramina transversaria (arrows)
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Fig. 4.15 An image at the base of the dens (2)
demonstrates the atlantoaxial joints (/) and transverse
processes of the atlas (3)

extends to the occiput. The tectorial membrane is
imaged axially together with the closely
approximated anterior dura as an enhancing soft-
tissue density posterior to the odontoid process,
which is contained between the lateral masses of
the atlas (Fig. 4.18). The cruciate ligament is
anterior to the tectorial membrane and
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Fig. 4.16 A scan at the C2 body level (1)
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Fig. 4.17 At the C2-C3 level, the intervertebral disk is
demonstrated (/), laterally the C3 uncinate processes are
present (2), the superior articular processes of C3 are
anterior (3), whereas the inferior articular processes of
the axis are posterior (4), C2 lamina (5), C2 bifid spinous
process (6). The facet joints make up the posterior and
lateral aspect of the intervertebral foramina (7). C3
transverse processes (arrows)

contiguous with the posterior margin of the
odontoid. This T-shaped ligament extends from
the odontoid to the occiput (long axis) and
between small medially facing tubercles that
project from the lateral masses of the atlas (thick
axis or transverse ligament). The transverse
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Fig. 4.18 CT sagittal MPR image. Odontoid (7), C2
body (2), C2 spinous process (3), anterior arch of C1 (4),
posterior arch of C1 (5), basion (6). Apical ligament
(thick black arrow). Tectorial membrane (thin black
arrow). Transverse ligament (thick white arrow). Ante-
rior and posterior longitudinal ligaments (thin white
arrows)

ligament can occasionally be identified on axial
images as an enhancing curvilinear soft-tissue
density of variable thickness that is adjacent to
the dorsal margin of the odontoid process
(Fig. 4.13). The alar ligaments extend from the
odontoid process to the medial inferior aspects of
the occipital condyles. These ligaments may at
times be seen on axial or coronal CT scans near
the apex of the odontoid process as small para-
median soft-tissue densities separated by epidu-
ral fat (Fig. 4.19). Also, occasionally identified
on coronal CT is the thin apical ligament that
extends from the apex of the odontoid to the
anterior rim of the foramen magnum [13].

The patulous subarachnoid space containing
cerebrospinal fluid (CSF) generally provides
adequate natural contrast for visualization of the
spinal cord (Fig. 4.14). However, if detailed
analysis of neural structures at this level is diffi-
cult, intrathecal contrast provides the necessary
background for accurate CT evaluation. The cer-
vical cord, nearly circular on axial images at the
atlas level, gradually flattens through the mid-
cervical levels and then again becomes nearly
circular at the cervicothoracic junction. The
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Fig. 4.19 CT coronal MPR image. Odontoid (/), C2
body (2), C1 lateral masses (3), the occipital condyles (4)
are inferiorly convex protuberances that provide the
articular surfaces for the concave upper aspect of the
superior articular facets of the atlas. The inferior articular
facets of the atlas are flat or slightly concave, and they
slope craniocaudally to articulate with the superior facets
of the axis. Alar ligaments (arrows)

position of the cord at the craniocervical junction
is slightly anterior within the canal. The cord has
homogenous appearance, with slightly indenta-
tions noted anteriorly and posteriorly representing
the anterior and posterior median fissures [14].

4.3 Magnetic Resonance Imaging

The upper cervical spine has been extensively
investigated by magnetic resonance imaging
(MRI) as the method of choice for evaluation of
many disease processes in the spine. Such
evaluation focuses predominantly in the mus-
culoskeletal (vertebral bodies, intervertebral
foramina, ligaments and joints) and the nervous
system (spinal cord and the exiting spinal nerve
roots). Sagittal T1-weighted (T1W) and T2-
weighted (T2W) sequences are a basic starting
point for most examinations of the cervical
spine, performed with conventional spin-echo
(SE) technique or preferably with fast spin-echo
(FSE) technique [15]. For T2W imaging FSE,
MRI has almost completely replaced SE MRI.

The advantages of FSE T2W MRI are the
shorter examination time and the better visuali-
zation of the spinal cord. The slice thickness
should be no more than 3—4 mm, and the inter-
slice gap should be no greater than 1 mm. A
frequently selective fat saturation pulse can be
applied with the T2W FSE sequence, or an FSE
short-inversion-time inversion-recovery (STIR)
sequence can be also used. To evaluate the upper
cervical spine, an axial sequence is also needed.
Axial gradient-echo (GRE) sequences have been
found to provide a better depiction of the cer-
vical neural foramina and the structures in the
foramina than SE images. Two-dimensional
(2D) Fourier transform GRE or 3D Fourier
transform GRE sequences can be used. The 3D
GRE technique is superior to the 2D GRE
technique because it can provide thinner sections
while maintaining good signal-to-noise and
contrast. Coronal TIW or T2W images provide
a unique look of the articulations of the upper
cervical spine [16, 17].

The central sagittal image (Fig. 4.20) shows
the full height of the odontoid. The spinous
process of the axis and the atlantodental interval
is almost completely seen. The basion is posi-
tioned above a small amount of adipose tissue
that is normally seen between it and the odontoid
process. The spinal cord is present in the spinal
canal, surrounded by hyperintense CSF. Poster-
ior to the odontoid process, an area of decreased
signal intensity can be seen that represents the
transverse ligament. The transverse ligament is
better imaged in the axial plane. The transverse
ligament arches across the ring of the atlas and
retains the odontoid process in contact with the
anterior arch of the atlas. A small fascicle
extends upward and another extends downward
from the transverse ligament as it crosses the
odontoid process. The upper fasciculus attaches
to the basilar portion of the occipital bone, and
the lower fasciculus is fixed to the posterior
surface of the body of the axis. This entire liga-
ment is named the cruciate ligament of the atlas.

The ligamentum flavum connects the lamina
of adjacent vertebrae and shows a hypointense
band just posterior to the dura. Because of its
elasticity, the ligamentum flavum helps preserve
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Fig. 4.20 MRI sagittal T2W FSE image. Odontoid (/),
C2 body (2), C2 spinous process (3), posterior arch of C1
(4), anterior arch of C1 (5), basion (6), transverse
ligament (7), C2-C3 intervertebral disk (), spinal cord
(9), CSF (10). Apical ligament (thin black arrow).
Ligamentum flavum (thick black arrow). Atlantodental
interval (thin white arrow). Anterior and posterior
longitudinal ligaments (thick white arrows)

k LL\:

Fig. 4.21 MRI axial T2W 3D GRE image. Odontoid
(1), anterior tubercle of Cl1 (2), right occipital condyle
(3), spinal cord (4). Alar ligaments (thin white arrows).
Dura (thick white arrow). Vertebral arteries (black
arrows)

upright posture. The posterior atlantoaxial liga-
ment replaces the ligamentum flavum between
the atlas and axis. The anterior and posterior
longitudinal ligaments are intimately adherent to
the intervertebral disks and the vertebral mar-
gins. The longitudinal ligaments are not adher-
ent to the middle of the vertebral bodies. The
actual visualization of the anterior and posterior
ligaments can be limited on MRI because of
partial volume averaging with the adjacent ver-
tebral body cortex.

The anterior aspect of the intervertebral disks
is hypointense on the T2W and T1W images,
representing the outer ring of the annulus fibro-
sus. The same signal intensity is also seen at the
posterior aspect of the intervertebral disks, but is
less distinct because the annulus fibrosus is
thicker anteriorly than posteriorly. The disk
endplates are well visualized as hypointense
lines on the T2W and T1W images.

The axial T2W image through the top of the
odontoid process shows a portion of the alar lig-
ament. The alar ligament attaches to the top of the
odontoid process and inserts to the medial aspect
of the occipital condyles. The transverse ligament
is present posterior to the odontoid process,
attaching to the ring of the atlas. Anterior and
posterior synovial joints make up the median
atlantoaxial joint. The former is between the
anterior arch of the atlas and the odontoid pro-
cess, and the latter is between the odontoid pro-
cess and the transverse ligament. On either side of
the odontoid process are the lateral atlantoaxial
joints, which are gliding joints (Fig. 4.21).

The vertebral arteries can be seen as they pass
through the dura. The vertebral arteries pass
beneath the posterior atlantooccipital membrane
before entering the thecal sac. The dorsal root
ganglia can be seen (Fig. 4.22). The gray matter
can be faintly seen in the spinal cord. At the C2—
C3 level, the intervertebral disk can be delin-
eated, and laterally the C3 uncinate process is
present. The vertebral artery is adjacent to the
uncinate process (Figs. 4.23, 4.24). The CSF is
dark on the T1W images, and the CSF-to-cord
contrast is good. The neural foramina and visu-
alization of the disks are not optimum on TIW
images as on T2W images (Fig. 4.24).
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Fig. 4.22 MRI axial T2W GRE image. C2 body (7), C2
left transverse processes (2), C2 lamina (3), C2 spinous
process (4). White marrow of the spinal cord (thick black
arrow). Gray matter of the spinal cord (thin black arrow).
Exiting right C2 spinal nerve root (white arrow)

Fig. 4.23 MRI axial T2W 3D GRE image. C2 body (1),
C2-C3 intervertebral disk (2), C3 uncinate processes (3),
the superior articular processes of C3 are anterior (4), the
inferior articular processes of the axis are posterior (5).
C3 spinal nerve roots (white arrows)

Coronal images provide a unique view of the
articulations of cervical spine (Figs. 4.25, 4.26).
The atlantooccipital joints, the lateral atlantoax-
ial joints, the intervertebral disks and the unci-
nate process are well shown. The alar ligament
connecting the odontoid process to the occipital
condyles is shown. The transverse ligament is not

Fig. 4.24 MRI axial TIW FSE image. C2 body (7), C2—
C3 intervertebral disk (2), right transverse process of the
axis (3), inferior articular processes of the axis (4), spinal
cord (5). C3 spinal nerve roots (black arrows). Vertebral
arteries (white arrows)

Fig. 4.25 MRI coronal T2W FSE image. Odontoid (/),
C2 body (2), C2 transverse processes (3), lateral masses
of the atlas (4)

readily identified. Laterally the vertebral arteries
ascend through the transverse foramina. Asym-
metry of alar ligaments, craniocervical junction
and C1-C2 facet joints and joint effusions are
common in asymptomatic individuals. The clin-
ical relevance of these MRI findings is therefore
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Fig. 4.26 MRI coronal T2W FSE image. Odontoid (/)
and alar ligaments (2). Right atlantooccipital joint (black
arrow). Right atlantoaxial joint (white arrow)

limited in the identification of the source of neck
pain in symptomatic patients [18].
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Fractures of the Axis

Demetrios S. Korres

Fractures of the axis are considered to be the
commonest injuries of the cervical spine; its
position in the upper cervical spine and its
anatomy are responsible for that. Data from our
department show that the incidence of these
fractures is approximately 26.8 % of all cervical
spine injuries; men is more often affected, while
the average age is noted to be around 45 years.

The cause of these injuries varies. The road
traffic accident is by far the commonest cause as
more than 61 % of the patients are reported to be
involved to this. The second most common
cause (34 %) is a fall, either from a high or from
body level. Less reported causes (5 %) are
related to athletic activities such as diving,
boxing, or accidents from weights fallen on the
head of a person.

The vast variety of the fractures the axis is
subjected is due to its particular anatomy and
biomechanical characteristics. The direction of
the applied forces as well as the position of the
cervical spine and the head has an important role
in the creation of the variety of the different
types of axis fractures.

The fractures according to the anatomical
area involved are divided into five types:

1. Fractures of the odontoid process (49.8 %)
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2. Fractures of the vertebral arch, including the
spinous and transverse process (36.9 %)

3. Factures of the vertebral body (10.6 %)

4. Isolated fractures of the lateral mass (1.5 %)
and

5. A combination of the above fractures

(5.1 %).

Hyperextension of the cervical spine is
responsible for about 47 % of fractures, hyper-
flexion accounts for about 26 % and lateral
flexion for about 25 %. Less commonly, rota-
tional and compressive forces may, also, be
involved. Our experience makes us to note the
importance of the knowledge of the direction of
the applied force in the spine in order to explain
the lesion and proceed to the appropriate
movements to treat it. Also, the position of the
head at the time of the injury is crucial in the
creation of a certain lesion. It is important to
consider the possibility of application of more
than one force applied to the axis vertebra, a fact
that is responsible for the multiple lesions this
vertebra may sustained. In the clinical setting, it
is very difficult to determine the direction of the
applied force, which is usually a combination of
subsequently occurring moments responsible for
the variety of injuries. It is also worth noting that
the axis vertebra is participating in a percentage
of about 37 % in double level fractures of the
cervical spine or concomitant injuries.

The patient presents with deep pain in the
occipital and sub-occipital region, accompanied
by cervical stiffness. Pain is exacerbated by
pressure on the spinous process of the axis.
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Fig. 5.1 Open mouth
view. Scarcely seen a
fracture at the base of the
odontoid process (type C1
fracture)

Commonly, a sensory deficit in the form of
occipital neuralgia is noted due to pressure on
the dorsal branch of the C2 root. Also, rarely,
symptoms due to vertebral artery damage or to
pressure on the pyramidal tract are seen as well
as Wallenberg syndrome or crossed Bell’s palsy.

Neurological symptoms due to involvement
of the spinal cord are not so common and this
because the injury is either lethal due to the
involvement of C1, C2 and/or C3 spinal cord
segments located posterior to the odontoid pro-
cess and the body of the axis, or presented with a
milder neurological involvement in the form of a
spinal cord compression syndrome (i.e. Brown—
Sequard) or root compression.

A thorough clinical examination reveals the
variety of injuries which accompany these
fractures. Head injuries as well as fractures in
the axial skeleton are seen in more than 50 % of
the cases and may give some information on the
direction of the applied force(s).

The diagnosis is based on a thoroughly
radiological examination which is described in a
previous section. To note, here, the difficulties to
clearly imaging of the area of the upper spine and

the importance of the knowledge of the normal
anatomy and its variants as well as the suspicion
of doctors towards underling injury(ies). Special
views like the “open mouth” are required for a
correct diagnosis (Fig. 5.1)

The main problem of axis fractures is the
possibility of instability and the potential threat
of life of the injured person. These factors are
considered in order to proceed to the appropriate
treatment. Nor less important is the fact, that
fractures of the axis, may be combined with
other injuries, bony or ligamentous, warrant
independent consideration. Both, conservative
and operative management may be applied to an
injured axis vertebra with both options having a
place for it.

Although the position of the axis in the upper
cervical spine, behind the pharynx is not the best
one for direct access, the need for stabilization
of certain pattern of fracture led to the devel-
opment of specific techniques and approaches
either anterior, laterally, posterior or combined,
S0 it is possible to reconstruct the fractured axis
and to stabilize the spine until solid fusion is
achieved.
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Apart from the surgical treatment, many
authors advocated the conservative management
of certain pattern of injuries by using different
orthotic constructs.

In both instances, an important role plays the
appropriate physiotherapy which will determine
the final functional outcome.
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Fractures of the Odontoid Process

Demetrios S. Korres

The incidence of these fractures is around 14 %
among the cervical spine fractures and may occur
at any age, with a higher risk for patients older
than 65 years old, but to note that in this age
group, the fracture of the odontoid is more likely
to be missed at the initial examination. Progress
in diagnostic radiology helped in increasing the
number of reported cases. Lambotte, in 1894,
was the first to report this type of injury, and at
the beginning, only complicated injuries were
reported. In the early period, these fractures were
managed conservatively, and later in 1910,
posterior fixation using a wire was introduced by
Mixter and Osgood [1].

The cause of injury is mainly a road traffic
accident or a fall, but, other causes are impli-
cated to these injuries. However, the exact
prevalence is not known as a certain number of
patients sustained such an injury do not survive
and are transported dead to the hospital.

The clinical picture of this injury varies from a
mild to a severe one (quadriplegia or even death)
[2, 3]. The patient is presented in the emergencies
holding his head being unable to move it, or is
transferred on stretcher complaining of pain in the
cervical region. A thorough clinical examination
to exclude symptoms corresponding to a
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neurological damage is needed although there are
usually missing. The severity of the neurological
disorder corresponds to the degree of displace-
ment and the consequent instability of the odon-
toid process. Older people have a higher rate of
mortality [4].

It is also important to look for an involvement
of the vertebral arteries which if damaged could
induce symptoms not only at an early stage, but,
also, days after the accident.

The understanding of this injury became
easier after the experimental studies done the last
thirty-five—forty years. Mouradian [5] and Alt-
hoff [6] were the first to use cadaveric specimens
that included for the first time the whole occipito-
atlanto-axial complex. Puttlitz [7] studied in a
finite element investigation the probable loading
forces and the resulting type of lesion.

The fracture of the odontoid is due often to
high-energy trauma with the implication of a
combination of forces and the major loading path
that cause the lesion is not well established.
According to experimental data, the causes of the
fractures of the odontoid process are a combi-
nation of vertical compression and horizontal
shear which acting in a different angle creates
different patterns of fracture. In practice, we can
assume that the main forces responsible for a
fracture of the odontoid process are as follows:
a. Hyper-extension that causes a fracture in the

region of the base, in the neck of the dens or

in the body of the axis. The odontoid process

is hit from the anterior arch of the atlas and a

fracture is caused, the direction of which is
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from anterior-superior toward a posterior-

inferior direction.

b. Flexion that leads to a fracture by the sudden
and violent blow of the odontoid process by
the transverse ligament with a posterior-
superior toward anterior-inferior direction of
the line fracture.

c. A lateral force, which together with second-
ary compression and rotational forces, causes
a fracture of the neck of the odontoid process
as the lateral mass of the atlas hits the dens.
The concurrent rotation of the head creates
tension in the alar ligaments, which also
participate in the creation of this fracture. The
rotational force by itself is responsible for the
avulsion fractures of the apex of the odontoid
process that are created by the sudden con-
traction of the alar ligaments.

In the majority of cases, the odontoid fractures
are due to the application of force in an otherwise
normal and healthy cervical spine. Pathological
fractures due to an underling pathology the axis
vertebra is affected off, are rare, but they do exist
[8]. Osteoarthritic alterations at the atlanto-axial
joints—which can fix the odontoid process to the
anterior arch of the atlas—and at the lower cer-
vical spine are responsible to an increasing risk
for fracture at the base of the odontoid process
(type B or C) in the elderly persons.

The natural history of dens fracture is not
clear, as many factors are involved.

The blood supply of the odontoid process was
believed to play an important role in the prog-
nosis of these fractures, but this concept is pro-
ven wrong.

An important factor that affects the integrity,
the course and the prognosis of these fractures is
the degree of their stability. Many authors
believe that a fracture that is not accompanied
by rupture of the ligaments surrounding the
odontoid process or associated fractures of the
upper cervical spine and particularly the frac-
tures at the base must be considered as a stable
one. In any other case, the fracture is considered
to be unstable. Experimental studies carried out
under the guidance of Roy-Camille showed that
the stability of these fractures depends on the
integrity of the posterior longitudinal ligament

and the associated fractures to the axis itself or

of the atlas; the latter is responsible for insta-

bility in the level between C1 and C2 and the
further, in case of fractured pedicles, between C2

and C3 [9].

Knowledge of the pathology of these frac-
tures is crucial in order to assess prognosis and
help in the decision we have to make for their
management. This led to the development of two
basic classification categories according to
a. The position of the fracture.

b. The direction of the line fracture.

In the first category, there are four different
classifications described as follows:

1. The Schatzker’s classification [10] in which
two types are recognized is as follows: (a) the
low fracture at the level or below the level of
the attachment of the accessory ligaments
and (b) the high fracture above the attach-
ment of the accessory ligaments.

2. The Mourgues’ classification [11] in which
there are two types of fractures. The first is
reported to fractures of the base of the
odontoid process with a 100 % union prog-
nosis, and the second is reported to fractures
at the neck of the odontoid process with a
union prognosis of less than 50 %.

3. The Anderson-D’Alonzo classification [12]
who proposed the division of the fractures
into three types. In the first instance, the
authors are reporting to fractures at the top of
the odontoid process with a favorable prog-
nosis for union. In the second instance, they
are referring to fractures of the neck with a
mean rate of pseudarthrosis of about 36 %.
The last type the authors are referring is the
fractures at the base of the dens. This fracture
has a 90 % mean rate of union.

4. The Althoff’s classification [6] who proposed
four types of dens fractures. The first type
with the lesion situated above the neck and
having a rate of pseudarthrosis around 64 %.
The second type concerns fractures through
the neck with a rate of pseudarthrosis of
about 55 %. The third type is the one where
one of the lateral masses is involved; this
lesion has a mean rate of union around 50 %
and the fourth type in which the fracture is
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situated at the body of the axis vertebra with

a high rate of union as 93 %.

The second category, in which the direction
of the line is considered, includes the classifi-
cation of Roy-Camille [1] with four types of
fractures as follows:

(a) Anterior oblique fractures with posterior-
superior toward anterior-inferior direction of
the fracture line originating at the level of the
neck and directed through the body to the
anterior surface of the axis vertebra. This
fracture is the result of an impact of the strong
transverse ligament on the odontoid process
at the time of the applied flexion momentum
and represents the commonest type.

(b) Posterior oblique fractures with anterior-
superior toward posterior-inferior direction
of the fracture’s line. These fractures are
caused by an applied extension momentum,
when the anterior rim of the foramen mag-
num strikes the apex of the odontoid process,
and have the tendency to displace posterior.

(c) Horizontal fractures with the line of fracture
through the neck only; these fractures are the
result of the application of a lateral force and
are the most unstable.

(d) In some cases, the fracture’s line extends to
the axis body and becomes transarticular
representing the “English Polishmen’s hel-
met” [13]. This classification was considered
to be the most realistic approach to the
determination of, not only the mechanism of
creation of the fracture, but also, its stability
and prognosis.

The diagnosis of the fractures of the odontoid
process relies on the thorough radiological
examination, which allows, also, a correct
classification.

This is not easy in children and in old people.
In children and in young patients, this fracture is
rare; we can speak of a separation of the carti-
laginous plate with anterior displacement of the
odontoid process.

Following the fusion, which will take place at
the age of 4-7 years, the picture is completely
changed. In adults using conventional radiology,
the transoral X-ray may give the most reliable
information, while the profile view reveals any

Fig. 6.1 Angiography shows the left vertebral artery

anterior or posterior translation or specific
findings.

In the case of an undisplaced fracture, the
appearance of a pre-vertebral shadow raises the
suspicion of an injury.

The vertebral artery if injured may contribute
to changes in the clinical picture, so, it is a very
important step to be taken for its investigation in
order to see any abnormality which would be
create problems during manipulations, tractions
or even during the operative procedure (Fig. 6.1).

The evolution in the diagnostic methods
revealed the existence of other types of fractures,
like the vertical one [14-17], and the complex
fractures [18, 19]. The vertical fracture is char-
acterized by the division of the odontoid process
into two parts with the line fracture extending
from the apex to the base while the complex
fractures are characterized by a diversity of
fractures lines creating the compound or double-
level fractures.

Conventional radiological evaluation along
with conventional tomography, computerized
tomography and 3D scan are considered the best
way to identify a fractured odontoid process
(Figs. 6.2, 6.3, 6.4, 6.5).

The fractures of the odontoid process repre-
sent the mechanical failure of this particular
anatomical element following the application of
forces [3]. The direction of these forces, the
internal architecture, the mechanical strength of
the bone trabeculae, the proportion of the
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Fig. 6.3 Lateral tomography shows a type B fracture
displaced posteriorly

Fig. 6.2 Conventional lateral view

Fig. 6.4 Reconstruction images of a type C1 fracture of the odontoid process with concomitant fractures at C6-C7
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Fig. 6.5 3D scan images show a fracture at the base of the odontoid process (type C1)

cortical and cancellous bone, the magnitude of
the odontoid process displacement, the vascular
supply of the odontoid process and the age of the
patients are the most important factors in the
creation of specific fracture types and the prog-
nosis of these injuries.

In line, but not, well documented, in the lit-
erature, radiographic and histomorpho-metric
studies outlined the structural difference between
the odontoid process and the body of the axis.
Data from these studies could distinguish the
fractures at the base of the odontoid process and
the underlying body of the axis.

This was also shown in a recent study using
peripheral quantitative computed tomography
(pQCT) in cadaveric specimens of the axis [20].
Moreover, this study showed the difference of
the internal architecture of the axis between
young and older patients; in subjects more than
40 years old, a large void of thin trabecular bone
has been identified extending from anterior-
inferior to superior-posterior to the base of the
odontoid process indicating a mechanically
weak region that may predispose to specific
fracture patterns [20] (Fig. 6.6).

The Anderson—-D’Alonzo classification offers
a simple and topographic approach to odontoid
process fractures. However, it does not contrib-
ute to the thorough understanding of the mech-
anism of the fracture, nor it incorporates any
bio-mechanical characteristics or specific char-
acteristics of the internal architecture of the
odontoid process and has limitations [21, 22].

In addition, the many attempts made for its
improvement [23, 24] or replacement [3, 8, 10,
25], the existence of alternative classifications
based on the direction of the fracture’s line [26],
the heterogeneity of the reported pseudarthrosis
rates at type II fractures and the presence of
various unclassified fracture types such as some
vertical or oblique fractures [14-16] may
suggest the inadequacy of the aforementioned
classification schemes.

The classification proposed by Anderson and
D’ Alonzo is misleading and contributes to con-
fusion regarding fracture location [21]. The
Anderson and D’ Alonzo type III fracture is not a
fracture of the odontoid process, but rather a
horizontal rostral fracture through the upper
aspect of the body of the axis [21, 22]. Further



50

D. S. Korres

Fig. 6.6 pQCT analysis of the axis vertebra. Note the
difference in bone thickness and the void at the posterior
part of the base of the odontoid process

adding of subtypes, such as type IIA [23],
type IIB [24], type IIC, type II 1-5 [27] and type
IITA [28], perpetuates the confusion. At the same
time, Koller stressed the point of a lack of
comprehensive classification for fractures of the
body and the odontoid process [29].

In the literature, there are fractures not corre-
sponding to the already existing classifications
and there is a confusion to be present, so, it is clear
that a more appropriate one would be obligatory.

The proposed herein classification is based on
the structural, anatomical and bio-mechanical
properties of the odontoid process [20, 22].

The anatomical classification we propose
accepts four types of fractures and recognizes a
zone where practically no fractures are noted
(the neutral zone), which is found at the level of
transverse ligament, an area of phylogenetically
strong bone (Fig. 6.7).

Type A fractures are rare [30, 31]. It is an
avulsion fracture at the points of insertion of the
alar or apical ligaments with an incidence of
2.3 % in our series; Its stability is questionable,
but they responded favorable to a conservative
treatment (Fig. 6.8).

Type B fractures represent the most common
fractures (3842 %) of the dens fracture in the
literature, and particularly in the elderly popu-
lation [27] although in our series were second in
incidence with 44.1 % (Fig. 6.9). These are the
results of lateral force which initiates a rota-
tional movement. In the presence of osteoar-
thritic changes, this leads easier to a type B or C
fracture seeing most frequently in older persons.
These fractures represent an unstable lesions
with a tendency to pseudarthrosis, so, they need
a careful evaluation and appropriate treatment,
conservative or surgical, particularly in the old
patients [32].

Type C fractures were found to represent
46.6 % [10, 11]; they have a more favorable
outcome than type B, responding to a less
aggressive management (Figs. 6.10, 6.11).

Finally, type D fractures are not so uncom-
mon (7 % in our series) (Fig. 6.12). The axial
loading while, the neck is in extension, as well
as, a combination of applied forces, which act
either simultaneously or not, are probably
responsible for this injury. Although it is an
unstable lesion, it seems to respond better to a
non-surgical treatment.

To note that is easy to recognize a type B
from a type C fracture in the lateral view. In type
B fracture, the Harris ring is intact as the frac-
ture’s line is above this ring. In type C, the
fracture line is involving the upper part of the
Harris ring (Fig. 6.13, 6.14).

This classification is considered more realis-
tic since it is simple, it includes the whole
spectrum of fractures, it refers only to one ana-
tomical structure (the odontoid process), it cor-
relates to the bio-mechanical characteristics of
the axis, it indicates the prognosis of the differ-
ent fracture types and it suggests the adequate
evaluation and management of the fractures
[22]. Fractures not involving the odontoid pro-
cess, like the type III in the Anderson—D’ Alonzo
classification, could not be called odontoid
fractures as they are, anatomically speaking,
fractures of the axis’ body.
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Fig. 6.7 Schematic indication of the level involved at
the different fracture patterns. Type A: at the top of the
odontoid process. Type B: fractures that occur in the neck
of the odontoid process in an area situated below the
transverse ligament to a line between the two inner
corners of the upper articular processes of the axis. Type
C: fractures that occur in the area of the base of the
odontoid process between the type B and the anatomical
base of the odontoid process are described as type CI.
Several fractures extending from the dens itself to the
body or at the margins of the lateral masses are classified
as type C2 (derooting fractures). Type D: complex
fracture (split fractures, comminuted or the double ones)
of the odontoid process

Fig. 6.8 Type A fracture

Of course, there are many authors who support
the concept of Gebauer that the odontoid process
is extended down to the body [33]; their argument

Fig. 6.9 Type B fracture

Fig. 6.10 Type CI fracture

is the presence of the remnants of the subdental
synchondrosis. A long debate is still going up
[34], but even accepting that the odontoid process
is extending down the body of the axis, the lateral
articular surfaces are not part of it [35] and the
concept of the anatomical reference for an
odontoid fracture is stronger [36].

Fractures of the odontoid process should be
divided into (a) stable and (b) unstable [1]. This
is necessary in order to proceed with the correct
therapeutic plan. Stable injuries are managed
conservatively, while unstable injuries are trea-
ted surgically. Fracture’s instability depends
mostly on the presence of associated lesions, the
type of fracture and the initial displacement,
particularly if there is vertical displacement.
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Fig. 6.11 Type C2 fracture

Type A fractures are treated conservatively
by using external mobilization, like a rigid cer-
vical collar or a halo vest; rarely an operation
should be required.

In type B fractures, although there are unsta-
ble, a controversy is still on-going among differ-
ent authors regarding the surgical approach and
management of this lesion [37]. To us an initially
conservative treatment should be applied unless a
score of more than 10 points is found [38].

In type C, either conservative or operative
management is applied in relation to the insta-
bility these injuries shown.

In type D, the appropriated conservative
management is offering excellent results [16, 19].

Several treatment modalities are proposed in
the presence of this injury [39—44], but, before
take any decision, it is wise, particularly in the
elderly patients, to look for any clinical co
morbidities that may affect the management and
to rule out any concomitant or double-level
fracture of the cervical spine [45, 46].

Conservative treatment is suggested by the
use of traction with the application of a
Crutchfield skull tongs, in order to reduce and
stabilize the fracture or with the use of external
immobilization as custom-made orthosis, halo
vest or cervical collar.

In case of application of traction, the weight
applied should not exceed 2-3 kg, so, as not to
distract the fractured fragments. Special care
must be given not only to the application of
traction, but, also, in its direction. Attention
must be paid when traction in flexion is applied,
because of the potential danger of a vertebral
artery lesion or of a neurological injury which
may induce respiratory compromise or other
neurological symptoms.

Fig. 6.12 Type D fracture: a split fracture (left) and a double fracture (right) of the odontoid process (at the base and

at the top of the odontoid process)
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Fig. 6.13 Type B
fracture. a Lateral view.
Note the fracture’s line
just above the Harris ring.
b A-P view of the same
patient

(a)

Fig. 6.14 Type CI1 fracture. Note the fracture’s line
crossing the upper part of the Harris’ ring

Stabilization must be kept for at least
4-6 weeks during which radiographic control of
the position of the fracture is necessary, as well
as careful examination for avoidance of compli-
cations related to the traction and prolonged
bed rest. After this period, the patient may be
mobilized using a four-point support brace for a
period of four to six more weeks. At the end of
10-12 weeks, dynamic X-ray views in flexion
and extension are taken in order to detect any sign
of instability. If instability is proven, then, surgi-
cal treatment must be considered. If no instability
is detected and the fusion is complete, the patient
must use a soft collar for a short period of time.

The use of a halo vest is not always recom-
mended as the rate of complications reported is
as high as 26 % [47-49] with older persons
suffering more from discomfort. Even more, the
traction obtained at the beginning is slowly
turned into compression, in the mobilized

patient, resulting in mal-union, if the reduction
of the fracture should be lost due to sliding.

The fusion rate in the conservatively treated
patients is reported to be from 35 % as high as 85
% [50], but this is related to the age and other
parameters, like the time the treatment was
applied, the type of the fracture and the initial
displacement; the latter is being correlated with
the direction (anterior or posterior) is displaced off.

Also, often, the traction applied leads to dis-
traction at the fracture site; this leads to devel-
opment of late instability and pseudarthrosis.

Vieweg and Schultheib [51], in contrast to
Wolter and Reimann [52], advocate the use of
halo vest in type II fractures, as the percentage
of healing is as high as 85 %, particularly in the
undisplaced ones; they conclude, also, that in
type 111, the halo vest is the treatment of choice
as the rate of healing is about 97 %.

The fractures of the odontoid process are
prone to complications either at the trauma
scene or later in the hospital.

Two of the complications appearing in a late
period are of importance and have to be well
clarified: pseudarthrosis and mal-union.

Of importance is the pseudarthrosis, these
fractures may develop and the potential danger
for late myelopathy [35], or for direct injury of
the spinal cord.

According to the literature, the percentage of
pseudarthrosis related to the applied treatment is
between 4 and 100 % for all types of fractures
and consequently complicating their treatment.
The predisposing factors which have been
accused for pseudarthrosis include age, mecha-
nism of injury, displacement, the blood supply
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of the odontoid process, the direction of frac-
ture’s line and type of fracture. Also, the appli-
cation of excessive traction, the stability of
immobilization, the timing of immobilization, as
well as the coexistence of other fracture, either
in the atlas or even in the axis itself, play a role
[45]. The internal architecture of the axis seems
to play an important role in the development of
pseudarthrosis [17]. Finally, the possibility of
interference of the transverse ligament between
the fragments may, also, cause difficulties in the
reduction in the fracture, resulting in the devel-
opment of pseudarthrosis. Some authors may
disagree as to the importance of some of the
above factors. To our experience, all the above-
mentioned factors play a certain role and con-
tribute to the development of pseudarthrosis
resulting in instability at the fracture site.

Age has an important role in pseudarthrosis
since it has been proved that non-union or
pseudarthrosis is found at a higher incidence in
patients over the age of 50 years. Fracture dis-
placement according to Blokey and Purser [53]
should not be correlated to pseudarthrosis.
However, other authors did not accept this
opinion. Appuzo et al. [54] described that a
shown displacement of more than 4 mm is of
significance. However, it is extremely difficult to
be aware of the original displacement that was
present at the time of the accident.

The traction applied, as well as its direction,
play a significant role according to Ryan and
Taylor [29]. This is due to the possibility of
creating a greater wedging at the fracture level
than the one desired, and to lead to a deformed
odontoid process.

The type of fracture is also implicated in the
development of pseudarthrosis since in fractures
involving the neck of the dens as well as the
direction of the fracture’s line this was in a rate
of 32 % and as high as 90 % [55, 56]. In our
experience, the types A, C and D are prone to
unite, while type B fracture has a high rate of
pseudarthrosis, particularly the one that shown a
posterior displacement of more than 5 mm or an
angulation of more than 10 degrees.

Table 6.1 Factors contributing to pseutharthrosis and
their grades

Type of fracture A 1
B 6
C 2
D 1
Displacement 0 mm 1
1-6 mm 2
>7 mm 3
Traction >4 Kr 1
<4 Kr 2
Stability Yes 0
No 2
Age <50 1
>50 2
Associated lesions at the upper 2

cervical spine

There is no doubt that the presence of coex-
isting injuries, as well as a delay in the diagnosis
or if the immobilization is not the proper one, then
this will increase the instability of the fracture.

The knowledge of these parameters as factors
influencing the development of a pseudarthrosis
obliged us to proceed in their grading, according
to the role each one plays. In this manner, the
evaluation of a fracture is more easier, as we will
predict the risk for pseudarthrosis [38]. It has
been estimated that if the sum of the graded
factors is greater than 10 points, then the fracture
must be characterized as being at risk of
pseudarthrosis and surgical treatment must be
considered (Table 6.1).

Pseudarthrosis in the elderly is not always a
major problem as it was prevented [22, 50] that this
is not accompanied always by a clinically signifi-
cant instability due to the development of fibrous
tissue at the fracture site (Fig. 6.15). However,
operation has tobe consideredifinstability persists
or if signs of myelopathy are elicited.

Operative treatment of dens non-unions is not
without risk, taking into consideration the age of
the patients the high comorbidity those patients
have and, also, knowing that the success rate is low.



6 Fractures of the Odontoid Process

55

i \‘ Yailid :—-

Fig. 6.15 Pseudarthrosis of a type B fracture. 27 years
later, there is mobility at the fracture’s site, and the
fracture’s line is still visible, there is no instability in

The second most frequent and severe com-
plication of the fractures of the odontoid pro-
cess concerns their mal-union [57, 58]
(Fig. 6.16). Special care so must be given to
this complication as may result in spinal canal
stenosis which may induce, in long term, cer-
vical myelopathy.

The greater the displacement and wedging of
the fracture, the less the width of the spinal canal.
This results in chronic compression or friction of
the dura matter and the spinal cord on the upper
posterior corner of the body of the axis and hence
cervical myelopathy [59]. The treatment of this
complication is difficult. It requires anterior or
posterior decompression combined with poster-
ior fusion extending from the occipital bone to
Cl1, C2 or C3 and even lower.

s
-
M

flexion—extension dynamic views, and the patient has a
full range of neck motion without complains

A number of minor complications may
accompany a fractured odontoid. Stiffness,
decreased range of movements, discomfort or
even mild pain are easily managed with physio-
therapy or other conservative methods. younger
patients response better, and an uneventful out-
come is usually achieved.

Failure to treat conservatively a fractured
odontoid is an indication for surgical interven-
tion [60, 61].

Instability must be treated operatively as soon
as possible. The operative approach is suggested
by many authors [41, 42, 62-64]. There are
several methods that allow the safe management
of the unstable fractures. This is done by closed
or open reduction, the use of osseous graft and
stabilization by means of a wire or nylon or use
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Fig. 6.16 Malunion of a type C1 fracture

-

Fig. 6.17 Brooks technique with wires

of implant(s). Auto-graft is the most suitable
material to be used for achievement of a stable
fusion. The approach used is anterior, lateral,
posterior or combined.
Posterior stabilization includes as follows:
Posterior C1-C2 wiring technique with
Gallie’s or Brooks’ techniques or other methods
[1, 40, 41, 64-67] (Fig. 6.17). The posterior
C1-C2 screw fixation is reported to be effective
in case of unstable odontoid fractures and for

Fig. 6.18 Anterior osteosynthesis

other pathologies, like atlanto-axial dislocation
or Jefferson fractures. Using these techniques,
we can stabilize the C1-C2 level, but the dis-
advantage of a potential injury to the vertebral
arteries and the limitation of the range of
movements of the neck are reality.

Anterior stabilization includes:

a. Application of a plate between the anterior
arch of the atlas and the body of the axis or
the vertebral body of C3 [68, 69]

b. Internal fixation with screw(s) [43, 70, 71]
(Fig. 6.18). This technique is gaining popu-
larity, but indications have to be set very
carefully as osteoporosis, fracture of the
anterior wall of the body of C2, posterior
displacement, comminuted or type D fractures
or even a narrow diameter of the spinal canal
are among the contraindications. The osteo-
synthesis of the odontoid process permits a
nearly normal function of the C1-C2 level.

Lateral stabilization includes as follows:
Fusion using the Dutoit technique [72, 73].

The lateral approach is used for a C1-C2

arthrodesis in case of traumatic instability,
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Table 6.2 Indications for treatment of an odontoid
fracture

Type A Conservative
Type B Conservative/surgical
Type C1 Conservative/surgical
Type C2 Conservative
Type D Conservative

tumors or infections and for cases in which
other, previously used approach, or a counter-
indication is present.

The surgical results seem to be better than
those achieved with a non-operative manage-
ment as the reported fusion rate is high between
80 and 100 %. However, there is not unanimous
acceptance of an appropriate treatment of
patients with these fractures, particularly in the
elderly population. Table 6.2 summarizes the
indications for the appropriated management of
an odontoid fracture.

The physiotherapist or physical training
instructor, has an important role to play in the
final outcome those patients should have. The
rehabilitation protocol generally includes three
phases. In the first phase (in-hospital), we use
the ergonomy position on the bed. In the second
phase, following removal of the sutures, gentle
range of motion exercises of the cervical spine is
started, followed by progressive increase in the
range of motion and strengthening exercises of
the neck muscles as tolerated. Finally, in the
third phase (2-3 months post-injury), increased
activities are allowed including aerobics, swim-
ming pool and exercises of the upper thoracic
muscles. Patients’ compliance remains the key
for a final acceptable outcome.
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Fractures of the Vertebral Body

Demetrios S. Korres and Nikolaos E. Efstathopoulos

Fractures of the body of the axis represent a
separate entity; the body itself is an anatomical
area well recognized. Many authors paid par-
ticular attention and have already described
these lesions [1-10]. Initially, authors referred to
as a non-hangman, non-odontoid fracture [11,
12], but we believe that these fractures could be
covered under one label that is fractures of the
body of the axis. This lesion is frequent,
accounting for about 11 % in our series.

Many attempts were undertaken to classify
the fractures of the body of the axis. Benzel [12]
in 1994 recognized three types according to the
orientation of the fracture: the coronal, the sag-
ittal, and the horizontal ones. Fijimura in 1996
[4] proposed four types according to the imag-
ing: avulsion fracture, transverse, burst, and
sagittal ones. Craig and Hodgson in 1991 [13] as
well as Héhnle in 1999 [7] added the shearing
type of lesion that is the anterior or lateral part of
the axis together with the odontoid process
separated from the rest of the body. There is no
doubt that as the axis body is subjected to a
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diversity of applied forces, the lesion that is to
be done is out of any planned model and the
variety of lesion is apparent, like the lesion
described by us [14]. The following patterns of
fractures have been distinguished:

a. tear drop fractures of the axis (or avulsion),
b. transverse fractures of the body,

c. vertical, and

d. miscellaneous.

a. Tear drop fractures involve the anterior
inferior corner of the vertebral body (Fig. 7.1).
They are characterized by an avulsed fragment,
of varying size, from the anterior inferior angle
of the body of the axis as a result of hyperex-
tension usually following a road traffic accident.
This type of injury is not frequent, representing
3 % of all cervical spine trauma.

Tear drop fractures of the axis are due to
hyperextension, leading to compression of the
posterior bony elements which then act as a
fulcrum. The avulsion fracture of the anterior
lower angle of the vertebral body is caused by
distension of the anterior longitudinal ligament.
The fracture line extends from the anterior part
of the vertebral body, backwards and down-
wards to the inferior end plate of the axis. The
injury also leads to rupture of the intervertebral
disc at the C2—C3 level from the junction of the
disc and the fracture line, which then extends
backwards. If the hyperextension force persists,
the injury may extend to the posterior ligamen-
tous elements, which may result in a posterior
displacement of the body of the axis [15], and
injury to the spinal cord; the latter is quite rare.
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Fig. 7.1 Tear drop fracture of the axis

Fig. 7.2 Tear drop fracture of the axis with fracture of
the spinous process of C6

These lesions are better managed conservatively
in a hard collar. The injury is accompanied very
often with a second fracture either of the axis
itself or of at another level (Fig. 7.2) [3].

The stability of the injury has been questioned
[15], but we believe that, in spite of the size of the
avulsed fragment or its displacement, this fracture
remains a stable lesion with a good prognosis.

The treatment of choice in the case of an
isolated “tear drop” fracture is conservative,
that is, immobilization, followed by the appli-
cation of a hard cervical collar, or a halo vest.
Operative treatment advocated by some authors
[15-17] seems to have no place. The presence of
a coexisting lesion may sometimes require a
more rigid and prolonged immobilization.

b. Transverse or horizontal fractures
(Fig. 7.3). The peculiar anatomy of the axis as
well as its internal architecture, together with
specific biomechanical responses, leads to dif-
ferent patterns of fractures of the body. Forces
like hyperextension alone or combined with
flexion are responsible for horizontal fractures of
the body which could presented in three ways:

Fig. 7.3 Horizontal fracture (Chance type) of the body
of the axis
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(b)

Fig. 7.4 Vertical fracture of the body of the axis. a Coronal, b sagittal CT scan, and ¢ CT scan of a sagially oriented

fracture

a. as a fracture starting at the anterior wall of the
axis and extending parallel to the lower sur-
face of the body, towards the posterior wall,
below the pedicles,

b. as a fracture extending from the anterior wall
posteriorly through the body and the posterior
arch, representing a Chance type of fracture, and

c. as a fracture extending from the posterior
wall anteriorly at the upper aspect of the
vertebral body, representing the previously
described by Anderson-D’ Allonzo as type III
fracture of the odontoid process.

All these patterns of fracture, although descri-
bed in the literature [1, 4, 6, 12, 18], are very
uncommon. These fractures although represent a
potentially unstable lesion, their prognosis is good,
responding well to a non-operative treatment.

c. Vertical fractures . These are fractures
created from excessive axial loading. There are
two sub-groups:

a. the vertical fracture with a coronal orientation

(Fig. 7.4a) and
b. the vertical fracture presenting with a sagittal

oriented lesion (Fig. 7.4b).

Benzel in 1994 [12] described the mechanism
involved (axial loading); the position of the head
will determine the pattern of fractures, as it is the
factor which will indicate the area the force will
hit the axis vertebra. CT scan reconstruction is a
useful tool to understand the type of injury
(Fig. 7.4c¢).

d. Miscellaneous. This group includes a
variety of fractures which result after the appli-
cation of force in certain direction and depend-
ing on the position of the axis vertebra in
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Fig. 7.5 a Shear-type fracture of the body of the axis. b Compound fracture of the lateral side of the body of the axis

relation to the head and in relation to the rotation
the neck had at the time of injury. Therefore,
there are fractures described as shear fractures,
oblique, far laterally vertical, compound or
multiple (Fig. 7.5a, b) [6-8].

A shear-type fracture is due to asymmetrical
axial compression [7], while hyperextension
with additional lateral flexion or rotation is
believed to be the mechanism of an oblique
fracture [19]. An axial force combined with
lateral bending and rotation can also lead to
collapse of the lateral mass [6]. The weak point
for explanation of the mechanism of these
fractures is the small series published till now
that cannot permit to draw valuable conclusions.

Meanwhile, it seems to be an agreement as far
as the management of these lesions is concern.
Conservative treatment with a halo vest should be
attempted initially, and in case of failure of
reduction or fracture displacement, atlantoaxial

fusion is recommended. The involvement of the
joints in certain of these fractures will lead sooner
or later to arthritic alterations.
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Fractures of the Posterior Arch

Efstratios Kavroudakis and Demetrios S. Korres

Fractures of the posterior arch of the axis vertebra
may include the pedicles (unilateral or bilateral)
or the spinous process (Fig. 8.1); the latter are
uncommon, do not cause any serious complica-
tions and are associated with an uneventful out-
come. Of greater importance are the fractures
occurring at the anatomic area of the pars in-
teraticularis. In such cases, one has to deal with a
traumatic spondylolisthesis, a serious injury fre-
quently seen in the emergency rooms. For this
type of injury, instead of hangman’s fracture, we
prefer to use the term traumatic spondylolisthesis
of the axis.

8.1 Traumatic Spondylolisthesis

of the Axis

Traumatic spondylolisthesis of the axis is the
second most common fracture of the second
cervical vertebra (C2) with an incidence of about
37 %. It involves a bilateral fracture of the pars
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interarticularis with variable displacement and
angulation of the C2 over the C3 vertebra.

It was described by Haughton in 1866 [1] who
studied the cervical spine of persons executed by
hanging. Garber in 1964 [2] was the first to use
the term “traumatic spondylolisthesis of the
axis”. Biomechanically, four types of forces
contribute to the development of such fractures,
acting either separately or in combination:
hyperextension, traction, compression and flex-
ion. Two distinct mechanisms are reported. The
first is the result of a combined hyperextension-
compression-flexion force, as in the case of a
person falling from a height and landing with the
face towards the ground or of a victim of a traffic
accident hitting the frontal glass of the car with
his head. The second mechanism is the result of a
hyperextension-traction force as in the originally
described hangman’s fracture.

The common feature in both fracture mech-
anisms is the hyperextension and is probably the
causative factor of the initial injury (rupture of
the anterior longitudinal ligament). The inferior
articular process of the axis collides with the
superior articular process of C3 resulting in
fracture of the pars interarticularis of the axis
with or without avulsion fracture of the anterior
surface of C2 or C3.

If hyperextension is followed by a flexion
force (like in a whiplash injury), the interverte-
bral disc may be detached, more commonly
from the body of C3 and less often from the
body of the axis leading to rupture of the pos-
terior longitudinal ligament and consequent
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Fig. 8.1 Fracture of the spinous process of the axis

anterior translation of the body of the axis. If the
flexion force persists, dislocation of the articular
processes also occurs [3].

Three main classifications have been reported
for the traumatic spondylolisthesis of the axis: (1)
Effendi’s classification, (2) Francis’ classifica-
tion, and (3) Levine and Edwards’ classification.
Effendi’s classification [4] of traumatic spondyl-
olisthesis of the axis and its modification by
Levine and Edwards [5] is based on the degree of
angular deformity and anterior dislocation of the
axis with respect to the body of C3 (Figs. 8.2,
8.3). Type I (69 % in our series) refers to bilateral
fractures of the pars interarticularis with anterior
dislocation of <3 mm and no angulation
(Fig. 8.4). It represents a stable injury that does
not increase with flexion and that is reduced with
extension of the cervical spine. The mechanism
of injury is a combination of hyperextension and
axial compression. A small avulsion fracture of
the anterior rim of C3 or the posterior lower rim of
the axis may be present as well. Moreover, other
injuries that are due to hyperextension may
coexist, such as fracture of the posterior arch of
the atlas (C1), Jefferson’s fracture, fracture of the
lateral mass of C1 and fracture of the odontoid
process [6]. Type I (27 %) is characterized by an
anterior dislocation of the axis of >3 mm and
significant angulation of >11° (Fig. 8.5). There is
concomitant rupture of the C2—-C3 intervertebral

Fig. 8.2 The anterior dislocation (D) of the fracture is
calculated by measuring the distance between the two
lines that run parallel to the posterior border of the axis
and C3 at the level of C2-C3 intervertebral space
(Courtesy of Dr Zachariou)

Fig. 8.3 The angular deformity of the fracture is
measured by the angle (®) that forms between the lines
that run parallel to the inferior epiphyseal plates of the
axis and C3



8 Fractures of the Posterior Arch

O

Fig. 8.4 Effendi’s type I traumatic spondylolisthesis

3

Fig. 8.5 Effendi’s type II traumatic spondylolisthesis

disc and the posterior longitudinal ligament. The
anterior longitudinal ligament remains intact,
although in some cases, it may be detached from
the bodies of the axis and C3 [7]. There is a double
mechanism of injury. Initially, a hyperextension
force will fracture the pars interarticular without
any serious ligamentous injury. Then, a flexion-
compression force will rupture the posterior lon-
gitudinal ligament and the intervertebral disc,
resulting in anterior dislocation of the body of the
axis and varying degrees of angulation. Type III
(4 %) results from flexion-compression and is

Fig. 8.6 Effendi’s
type III traumatic
spondylolisthesis

characterized by bilateral fractures of the pars
interarticularis and unilateral or bilateral dislo-
cation of the C2-C3 facet joints, and significant
anterior dislocation and angulation of the axis
(Fig. 8.6). This type of injury is considered par-
ticularly unstable because of the free floating
articular processes, and it is most commonly
associated with neurological deficits [7].

In 1985, Levine and Edwards modified
Effendi’s classification by adding one subtype:
type Ila results from combined flexion-distrac-
tion and is characterized by increased anterior
angulation of the body of the axis without
anterior dislocation (Fig. 8.7). These fractures
are considered unstable [5]. Francis et al. clas-
sification [3] includes five types as follows:

Type I, anterior displacement <3.5 mm and
angulation <11°.

Type 11, anterior displacement <3.5 mm and
angulation >11°.

Type 111, anterior displacement >3.5 mm but
less than half the width of C3 and
angulation <11°.

Type IV, displacement >3.5 mm but less
than half the width of C3 and angulation >11°.

Type V, associated rupture of the interverte-
bral disc.

The first two classifications have been shown
to be more realistic and are accepted by the
majority of orthopaedic surgeons.

The clinical presentation of the traumatic
spondylolisthesis of the axis is relatively mild.
There is restriction of rotational movements and
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Fig. 8.7 Type Ila traumatic spondylolisthesis in a halo
vest

local pain. Neurological deficits are uncommon
and are usually caused by a double level injury of
the spine, most commonly the atlas, due to the
development of a higher degree of instability of
the upper cervical spine. The neurological injury
may be the result of direct injury of the spinal cord

Fig. 8.8 a. Traumatic
spondylolisthesis (type I)
combined with a tear drop
fracture of the axis.

b. Traumatic
spondylolisthesis with
concomitant fracture of C5
(Courtesy of Dr.
Zachariou)

(a)

or the vertebral arteries, or it can be caused with an
attempt to reduce the fracture. It can be mild, with
paresthesia, or more severe with hemiparesis,
hemiplegia and Brown-Sequard syndrome.
Arnold type cervical pain is uncommon. Most
often, it is transient and subsides with appropriate
treatment. In 79 % of cases, there is a coexistent
injury to the head or to another level of the spinal
cord. In 30 % of cases, a fracture of the arch or an
avulsion fracture of the body of the axis or C3 may
coexist (Fig. 8.8a). The most common associated
injury is the fracture of the posterior arch of the
atlas. Fractures of the lower cervical, thoracic or
lumbar spine may also occur (Fig. 8.8b) [8, 9].
In 90 % of cases, the diagnosis is based on
standard radiographs. Computed tomography
may provide additional information on the
extent and nature of the fracture. If the fracture
line extents to the transverse foramen then
angiography is essential to assess the vertebral
arteries (Fig. 8.9). The ligamentous injuries are
better evaluated by magnetic resonance imaging.
Although the fracture line involves the pars
interarticularis bilaterally, most of the times, this
is not in a symmetrical manner due to the dif-
ferent combinations of rotational forces that
participate each time to the mechanism of injury
(Fig. 8.10). The presence of fracture asymmetry
implies the rotational deformation of the axis
and thus could render closed reduction through
skeletal traction problematic and probably

- (b)

’
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Fig. 8.9 Traumatic spondylolisthesis. Reconstruction
image at the level of C2; the slice is sowing extension
of the fracture to the left transverse foramen threatening
the vertebral artery

Fig. 8.10 Asymmetry of fractures (Courtesy of Dr.
Zachariou)

insufficient. Moreover, if the fracture line
extends to the transverse foramen, the vertebral
artery may be injured during skeletal traction
[6]. The asymmetrical fractures may have an
increased incidence of pseudarthrosis due to
their increased degree of instability. However, it
seems that this is not true, as recent studies did
not show any relation between fracture asym-
metry and outcome [10].

Fig. 8.11 Brook’s technique with nylon sutures

Traumatic spondylolisthesis of the axis is
generally considered as a stable injury if no
injuries to the C2-C3 intervertebral disc, the
posterior longitudinal ligament or the articular
surfaces are present. The criteria of instability, as
defined by White and Panjabi [11] and Roy
Camille et al. [12], involve anterior dislocation
of >3—5 mm and angulation >11°. In addition,
Coric et al. [13] suggested that an anterior dislo-
cation of >6 mm or displacement of the
body >2 mm in dynamic radiographs should be
considered as additional signs of instability. Type
ITa and certainly type III are unstable injuries.

Once the injury has been recognized and
classified, proper treatment should begin. The
aim of treatment is the anatomic reduction and
proper stabilization of the fracture. Initially, type
I fractures should be treated conservatively with
immobilization with a Philadelphia collar or a
halo vest for 8—10 weeks. If following dynamic
flexion and extension radiographs instability is
present, operative treatment is indicated. Type II
fractures require closed reduction with skeletal
traction and extension of the cervical spine. This
is achieved by placing a pillow between the
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Fig. 8.12 a. Type III
traumatic
spondylolisthesis, b. Two
years after the injury,
spontaneous C2—-C3 fusion
is observed

scapulae of the patient. Five to seven days later,
the traction is removed. If reduction of the
fracture is acceptable (anterior disloca-
tion <4-5 mm and angulation <10°), a halo vest
should be applied for 3 months. If there is loss of
reduction, skeletal traction must be continued
for 4-6 weeks followed by a halo vest for
another 6 weeks. Type Ila fractures are reduced
through extension of the cervical spine com-
bined with mild axial compression. In this type
of injury, operative treatment is indicated.
Skeletal traction should not be applied because
the back sliding of the intervertebral disc causes
widening of the posterior intervertebral space
and kyphotic deformity of the cervical spine.
Type III fractures should be treated initially with
traction through a halo vest; however, proper
reduction is not always possible. Surgical treat-
ment is strongly advocated [5, 14-16] as
reduction in the dislocated fracture is feasible
only through surgical intervention since the
inferior articular facets have been separated
from the rest of the axis and cannot be reduced
by ligamentotaxis. Posterior C2—C3 stabilization
is recommended and will also result in correc-
tion of the kyphotic deformity. Anterior stabil-
ization should be avoided although it is
advocated [17], because of the injury of the
anterior longitudinal ligament that is the only
remaining stabilizing structure. Furthermore,

(b)

anterior stabilization should also be avoided if
there is an avulsion fracture at the anterior-
inferior angle of the body of the axis. Alterna-
tively, the spinous processes of the axis and C3
can be stabilized with wires [18], or other
techniques (Fig. 8.11) [5, 19-22]. Important to
note is the fact that nearly 80% of cases of
traumatic spondylolisthesis, despite the type of
injury, spontaneous fusion, mainly anteriorly,
between the bodies of the axis and C3 may occur
(Fig. 8.12a, b) [5, 9]. In case of failure to reduce
the fracture, surgery via an anterior [17] or
posterior [23] approach is indicated.

8.2  Results

Literature data report that most of the patients
with traumatic spondylolisthesis of the axis can
be treated successfully conservatively [9, 13, 24,
25]. However, there are studies pointing out to
surgical stabilization due to the instability of
these injuries [26]. Mestdagh et al. [27] observed
greater range of motion of the cervical spine in
30 patients treated conservatively with halo vest
than in 11 patients who were treated surgically.
They recommended that initial treatment in
every patient should be conservative unless there
is evident instability or pseudarthrosis of the
fracture. Grady et al. [28] treated 16 patients
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with halo vest, eight patients with Philadelphia
collar and three patients with bed rest. Fracture
healing was achieved in all their patients, and
the authors claimed that the Philadelphia collar
and the halo vest have comparable results in the
treatment of the minimally displaced fractures.
We share the same opinion provided to properly
apply the conservative treatment; this may
require a prolonged absence of the patients from
their everyday activities.
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Multiple or Complex Fractures

Demetrios S. Korres and Andreas F. Mavrogenis

Multiple or complex fractures of the axis are
rare injuries occurring following the application,
nearly simultaneously, of more than one forces;
hyperextension seem to be the predominant
force [1, 2]. This injury was reported in the past
but not as a separated entity [3] and a low
attention has been given to it. In line with the
literature, the incidence in our experience was
0.9 % of all cervical spine fractures or 5 % of all
axis fractures [1-4]. The diagnosis of these
injuries depends on the precise history of the
accident’s conditions, a high degree of suspicion
and careful imaging examination. The clinical
examination reveals the same findings as in
isolated lesions (such as odontoid process frac-
ture or traumatic spondylolisthesis) that is pain
on the neck and the occiput, painful and severe
restriction of the range of motion of the cervical
spine, and a higher incidence of neurological
signs because of greater displacement and rela-
ted instability.

D. S. Korres (X))

3rd Orthopaedic Department, KAT Hospital,
University of Athens, Heyden 10, 104 34, Athens,
Attika, Greece

e-mail: demiskorres@gmail.com

A. F. Mavrogenis

First Department of Orthopaedics, University of
Athens, Attikon University Hospital, 41 Ventouri,
155 62, Athens, Attika, Greece

e-mail: afm@otenet.gr

D. S. Korres (ed.), The Axis Vertebra,

Radiographs should include the lateral
(Fig. 9.1a) and open mouth views, while CT-
Scan should follow in order to better visualize
the injured area; here to note the need for
acquisition of <1 mm thin slice width and the
importance for acquisition of reconstructive
images or even 3-D reconstruction (Fig. 9.1b, c).

The combination of two fractures concerning a
traumatic spondylolisthesis and a fracture of the
odontoid process is the commonest type of injury
[2, 5], while other combinations include a tear
drop fracture to a traumatic spondylolisthesis,
fracture of the odontoid process with an associ-
ated fracture of the lateral mass (Figs. 9.2) [6], or
very rarely simultaneous fractures of all three
anatomic elements of the axis (Fig. 9.1a) [2].

The treatment depends on the stability of the
injury. Stable fractures are better treated con-
servatively with initial immobilization using
either skeletal traction or a halo vest for a period
of 10-12 weeks, and a promising prognosis.
Unstable lesions are treated surgically depend-
ing on the unstable level. However, not always,
is better for the patients to offer the best
opportunity with a less aggressive surgery. So,
in some instances, it will be worthy to operate
only the more unstable injury for example only
an unstable fracture of the odontoid process and
treat conservatively a type I traumatic spondyl-
olisthesis or a tear drop fracture.

Initially the fracture has to be reduced by
skeletal traction or in halo, and then stabilized
using either a modified Brooks technique [3], or
osteosynthesis with screws and plates or even
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Fig. 9.1 Multiple fractures of the axis. a Lateral radio-
graph shows a tear drop fracture, traumatic spondylolisthe-
sis and fracture of the odontoid process. b Reconstruction

Fig. 9.2 Tear drop fracture and traumatic spondylolis-
thesis associated with a fracture of the posterior arch of
the atlas

with anterior screw fixation of the odontoid
process and posterior fusion [2, 7, 8]. Posterior
fusion, although it has a high rate of success it is
not without problems regarding the function of
the cervical spine as it reduces significant the
range of motion in rotation and flexion—exten-
sion [9]. The lack in the literature of large series
is probably the reason why there is not a clear
consensus regarding the management of these
injuries, thus, it is not possible to easily treat
these so vary lesions.

image shows a double fracture of the odontoid process. ¢ 3-
D CT scan reconstruction shows a tear drop fracture (white
arrow) and traumatic spondylolisthesis (black arrow)

The management of all the previously
described injuries either conservative or opera-
tive should be completed with an individualized
program of physical therapy. In the post-injury,
and more important the post-operative period all
cases have to be rehabilitated appropriately and
with care. The soft tissue injury, fractures and
particular fusion in anatomic position will
influence the biomechanics of the occipito-cer-
vical area.
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Atlantoaxial Dislocation

10

Panagiotis K. Karampinas and Demetrios S. Korres

The atlantoaxial joint is the most mobile seg-
ment of the spine. It allows 3 planes of move-
ment: angular motion (flexion and extension),
rotation (right and left) and linear motion,
translation (anterior and posterior, right and
left). Four are the types of atlantoaxial disloca-
tion: anteroposterior dislocation, rotatory dislo-
cation, central or vertical dislocation and mixed
dislocation (any two or three of the above)
(Fig. 10.1). Anteroposterior dislocation is in one
plane and one direction, due to transverse liga-
ment laxity and when there is os odontoideum.
Central-vertical instability is characterized by
dislocation of the body of the axis into the ring
of the atlas and should be differentiated from
basilar invagination that is upwards (vertical)
displacement of the atlas. The rotatory disloca-
tion is usually in one plane and one direction
[1-3]. Atlantoaxial rotatory dislocation (AARD)
was first described by Bell in 1830 and is char-
acterized by rotational displacement between the
atlas and the axis [4].
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10.1 Atlantoaxial Rotatory

Dislocation

10.1.1 Etiology and Anatomy

The atlantoaxial stability depends on ligamen-
tous integrity and joint’s anatomical elements
(articular surface and joint capsule). It is a rare
injury in children and even more rare in adult. It
is often encountered in young patients (0.6 %)
[5-7]. Children are characterized by greater
ligamentous laxity and wider range of joint
motion (horizontal orientation of the articular
surface). Therefore, higher forces are required to
provoque ligamentous injuries that would result
in joint dislocation [1, 5, 6, 8].

Atlantoaxial rotatory dislocation may result
either primarily from osseous or ligamentous
abnormality after direct trauma or secondary to
other entities such as congenital cervical spine
anomalies, degenerative rheumatoid arthritis
(Grisel’s syndrome), and more rarely tumors and
spinal infections. Congenital pathologies include
Down’s (symptomatic 1-2 % and asymptomatic
10-20 %), Morquio’s and Marfan’s syndromes
[4, 5, 9, 10]. Trauma alone is a rare cause of
atlantoaxial joint rotatory dislocation and if so it
is probably associated with other injuries of the
lower levels of the spine. The traumatic cause of
atlantoaxial dislocation may coexist with those
pathologic entities. Conditions with associated
laxity carry an increased incidence of traumatic
atlantoaxial dislocation [1, 7, 11, 12].
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The transverse ligament contributes to the
atlantoaxial joint stability by stabilizing atlas in
the anteroposterior line. At the second line of
defense there are the alar ligaments which prevent
the anterior shift of the atlas and the excessive
rotation of the atlantoaxial joint. Biomechanical
studies evaluating the transverse ligament con-
cluded that it allows 65° of rotation of the atlas
around the odontoid apex thus stabilizing the atlas
in the anteroposterior plane. Complete or contra-
lateral atlantoaxial dislocation with obliteration
of the spine canal (>12 mm) can be consider safe
when transverse ligament tear and anterior sliding
of the atlas <5 mm in children and 3 mm in adults
or rotation >45° are observed. Alar ligaments are
considered as rotational stabilizers and their tears
are responsible for rotational dislocation. Mech-
anisms associated with atlantoaxial dislocation
include flexion-extension, distraction as well as
rotational forces [1, 5, 12, 13].

10.1.2 Classification

AARD is classified according to Fielding and
Hawkins (Fig. 10.1) [14]. Type I injuries are
characterized by rotation of atlas associated with
bilateral dislocation but without sliding in the
anteroposterior plane. In Type II injuries, an
anteroposterior sliding of the atlas not more than
3-5 mm with associated contralateral disloca-
tion is observed (rotationally unstable injury
with incompetence of the transverse alar liga-
ment). Type III injuries are characterized by
sliding of atlas in the anteroposterior plane
>5 mm and bilateral dislocation (unstable
injury with transverse and alar ligament tear),
while Type IV injuries show posterior sliding of
the atlas with associated dislocation of one or
both atlantoaxial joints (unstable rare injury
associated with congenital aplasia of odontoid
apex). Apart those types, a vertically upwards
dislocation may be encounter, although it rep-
resents a rare lesion [15]. Type I injury is the
most common type, rotationally unstable but
with intact transverse ligament, while type IV is
rare but potentially dangerous [16].

10.1.3 Clinical Presentation
and Differential Diagnosis

The patient with AARD usually presents with
torticollis, distortion of the head in anterolateral
flexion toward the injured site and rotation
toward the opposite site. Torticollis is subdi-
vided according to the etiology in traumatic and
non traumatic. Traumatic torticollis is recog-
nized after rotatory atlantoaxial dislocation,
atlantoaxial subluxation, cervical spine fracture,
muscular and ligamentous injures. Differential
diagnosis should also include congenital torti-
collis, infections of the spine (otitis media,
pharyngitis or retropharyngeal abscess), cervical
adenitis and tumors. Traumatic torticollis should
always raise suspicions to the Emergency Room
Physicians to evaluate this type of injuries. On
clinical examination head and facial injuries
may be present. Other useful clinical signs
include: (a) sternocleidomastoid muscle con-
traction contralateral to the injury in a effort to
reduce head distortion, (b) difficulty to bring the
head back to the middle line, (c) limited range of
motion of the cervical spine and (d) severe pain
while attempting the reduction of the distortion
[6-8, 13, 17].

AARD can be often misdiagnosed. Such injury
can be easily reduced if recognized and treated
within the first few hours (no later than 24 h).
Delayed treatment of unstable atlantoaxial dislo-
cation causes stiffness of the atlantoaxial joints
due to muscle, capsule and ligament shrinking
after repeated micro-dislocations and inflamma-
tions. Moreover, voice alteration, due to pressure
on the laryngeal nerve and the vocal cords, diffi-
culty in swallowing and displacement of the
shoulder can also be observed. Lower cranial
nerve palsies, myelopathy and injury of the cer-
vical artery have been reported following unstable
AARD. The clinical picture of these injuries
varies according to the severity of the spinal cord
injury and can even cause death. Symptomatic
patients have higher risk of progressive neuro-
logical symptoms, sensory deficit, neurogenic
bladder, upper motor neuron signs, hemiplegia
and quadriplegia [6-8, 18].
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Fig. 10.1 Schematic
presentation of Fielding’s
and Hawkin’s classification
for atlantoaxial instability

| Type I of rotatory atlantoaxial dislocation | | Type II of rotatory atlantoaxial dislocation

/7

Type III of rotatory atlantoaxial dislocation| |Type IV of rotatory atlantoaxial dislocation

10.1.4 Radiographic Evaluation

The radiographic evaluation is difficult due to the
injury’s nature and the technically demanding
appropriate radiographs. Evaluation of traumatic
cases should be performed immediately and
include the entire cervical column, particularly in
patients with a Glasgow Coma Scale of <13 (C1-
T1). For non-traumatic cases, evaluation can take
place even after a week of conservative treatment
with cervical collar and anti-inflammatory med-
ication. Radiographs should include anteropos-
terior, lateral and open-mouth odontoid plane
views (Fig. 10.2), while potential instability can
be identified on dynamic flexion-extension views.
The evaluation of the entire cervical spine even
up to T1 vertebra or lower is mandatory to rule out
double level injures of the spine [17].

The open-mouth odontoid view can be
indicative in detecting potential asymmetry
between the atlas and axis with unilateral dis-
placement of the lateral mass and diastasis of
the atlanto-odontoid space. During traumatic

torticollis, suspicion of rotatory dislocation
must be set when the distance between the
odontoid apex and atlas [atlanto—dens interval
(ADD)] is >5 mm and an anterior sliding of the
atlas with discontinuity of the posterior cervical
line is present (Fig. 10.3). Prevertebral swelling
(>7 mm) at this level, is an important radio-
logical finding for upper cervical spine trauma.
This injury shows a high risk for neurological
damage. The posterior atlanto—dens interval
(PADI), the available space for the spinal cord
between the posterior border of the dens and
the anterior border of the posterior tubercle,
has to be >14 mm. A PADI <12 mm is asso-
ciated with an increased risk of neurological
damage [6, 7, 11, 19]. If radiological exami-
nation cannot be conclusive, a CT-scan should
be performed (Fig. 10.4). The three dimen-
sional reconstruction CT-scan provides an
accurate picture of the injury and its severity
(Fig. 10.5). In certain cases, a dynamic CT-
scan can also be performed [20, 21]. Villas
et al. [22] correlated the severity of injury with
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Fig. 10.2 Anteroposterior, lateral and open-mouth views of the cervical spine show a type I traumatic rotatory
atlantoaxial dislocation

Fig. 10.3 The posterior atlanto—dens interval and atlanto—dens interval. The PADI has to be >14 mm (a). The ADI is
>3 mm (b) and 5 mm (c) during rotatory unstable traumatic dislocation suspicion

Fig. 10.4 CT scans show
a type I traumatic rotatory
atlantoaxial dislocation

the percentage of the uncovered joint surface 10.1.5 Treatment

following dislocation. Additionally, MRI rep-

resents a reliable tool for the detection of Treatment must start immediately after the
transverse and alar ligament lesions [6, 7, 16, injury to avoid shrinking of the soft tissue of the
23, 24]. joints and stiffness of the deformed cervical
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Fig. 10.5 Three dimensional reconstruction CT scans show a type I traumatic AARD

spine. The time elapsed between diagnosis and
treatment determines the results and prognosis.
Treatment time has been shown to correlate with
the recurrence of dislocation recurrence and
failure of reduction. After the diagnosis of
atlantoaxial dislocation with a CT-scan, reduc-
tion must be attempted with manipulation and
application of jaw-occipital or skeletal traction.

Reduction of the dislocation has to be
accomplished within the first 2-3 days following
the injury [6, 7, 17]. Following adequate
reduction, patient’s cervical spine is immobi-
lized with a cervical collar or a halo vest for
6—-10 weeks. The patient should be followed up
regularly with radiographs until stability of the
cervical spine is achieved. Treatment with
closed reduction and immobilization resolves
the torticollis and restores the distortion in
almost 95% of cases. Patients receiving delayed

Fig. 10.6 Schematic
presentation and
radiograph show an
unstable type IV traumatic
rotatory atlantoaxial
dislocation

treatment require cervical skeletal traction for
5-8 days and immobilization for a longer per-
iod, until 3 months with a halo vest. If the time
elapsed between diagnosis and treatment is more
than 3 weeks, a high rate of reduction failure
and if reduced (difficult) recurrence is observed
[6-8, 11-13, 18].

When the treatment is delayed or the dislo-
cation is not reduced, permanent deformity is
installed making impossible the reduction of the
lesion. In such cases, reduction with a hallo vest
or surgical treatment and arthrodesis of the
atlantoaxial complex to avoid further instability
represents the only feasible treatment options
(Fig. 10.6).

The described surgical techniques include
Brook’s and Gallie’s sublaminar wiring tech-
nique, Magerl’s transarticular screw fusion, as
well other less often applied techniques [25, 26].
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Posterior fusion with transarticular screw fixation
and sublaminar wiring is the most stable treat-
ment technique [27]. The surgical intervention
cannot fully restore rotational deformity of the
cervical spine and achieve a normal function of
the atlantoaxial area. Main goals of the surgical
treatment are to protect the spinal cord, stabilize
the spinal column, decompress neural tissue and
reduce the deformity. The functional and range
of motion deficit are compensated by the lower
cervical spine [6, 8, 16, 28-31].
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In 1954, Lahey used an anterior approach
between the carotid sheath and the esophagus
anterior to the sternocleidomastoid muscle [1].
In 1957, Southwick provided a more detailed
description of the fascial planes traversed in this
surgery [2] and Robinson in 1959 performed the
first anterolateral retropharyngeal procedure [3].
In the past, anterior approach to the upper cer-
vical spine have requested a transoral approach
[4], a lateral extra pharyngeal approach [5], a
dislocation of the temporal mandibular joint [6],
an osteotomy of the mandible and a tongue
splitting approach [7]. Surgical exposure of the
upper cervical spine is considered difficult and
dangerous because of the anatomical complex-
ity, the deep location, and the proximity to vital
neurovascular structures. These approaches to
the spine generally are performed by an expe-
rienced spine surgeon and, as a rule, this type of
surgery is not appropriate for those who only
occasionally perform spinal surgeries. A team
approach is preferred to use the skill of an
orthopaedic surgeon, a neurosurgeon, a thoracic
surgeon and a head and neck surgeon. Ortho-
paedic surgeons should have a working
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knowledge of the underlying viscera. Anterior
spine surgery has few complications, but a high
risk of significant morbidity. Thus these
approaches should be used with care and only in
appropriate patients. The choice of the approach
which would be performed depends on the
preference and the experience of the surgeon,
the patient’s age and medical condition, the
segment of the spine involved, the underlying
pathology and the presence or absence of neural
compression.
The surgical approach to the upper cervical
spine (C1-C2) can be (Fig. 11.1):
1. Anterior, with transoral approach and its
modifications,
2. Lateral,
Anterolateral,
4. Posterior, with the direct approach to the
posterior arch of the atlas and axis.

bt

11.1  Anterior (Transoral) Approach

Contra-indications for the anterior transoral
approach include elderly patients with rheuma-
toid arthritis, patients with mandibular disorders,
and those with large tumors with vertebral artery
involvement.

Preoperative planning should include evalu-
ation of medical comorbidities and nutritional
status, dental and oral cavity evaluation for
infection, and administration of standard preop-
erative antibiotic therapy with an intravenous
cephalosporin and metronidazole.
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Fig. 11.1 Cross section at
the level of the axis. Note
the surgical approaches to
the axis. m muscle, v vein

Anterior transoral
approach

Antero-lateral
approach

Digastric m.
(posterior
belly)

Sternomastoid m.

Postero-lateral
approach

Posterior approach

11.1.1 Position

The patient is placed in a supine position with
the head in a padded headrest. Nasotracheal
intubation is preferred. The lips and tongue are
coated with 5 % cortisone cream. The oropha-
ryngeal area is prepared with antiseptic solution
(povidone iodine), and a throat packing is placed
to prevent debris from falling into dependent
laryngeal spaces or the trachea. An epinephrine
solution is injected along the site of planned
incision. The patient can also be placed in a mild
reverse-Trendelenburg position in order to pre-
vent possible aspiration. The interdental gap can
be widened with various retractors. The soft
palate can often be elevated with a malleable
self-retainer. Alternatively, two Red Robin
catheters can be fed through nares and brought
out from the mouth. The ends on each side is
tensioned superolaterally and secured into the
drapes. A retraction of the soft palate superiorly
with a suture and transnasal rubber catheter is
also an option. Although surgical loupes with

Tongue
/ Mandible
/ _ Facialv,
,/./ Buccinatorm.
. Masseter m.

Longus cervicis m.

Longuscolli m,

Retromandibular v.

Parotid gland

Tugular and carotid
, vessels

Digastric m.
(posterior belly)

C2vertebral body
Obligquus capitis
inferior m,

Splenius capitis m.
Semispinlis capitis m.

Trapezius m

overhead illumination can be used in these
cases, an operating microscope provides a
clearer image and allows for easier assistant
participation.

11.1.2 Technique

Incision: The entrance to the oral cavity between
the upper and lower incisors must be at least
2.5-3.0 cm in order to have adequate loupe or
microscope visualization and introduce instru-
ments (Fig. 11.2). A midline incision is made
into the posterior pharynx extending from the
rostral clivus to the C2—C3 interspace, exposing
the prevertebral fascia and longus colli muscles.
These tissues are dissected laterally revealing
the clivus, the anterior arch of the atlas and the
odontoid peg (Fig. 11.3a). The incision is made
full thickness to bone through the mucosa and
pharyngeal musculature. If additional superior
exposure is required, the soft palate may be
incised in the midline starting on one side of the
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Fig. 11.2 The transoral
approach to the axis

Eustachian

tube orifice \

Archof C1 ~ .
Odontoid \\a
process of C2 R

base of the uvula and laterally retracted. Sub-
periosteal dissection of the anterior longitudinal
ligament is done with electrocautery and should
be carried out from the midline. Lateral eleva-
tion on the atlas should be restricted to 1.5 cm
from the midline (the width of the exposure is
maintained at approximately 3 cm), as the ver-
tebral arteries, internal carotid arteries, and
hypoglossal nerves are at risk with more
aggressive lateral exposure (Fig. 11.3b). The
internal carotid artery can be quite close to the
midline, as suggested by Currier et al. [8], who
found it more than 7.5 mm medial to the fora-
men transversarium in 6 % of their subjects [8].
The hypoglossal nerve lies approximately
2-3 mm lateral to the middle of the anterior
aspect of the lateral mass of the atlas [9]. If
access to the odontoid is desired, the central
1-1.5 cm of the atlas may be resected to expose
the upper portion of the axis. The anterior arch
of the atlas is drilled out, and the inferior clivus
is remove. The dural circular sinus (basilar
plexus) has to be carefully dissected off the
inferior border of the clivus to prevent

hemorrhage and/or dural injury and a subsequent
cerebrospinal fluid leak. The anterior portion of
the atlas should be removed, attempt to preserve
the transverse ligament, if possible. The trans-
verse ligament prevents lateral displacement of
the atlas lateral masses, which can lead to cra-
niocervical instability. If it cannot be preserved,
a posterior occipitocervical arthrodesis may be
necessary.

11.1.3 Extensions

It may be combined with palatal or mandibular
splitting procedures for additional rostral and
caudal exposure [10].

11.2 Lateral Approach

In 1966, Whiteside’s and Kelly introduced the
lateral approach to the upper cervical spine as an
alternative to the anterior transmucosal and
anterolateral retropharyngeal approaches [5].
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Fig. 11.3 The transoral approach to the axis

This approach was based on the one used by
Henry to expose the vertebral artery between the
atlas and axis [11]. Henry’s technique empha-
sized the dorsal reflection of the sternocleido-
mastoid muscle after its division at the mastoid
process, thereby allowing direct lateral exposure
of the vertebral artery via blunt dissection.

Several modifications of the lateral approach
to the upper cervical spine have been published
[12-22] focused in particular indications. Babu
[21] and Salas [22] were the first to introduce the
term “extreme lateral transfacetal approach”.
Their approach also included hemilaminectomy
of the atlas and axis, and it is mainly used for
non-osseous lesions arising in the canal.

The lateral approach as it was introduced by
Barbour, popularized by DuToit and Simmons
and modified by the team of “La Pitie-Salpet-
riere” (11-16) is nowadays used. This technique
is used in cases where there is no possible to
perform a posterior atlantoaxial arthrodesis like
in the case of a fracture of the posterior arch of
the Atlas, of a Jefferson fracture associated to a
fracture of the odontoid process, in case of a
failed posterior arthrodesis, in case of previous
atlantoaxial laminectomy or in the presence of
instability due to congenital malformations
(agenesis or hypoplasty of the posterior arch of
the Atlas) and in case of pseudarthosis of an
odontoid fracture.

The patient is placed in a supine position while
a pillow is placed under the shoulder at the oper-
ative side and the head is turned slightly to the
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\ Arch of C1
Rl C2
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opposite side. The arthrodesis is done bilaterally -
as the unilateral atlantoaxial fixation is not a stable
one—under x-ray control. The ear is pushed out of
the operative field by means of a suture.

The incision of about 6 cm starts at the base
of the mastoid and curved along the anterior
border of the sternomastoid muscle which is
identified as well as the greater auricular nerve
and external jugular vein. After detachment of
the origin of the anterior belly of the sterno-
mastoid and retracting posteriorly the muscle we
cut the prevertable fascia revealing deep to it the
transverse process of the atlas. The muscles
attached to the transverse (anterior oblique and
angular) are sectioned. A retractor is placed in
order to keep the neurovascular bundle anteri-
orly giving easy access to the lateral mass of the
Atlas and the atlantoaxial joint. By mobilization
of the head we can reduce now the atlantoaxial
joint and insert a 26 mm long navicular lag
screw. The inter-transverse muscles are respec-
ted to protect the vertebral artery in the trans-
verse canal. The anterior side of the transverse
apophysis of there axis is exposed to point out
the atlantoaxial joints and the lateral masses of
the atlas and axis. The longus colli muscles is
detached from the anterior body of the atlas and
axis, and displaced forward. It is possible to
reach the anterior tubercle of the atlas in the
retropharyngeal space. With a bilateral approach
the two surgeons can meet at this level. The
atlantoaxial joint can be exposed very well using
a Homann lever fixed to the odontoid base. If a
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larger approach on the lateral masses of the atlas

and axis is necessary, it must open the transverse

canal removing the external anterior part. The
vertebral artery can be mobilized or tied.

The direction of the screw is 25° below to the
horizontal in the coronal plane and slightly
posterior. Before fixing the screw the joint is
prepared by a curatte and filled with bone chips.
The wound is closed after reinsertion of the
sternomastoid and application of a suction drain.
The same procedure is done to the opposite side.

The modification proposed by Roy-Camille
et al. [16, 17] concern the approach not through
the anterior border of the sternocleidomastoid
muscle, but through its two heads. In this
approach the potential for complications is low.

Advantage:

e Less risk of infection, being extraoral.
Disadvantages:

e Damage of the vertebral artery with bleeding
difficult to control.

e Not approachable the contralateral vertebral
artery.

e The anterior decompression of the spinal cord
is more difficult due to narrow and deep
access.

e More difficult reconstruction to insert long
strut grafts in patients in whom the lesion
spans several vertebral bodies.

11.3 Antero-Lateral Approach

11.3.1 Above the Hyoid Bone

This approach guarantees a good exposure of the

antero-lateral part of the body of the atlas and
axis.

This is the higher part of the classic anterior
approach to the cervical spine. Anterior retro-
pharyngeal approach was described by McAfee
[23]. It is excellent for anterior debridement of
the upper cervical spine. It is relatively easy to
extend this distally, through a more classic
Smith-Robertson approach, to access the lower
cervical spine, if necessary. It is entirely extra-
mucosal and has fewer complications as far as

wound infection and neurological deficit are
concerned.

11.3.1.1 Preoperative Planning
Particular attention should be focused on any
compromise of swallowing or respiratory func-
tion. In the revision setting, it may be necessary
to have the patient undergo vocal cord evalua-
tion. A preoperative tracheotomy may be war-
ranted for avoiding airway problems, and an
otolaryngologist can assist with this determina-
tion. In this approach a preoperative visualiza-
tion of the vertebral arteries is necessary if
radiographic images show involvement of the
foramen transversarium at the second cervical
level, or tumour is displacing the vertebral
arteries. This evaluation is also used to localize
the major feeding vessels of the tumour [23].
This approach is difficult because in this side
there are many vascular and nervous structures.
The surgeon must be familiar with the fascial
planes that are traversed by this approach: (1)
the superficial fascia containing the platysma;
(2) the superficial layer of the deep fascia sur-
rounding the sternocleidomastoid muscle; (3)
the middle layer of the deep fascia that enclosed
the omohyoid, sternohyoid, sternothyroid and
thyrohyoid muscles and the visceral fascia
enclosing the trachea, esophagus, and recurrent
nerve; (4) the deep layer of the deep cervical
fascia which is divided into the alar fascia con-
necting the two carotid sheaths and fused in the
midline to the cervical fascia and the preverte-
bral fascia covering the longus colli and scalene
muscle (Fig. 11.4).

11.3.1.2 Position

The procedure is performed with the patient
positioned supine with the head in mild exten-
sion and rotated 30-45° away from the side of
the approach. The approach can be made either
from the left or the right side, since the high
extra pharyngeal approach is sufficiently supe-
rior to the right recurrent laryngeal nerve. A
cranial traction should be strongly considered. If
postoperative  halo-vest immobilization is
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Fig. 11.4 Anterior
retropharyngeal approach
to upper cervical spine:
cross section drawing.

m muscle

Thyroid cartilage
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planned, the use of a halo ring can be substituted
for Gardner-Wells tongs. Before traction is
applied, baseline evoked potentials from neuro-
monitoring should be obtained (if used). The
patient should be awake for fiberoptic Naso-
tracheal intubation, so neurologic assessment
can be performed following the intubation and
positioning. Oral placement of tubes or devices
should be avoided, as they may inferiorly dis-
place the mandible and compromise maximum
exposure of the upper-most aspects of the cer-
vical spine. Finally, place the patient in a slight
reverse-Trendelenburg position to aid in visual-
ization and improve venous drainage. The ipsi-
lateral earlobe should be prepped and then
sutured to the cheek anteriorly. Otherwise, it will
be an obstruction during the exposure.

11.3.1.3 Technique

Although this approach can be carried out
medial (anterior approach) or lateral (anterolat-
eral approach) to the carotid sheath, the anterior
retropharyngeal approach is preferred [23]. By
accessing the retropharyngeal space medial to
the carotid sheath, one avoids the risk of injuring
the carotid vessels or cranial nerves at the skull
base, but there is a higher risk of injury to the
superior laryngeal or glossopharyngeal nerves
than when approached lateral to the carotid
sheath. Some authors suggest a left-side
approach to decrease the risk of injury to the

Longus cervicis m.

Longus coli m.

Vagus nerve

Jugular and carotid vessels

Vertebral artery

Sternocleidomastoid m.

! Levator scapulae

/..
\W &

recurrent laryngeal nerve. They support that the
left nerve is less vulnerable to injury than the
right nerve because it is vertical and ascends to
the tracheoesophageal groove. However, the
axis is sufficiently superior to the right recurrent
laryngeal nerve. The recurrent laryngeal nerve
can not be damaged if the approach does not
have to be extended below the level of the fifth
cervical vertebra. Therefore, a right-sided
exposure in the upper cervical spine is conve-
nient for a right-handed surgeon. Additionally,
the anterior approach allows access to both
vertebral arteries, while exposing lateral to the
carotid sheath compromises access to the con-
tralateral vertebral artery. Finally, anterior
decompression and reconstructive measures may
be more easily performed when visualizing the
spine from the anterior approach than the
anterolateral approach.

The submandibular incision, also known as
the modified Schoebringer incision, is used for
this approach. The submandibular incision for
the anterior approach begins at the midline just
under the mandible, at level of the hyoid bone,
arched 2 cm below the body of the mandible,
and curved superiorly toward the mastoid tip
(Fig. 11.5). Sometimes, a T-shaped incision is
performed with a transverse skin incision in the
submandibular region with a vertical extension
as long as required to provide adequate exposure
is made. The vertical limb extends inferiorly
only as far as it is needed, depending on the
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Fig. 11.5 The
“Shoebinger” incision for
an anterior retropharyngeal
approach and landmarks

Mastoid process —

Incisien

Carotid tubercle of C6

amount of cervical spine that must be exposed.
Considering the looseness of skin in this loca-
tion, a modified less invasive curving incision is
suggested in an effort to make the caudal
extension easier. The skin incision begins two
fingerbreadths in front of the angle of mandible,
proceeds one fingerbreadth below the mandible
and curves downward across the submandibular
triangle and carotid triangle. The caudal expo-
sure can be extended easily if needed. Down-
ward extension of the incision connects with the
routing anterior cervical approach which offers
caudal exposure for lower cervical vertebral
bodies. Riley [6] suggested a modified incision
that begun just to the left of the midline in the
submandibular area in a skin crease, carried
posterior to the angle of the mandible, then
directed in a gentle curve lateral to the posterior
border of the sternomastoid muscle to the level
of the fifth cervical segment, curved anteriorly
and inferiorly crossing the clavicle and ending in
the suprasternal space. The large flap with skin,
subcutaneous fascia, platysma muscleis reflected
medially to expose the sternomastoid muscle,
the strap muscle, the pharynx, the thyroid gland,
the edge of mandible and the submaxillary fossa
(Fig. 11.6). The sternomastoid muscle and the
carotid sheath are retracted laterally and the
esophagus, the trachea, the thyroid gland medi-
ally. The anterior surface of the mid and lower
cervical spine is visualized. The skin and

Angle of mandible
Hyoid bone
_— Thyreid cartilage

— Criceid ring

——— Stemal notch

superficial fascia are incised in line with the
incision. The platysma muscle and the superfi-
cial fascia are dissected and retracted exposing
the inferior edge of the submandibular gland.
Then the submandibular gland is elevated and
the fascial capsule is opened and dissected hor-
izontally (Fig. 11.7). The facial artery and vein
are identified and dissected free in the field of
dissection posterior and lateral to the gland.
Before proceeding more deeply, a nerve stimu-
lator can be used to find the mandibular branch
of the facial nerve that should be preserved due
to its innervation of the orbicularis oris muscle.
The marginal mandibular branch of the seventh
cranial nerve is identified by ligating and
retracting the retromandibular vein. The com-
mon facial vein is continuous with the retro-
mandibular vein and the branches of the
marginal mandibular nerve usually cross the
vein superficially and superiorly. By ligating
the retromandibular vein superiorly as it joins
the internal jugular vein and keeping the dis-
section deep and inferior to the vein as the
exposure is extended superiorly to the mandible,
the superficial branches of the facial nerve are
protected. The facial vein, which runs superficial
to the parotid gland, can be found and ligated
just inferior to the submandibular gland. It typ-
ically courses superficial to the gland and is
oriented cephalocaudally. By leaving the liga-
ture on the superior stump of the vein, it can be
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Fig. 11.7 Deep dissection for the anterior retropharyngeal approach
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Fig. 11.8 Further deep dissection for the anterior retropharyngeal approach

used to retract the superficial fascia of the sub-
mandibular gland and protect the marginal
branch of the mandibular nerve as it courses
within the fascia. The submandibular salivary
gland was mobilized superiorly (or it can be
resected in short necks) to access the preverte-
bral area from below the mandible, exposing the
intersection of digastric and stylohyoid muscles.
These muscles are divided at their confluence
near the hyoid bone and reflected proximally.
Occasionally, the submandibular gland must be
resected to allow adequate exposure; however,
its corresponding salivary duct must then be
ligated to prevent fistula formation. Next, the
superior thyroid, lingual, and facial arteries and
associated veins are ligated and divided
(Fig. 11.8). It is helpful to proceed from inferior
to superior during this process, using the hyoid
bone as a marker for localizing each artery. The
superior thyroid artery is just below the hyoid
bone, while the lingual and facial arteries are at
and just above it, respectively. The superior
laryngeal nerve often travels close to the supe-
rior thyroid artery, and injury to it must be

avoided. The anterior border of the sternoclei-
domastoid muscle is mobilized by longitudinally
dividing the superficial layer of the deep cervical
fascia. This allows localization of the carotid
sheath and the content of the carotid sheath is
protected. The jugular-digastric lymph nodes
from the submandibular and carotid triangle can
be resected and a frozen biopsy is possible.
Dissection of the stylohyoid and the posterior
belly of the digastric muscle allowed medial
mobilization of the hyoid bone and hypopharynx
so to prevent exposure of the esophagus, hypo-
pharynx and nasopharynx and traction on the
facial nerve that could be injured by superior
retraction on the stylohyoid muscle. The muscle
bellies are then retracted upward to reveal the
external and internal carotids and the hypo-
glossal trunk. The hypoglossal nerve is com-
pletely mobilized from the base of the skull to
the anterior border of the hypoglossal muscle. It
is gently identified and retracted superiorly. The
fascia between the hyoid bone and carotid sheath
is incised and the carotid sheath is then retracted
laterally. The dissection extends to the



98

A. Angelini and R. Casadei

Digastric muscle
(posterior belly)

Facial nerve
in parotid gland

Facial vessels
(ligated)
Superior thyroid
vessels (ligated)

Stemocleidomastoid muscle

Hypoglossal nerve

Subniandibuler glagd

Facial artery and vein

Digastric muscle
(anterior belly)

Hyoid bone

Fig. 11.9 View of the atlantoaxial region through the anterior retropharyngeal approach

retropharyngeal space between the carotid
sheath laterally and the larynx and pharynx
medially. The exposure is increased by ligating
branches of the carotid artery and internal jug-
ular vein which prevent retraction of the carotid
sheath laterally. Beginning inferiorly and pro-
gressing superiorly, ligating the following
branches of these vessels helps mobilize the
carotid sheath laterally: (1) superior thyroid
artery and vein, (2) lingual artery and vein, (3)
ascending pharyngeal artery and vein, (4) facial
artery and vein. The superior laryngeal nerve
which courses deeply and parallel to the superior
thyroid artery in the paratracheal fascia is iden-
tified and mobilized from its origin near the
nodose ganglion to its entrance into the larynx.
After the dissection medial to the carotid bundle
was completed, the hypoglossal nerve is found
medial to the tendon of the digastric muscle,
more superior than the superior laryngeal nerve;
both should be protected by careful dissection
and mobilization. Once the hypoglossal nerve is
dissected out from its exiting site at the skull
base to its insertion near the tongue, it can be

retracted rostrally and the cervical vertebral
bodies were thus exposed from the atlas to C3
(Fig. 11.9). After an adequate retraction of the
carotid sheath laterally, the retropharyngeal
space is opened and the alar fascia, prevertebral
fascial layers are divide longitudinally away
from the longus colli muscles with a peanut or
Kittner dissector. Although medial retraction of
the pharynx is helpful, excessive force can cause
iatrogenic injury to the laryngeal and pharyngeal
branches of the vagus nerve. Use blunt finger
dissection to separate the carotid sheath from the
medial pharynx and larynx, and the retropha-
ryngeal space can then be safely entered. The
longus colli muscles are exposed and they are
then divided longitudinally in the midline. The
longus colli muscles insert on the anterior arch
of the atlas bilaterally, so they can help define
the midline of the atlas if adequately exposed.
The head has to be maintained in a neutral
position and the midline has to be accurately
identified by noting the attachment of the left
and right longus colli muscles as they converge
toward the anterior tubercle of the atlas. The
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amount of rotation of the head away from the
midline is gauged by palpating the mental pro-
tuberance of the mandible. Visualization of the
uncovertebral joints between these vertebrae
helps to confirm the orientation of the midline.
This orientation must be maintained as the lon-
gus colli muscles are detached from the anterior
surface of the atlas and axis. The muscles are
removed subperiosteally from the anterior arch
of the atlas and the body of the axis and then
elevated in a lateral and cephalad direction.
When starting the midline incision, avoid
extending beyond the cephalad margin of the
atlas, which could violate the anterior occipito
atlantal membrane. The anterior longitudinal
ligament underlying the longus colli should be
reflected within these flaps. The decompression
may be carried far enough laterally as to
decompress the spinal cord but not so far later-
ally as to endanger the vertebral arteries. Limit
lateral elevation of these flaps on the atlas to
1.5 cm from midline, as the vertebral arteries
can be in significant danger beyond this dis-
tance. The posterior longitudinal ligament may
be removed as necessary for visualization of the
cord. If decompression is planned, it should
generally be performed in a cephalad-to-caudal
direction. This reduces difficulty with visuali-
zation, as bleeding tends to run in a caudal
direction. The posterior longitudinal ligament
and uncovertebral joints help identify the pos-
terior and lateral safety margins of the decom-
pression. The anterior decompression is usually
initiated by removing the intervertebral disc
between the axis and C3 or the first normal disc
at the caudal edge of the lesion. If reconstruction
is to be performed, the head should be carefully
repositioned to neutral alignment prior to graft
placement and fixation. The wound is closed
after copious irrigation in reverse order through
which the approach was made over suction
drains after repairing the digastric tendon, the
platysma and superficial fascia. After treatment,
the patient is maintained in skeletal traction with
the head of the bed elevated 30° to reduce
hypopharyngeal edema. Intubation is continued
from 12 to 72 h after surgery to prevent possible
airway obstruction which might be caused by

edema in the pharynx and retropharyngeal

space . Initial parenteral nutrition is adminis-

trated for the first two postoperative days and
then nasogastric feeding or liquid diet is begun.

A hard cervical collar or Philadelphia type collar

is maintained related to the surgical reconstruc-

tion or stabilization.
Advantages:

e Greater degree of bilateral exposure than the
transoral and lateral approach (type a),

e [ ess risk of infection,

e Simultaneous instrumentations
primary surgical procedure,

e Provides a safer environment for intradural
procedure and management of a cerebral
spinal fluid leak,

e Does not require a tracheostomy and thus its
complications are avoided,

e Can also provide exposure of the retropha-
ryngeal midline foramen magnum and the
lower clivus.

Risks:

e Risk of injury to the marginal mandibular
branch, hypoglossal and superior laryngeal
nerves, with a transient dysphagia and dys-
phonia often for few days but sometimes for
several months. Neuropraxia is a not uncom-
mon complication of this approach.

e Airway obstruction secondary to edema or
bone grafting into the posterior pharynx is the
most immediate threat. Tracheostomy intu-
bation may be considered if prolonged intu-
bation is thought to be necessary.

during the

11.3.2 Below the Hyoid Bone

This approach provides with a wide exposure of

the distal cervical spine.

This approach is used to reach the upper
cervical spine avoiding many vascular and ner-
vous structures that are met in the previous
approach. The same tract is used for the distal
cervical spine. A vertical incision along 5 cm in
front of the sternomastoid muscle from the mid
level of the neck to the hyoid bone is performed.
The first contact with the spine is a C4 level.
Usually, the superior thyroid artery is ligated.
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The superior laryngeal nerve, medially to the
external carotid artery and down to the lingual
artery, can be moved out and down. With a
gentle dissection of the aero-digestive axis and
with a soft and medial traction of the pharyngeal
muscles from the bottom upwards, the spine is
exposed. The upper cervical spine is cleared
from the midline subperiosteally so to arrive
from the C2-C3 junction to the odontoid base
that is located in the axis of the instruments and
it is seen directly from the bottom upwards. It is
possible to go up the spine to the edge of the
body of the axis anterior tubercle of which it is
palpable with the fingers. Some right and long
spatula can enlarge the wound but this approach
remains narrow and deep.

11.4 Posterior Approach

The midline posterior approach is the most
commonly used approach to the cervical spine,
allowing quick and safe access to the posterior
elements of the entire cervical spine.

11.4.1 Preoperative Planning

e Flexion and extension views to assess for
segmental instability prior to decompression
or fusion.

e CT scan to provide more accurate detail of the
bony anatomy.

e Patient’s body habitus and posterior neck skin
condition to adjustments to the planned
approach.

11.4.2 Position

Neuromonitoring is encouraged for most proce-
dures in this region of the spine. Once baseline
monitoring has been established, intubation can
proceed. The patient is then placed in the prone
position on an operating table, with the head into
a few degrees of flexion to open the interspinous
spaces. For procedures in the posterior cervical

spine, it is helpful to have the arms located at the
sides during surgery. A special head brace or a
padded ring may be used to control position of
the head during surgery. The relationship of the
occiput to the upper cervical spine should be
optimized to prevent postoperative swallowing
dysfunction, which may result from fusing the
occipital cervical area in a non-physiologic
position. Positioning should be performed with
the patient under light sedation to allow a wake-
up test following positioning, to assure mainte-
nance of neurologic integrity. Reverse-Trendel-
enburg position of the operating table facilitates
visualization of the occipitocervical junction,
and may also reduce venous congestion and
bleeding during surgery.

11.4.3 Technique

Incision: from external occipital tubercle for
6-8 cm. to the bottom in the midline
(Fig. 11.10). An epinephrine solution, with or
without local anesthetic, can be injected in the
subdermal layer along the line of the planned
midline incision to decrease bleeding from the
skin edges. Use the electrocautery to dissect
through the subcutaneous fat in the midline. It is
sometimes helpful to gently clear subcutaneous
fat off of the midline nuchal fascia, to aid in
identifying the proper planes during closure.
Once the nuchal fascia is identified, finger pal-
pation may be utilized to assure that the incision
is in the midline (Fig. 11.11). The spinous pro-
cess of the axis should be readily apparent as the
most prominent upper cervical vertebra at this
point. Use electrocautery to divide the nuchal
fascia in the midline and elevate the flaps
slightly in both lateral directions from the
underlying paraspinal musculature. This will
expose an avascular plane lateral to the inter-
spinalis cervicis muscles on either side of the
spinous process and will aid in preservation of
the interspinous ligaments. Take care to prevent
violation of the C2-C3 interspinous ligament,
unless this segment is planned for inclusion in
decompression or fusion. Once the nuchal fascia
has been divided, palpate the spinous processes
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Fig. 11.10 Posterior
approach to the upper
cervical spine: incision and
landmarks
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for orientation. The most prominent spinous intraoperative radiograph is essential to confirm
process rostrally is that of the axis and the most the level because anatomic variations are com-
distal bifid spinous process is usually C6. An mon. Although access to the deeper structures
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Fig. 11.12 Exposure of
the lamina and facet joints
of the cervical vertebrae
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through this avascular plane is not critical, the
reduction in bleeding afforded by this technique
facilitates hemostasis and visualization during
surgery. The greater occipital nerve courses
through the fascia and can be injured if the
exposure strayed from the midline or at the end
of surgery if fascial sutures are placed too far
laterally. Gently palpate the bony anatomy once
again and note the depth of the posterior arch of
C1 for orientation. Electrocautery can be used to
incise down to bone on the occiput, as well as to
perform a subperiosteal elevation from the lam-
inae of the axis. Muscles released from the axis
include the rectus capitis major and the obliquus
capitis inferior, but muscles directed caudally
from the spinous process of the axis (semispi-
nalis cervicis) should be preserved unless access
to the caudal aspect of the spinous process of the
axis is critical. Unless the C2—-C3 segment must
be fused, the C2—C3 articular capsules should be
preserved. This capsular layer is often wispy and
difficult to recognize, but it plays an important
role in posterior stability. If the semispinalis
cervicis must be released, elevate the insertion
of the muscle with a thin piece of bone using an
osteotome. The muscle attachment can then be
repaired anatomically and securely at the end of

\_f muscle

——

Atlanto-axial membrane

the case. Sharp dissection with a scalpel can now
be carried down to the posterior arch of the atlas
in the midline. This maneuver should only be
performed if adequate preoperative computed
tomography or intraoperative palpation confirms
an intact posterior ring. Use a Cobb elevator,
which can remove the muscles from the bone
without damaging them unduly. Extreme caution
should be employed when elevating laterally off
of the arch of the atlas, limiting the dissection on
the cephalad aspect of the atlas to 0.8 cm from
the midline, as the vertebral arteries can be
easily injured beyond this point. Rarely, the
posterior ring of the atlas can be nonconfluent or
absent. Continue gentle blunt dissection to lift
paraspinal musculature away from base of the
occiput and off of the atlantoaxial junction
superficial to the level of the lamina (Fig. 11.12).
Carry the dissection as far laterally as necessary
to reveal the lamina, the facet joints, and the
beginnings of the transverse processes. If nec-
essary, the atlantoaxial membrane may be care-
fully elevated from the arch of the atlas and
lamina of the axis with a curette to expose the
dura. The venous plexus surrounding the C2
nerve roots and ganglions become visible as the
atlantoaxial articulation is approached.
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11.4.4 Extensions

The exposure can be enlarged starting the inci-
sion at the external occipital protuberance and
extends to the spinous process of C7. Sharp
dissection is made to have a subperiosteal
exposure of the squamous-occipital bone and the
bony elements of the upper cervical spine as
necessary. The dissection of the small rotator
muscles from the occipital squama and the region
of foramen magnum must be performed with a
sharp knife. In some cases the foramen magnum
can only be reached after the laminectomy of the
atlas is accomplished. Otherwise, the posterior
fossa craniectomy and the upper cervical lami-
nectomy can be necessary and performed with a
high-speed drill. Reconstitution of the dura,
sometimes with a dural graft, is essential.
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Carlo Logroscino, Luca Proietti, Giovanni Almadori
and Gaetano Paludetti

The anterior approach to the upper cervical
spine, often mandatory for tumor resection,
represents a challenging procedure associated
with risks and uncertainties regarding the
selection of the appropriate surgical plan.
Transoral and extraoral approaches are avail-
able, and the literature offers a variety of dif-
ferent descriptions of surgical exposures and
modifications to improve the visualization of a
lesion, create more favorable conditions for the
reconstruction and reduce the complication rate.

Transoral surgery is applicable to a limited
number of cases involving disorders in the upper
cervical spine (C1-C2). The reasons are the
need for tracheostomy, the danger related with
the anatomy of the surgical area. A majority of
surgeons are unfamiliar with this approach, and
the complication rate described in the literature
is high. Indeed, there were few possibilities of
using this approach whose first application dates
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back to the pre-Christian Era and the days of
Hippocrates.

The transoral approach has been occasionally
used for many years. Various reports on this
approach appeared from time to time, but these
were actually no more than sporadic reports. The
first description in detail and case presentation
was given by Fang and Ong in Hong Kong [1].
Like most pioneering efforts a considerable
number of complications were encountered and
had to be resolved during the preliminary work.
Yet, it must be recognized that these surgeons
initiated prospects on a procedure which until
that time had been considered beset with uncer-
tainties. Transoral surgery came to be accepted
as the natural anterior approach to the upper
cervical spine. The reasons for the serious com-
plications reported in the first operations are not
difficult to identify. Infection occurred partly as a
consequence of the particular site involved (oral
cavity) and partly because of the inadequacy of
preoperative preparations and postoperative care.
Complications involving hemorrhage (vertebral
artery) were attributed to the fact that this tech-
nique still required improvement and develop-
ment. Respiratory failure was probably the result
of insufficient assistance and diagnostic unex-
pertise in the delicate postoperative period. It
could well be that Fang and Ong’s experience
was the consequence of the enthusiasm aroused
in Hong Kong by the results achieved by Hodg-
son and Stock [2] which made possible the
anterior approach to the thoracolumbar spine for
the treatment of Pott’s disease.
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Nevertheless, transoral surgery has several
advantages [3]; it is extremely useful if occipi-
tocervical rigidity is present due to previous
fusion, and it allows for direct exposure of the
midline without rotation of the head. On the
other hand, rotation of the head is essential using
an extraoral approach and this may result in a
more difficult open reduction and internal fixa-
tion. Transoral surgery requires limited dissec-
tion and is ideal for wurgent spinal cord
decompression. Morbidity has decreased signif-
icantly over time. We feel that this is an excel-
lent approach allowing the most direct exposure
to the front of the upper cervical spine and the
best view on both sides of the area (left and
right). A significant disadvantage is the limited
surgical exposure. This approach, especially in
tumors, offers a very small surgical field. It must
be stressed, however, that natural obstacles, such
as the tongue and mandible, exist that prevent
exposure proximally and distally. Correct tumor
resection can be difficult to perform; small, fine,
precise movements are needed due to space
restrictions. Experience and adequate technical
equipment are necessary to overcome these
limitations. Another limitation involves the
impossibility of checking on lesions distal to C2
under normal conditions.

A step forward appeared to be necessary for
major resections of pathological tissues and
subsequent reconstructions. One of the first
attempts in this direction was presented by
Schmelzle and Harms [4-6] who described the
extended transoral approach allowing for
improved reconstructive procedures. The surgi-
cal technique of extended transoral approach
provides the soft palate split and incision of the
posterior pharynx mucosa creating a lateral-
based door-like flap. Some authors showed that
extension of transoral approach in cranial or
caudal direction provides to enlarge the surgical
field making it more superficial [7].

Crockard introduced a demanding technique
called “open door maxillotomy” to allow an
approach to the lower clivus using midline
maxillary splitting in addition to Le Fort type
maxillotomy [8]. Many surgical modifications
have been developed in order to enhance the

transoral exposure in the sagittal plane including
mandibulotomy (division of the mandible),
mandibuloglossotomy (division of the mandible
and tongue) and palatotomy (division of the hard
palate). Mandibuloglossotomy allows to reduce
the operative distance and increase the sagittal
exposure from the upper third of the clivus to the
C4-C5 interspace. Going back to the first
reports, a description of a mandible and tongue-
splitting approach for surgery to the pharynx and
the base of the tongue was given by Kocher in
the early years of the past century. Hall, Denis
and Murray used this approach for treating a
postsurgical kyphosis secondary to a huge pos-
terior craniocervical decompression, responsible
for a progressive quadriparesis. The surgical
approach allowed for bone grafting from axis to
C5. The fusion was assisted by halo cast, and the
final outcome was successfully reached. This
was probably the first utilization of a direct
transmandibular approach to a spinal deformity
reported by a major orthopedic journal [9].

The transmandibular approach, which
extends the surgical exposure, is anatomically
invasive. The face is involved and requires a
team approach. However, with respect to the
transoral approach, it enhances the surgical
exposure, thus allowing for resection and sta-
bilization on more levels [10]. When the
reconstruction is correctly performed, the func-
tional recovery is relatively rapid with limited
cosmetic disfigure. The surgical aggressiveness
is proportional to the severity of the disease.

Mandibulotomy or mandibular osteotomy is
an excellent surgical approach designed to gain
access to the oral cavity, oropharynx and para-
pharyngeal space or anterior skull base for
resection of primary tumors otherwise not
accessible through the open mouth. Thus, a two-
team surgical approach is desirable for safety
and completeness of the surgical resection. The
otorhinolaryngology (head and neck) surgical
team provides the necessary exposure to the
spinal surgery team in order to perform the
appropriate resection of the tumor and vertebral
reconstruction, carefully protecting the anterior
surface of the spinal cord. The main indication
for this approach is an extradural lesion located
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from the level of the lower clivus to C4 and from
the internal carotid artery to the contralateral
internal carotid artery (Fig. 12.1a, b).

12.1 Surgical Procedure

The approach is performed by the otorhinolar-
yngology surgical team. In all cases, a pre-
liminary tracheostomy under local anesthesia is
routinely performed in order to reduce the
postoperative morbidity affecting the airway
management and to obtain a better access to the
tongue and to the mandible without having an
endotracheal tube intruding into surgical field.

12.1.1 Mandibulotomy
and Glossotomy

The mandibulotomy can be performed in two
locations. In the midline, between the central

incisors teeth and paramedian between the lat-
eral incisor and the canine tooth. Splitting the
mandible in the midline with vertical cut
requires extraction of one central incisor tooth in
order to avoid the extrusion of both incisor teeth,
impairing the cosmetic appearance of the lower
dentition. In addition, it also requires the divi-
sion of the geniohyoid and genioglossus muscles
extended to the hyomandibular complex leading,
as a consequence, to a delayed functional
recovery. Furthermore, using the single straight
vertical cut, the immobilization of the mandible
is difficult due to significant motion of the two
ends of the mandible causing delayed union or
malunion with secondary malocclusion. On the
other hand, the paramedian mandibulotomy with
the medially angled cut avoids the extraction or
extrusion of the lateral incisor and canine teeth
(more space between the two), preserves the
hyomandibular complex and provides a more
stable osteotomy for fixation. For these reasons,
we prefer a paramedian mandibulotomy.

Fig. 12.1 a, b Massive osteolytic lesion located in C2 due to cancer metastasis
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The patient is positioned supine, the neck is
extended, and a vertical midline incision splitting
the lower lip and the chin up to the hyoid bone is
performed. The skin incision divides the lower
lip and the soft tissues of the chin up to the
anterior surface of the mandible. Short cheek
flaps are elevated on both sides to a distance of
2-3 cm from the midline to expose the lateral
cortex and the inferior border of the mandible at
the mandibulotomy site. Elevation of the cheek
flap should not be extended up to the mental
foramen in order to avoid mental nerve injury
resulting in loss of sensation of the skin over the
chin. The osteotomy site is performed in a ver-
tical plane for 10 mm and then is angled medi-
ally, below the level of the roots of adjacent teeth
without devitalize them (Fig. 12.2). Before doing
the osteotomy and the bony division, appropriate
drill holes are performed on the outer cortex and
over the lower border of the mandible, aiming to
fix the osteotomy by using two titanium mini-
plates, thus assuring an accurate approximation
of the two ends of the mandible at the time of
closure (Fig. 12.3). After this preliminary and
temporary fixation, the miniplates are removed
and saved for the final fixation and reconstruction
at the end of the operation. The mandibular
osteotomy is performed exactly as planned using
a high-speed power reciprocant saw with

Fig. 12.2 The osteotomy
site is outlined in a vertical
plane for 10 mm and then
is angled medially

ultra-thin blade. Once the mandibular bone is
divided, its two segments are retracted laterally,
and the floor of the mouth, frenulum of the ton-
gue and the entire tongue are bisected in the
midline from its tip down to the hyoid bone and
the median glossoepiglottic fold (Fig. 12.4).
Since the blood supply to the tongue arises from
the lingual artery on either lateral side, minimal
bleeding occurs when the glossotomy is exactly
performed in the midline. Similarly, the lingual
nerve is always preserved without loss or
impairment of the taste sensation. The two halves
of the oral cavity and the mandible are then
rotated and retracted laterally and inferiorly to
expose the oropharynx, the tip and the lingual
surface of the epiglottis at the posterior end of the
glossotomy and the posterior pharyngeal wall.

12.1.2 Soft Palatal Split

The incision is done after the injection of epi-
nephrine 1:100.000 solution in order to obtain a
decongestant effect and carried out through all
layers in a safely way. The two halves of the soft
palate are retracted laterally and sutured to the
self-retaining Dingman retractor which provides
the exposure of the posterior pharyngeal wall
from the level of the arytenoids to the
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Fig. 12.3 Before doing the osteotomy and the bony
division, appropriate drill holes are performed on the
outer cortex and over the lower border of the mandible,
aiming to fix the osteotomy by using two titanium
miniplates, thus assuring an accurate reapproximation of

nasopharynx. The soft palate can also be divided
using a modified midline incision from the lat-
eral base of the uvula to the soft-hard palate in
order to preserve its tip and body and to reduce
velar incompetence after closure.

12.1.3 Pharyngeal Split

The posterior pharyngeal wall is then injected
with decongestant epinephrine solution. A ver-
tical midline incision is carried out dividing the
mucosa of the posterior pharyngeal wall, and the
incision is deepened through the whole thickness
of the pharyngeal musculature to expose the
prevertebral fascia. Adequate mobilization of
the pharyngeal wall is undertaken over the pre-
vertebral fascia to gain wide exposure of the
stretched prevertebral fascia.

12.1.4 Spine Surgical Time

At this point, the visualization of the upper
cervical spine from the base of the skull down to
C4 is optimal and it is reached without any

the two ends of the mandible at the time of the closure.
After this preliminary and temporary fixation, the
miniplates are removed and saved for the final fixation
and reconstruction at the end of the operation

Fig. 12.4 The floor of the mouth, frenulum of the
tongue and the entire tongue are bisected in the midline
from its tip down to the hyoid bone and the median
glossoepiglottic fold
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rotation of the head allowing an easy control of
both sides of the spine, through a single
approach. The self-retaining Crockard pharyn-
geal retractor may be advantageous. The pre-
vertebral fascia is then incised in the midline and
retracted laterally by using anchored Vicryl
sutures. It is finally possible to carry out a direct
surgical resection of any pathological tissue
extended laterally, side to side, and posteriorly
toward the dural sac and the spinal cord which
can be decompressed under microscopical
magnification. The reconstruction of spinal sta-
bility is then a crucial step for the success of the
operation. An anterior fixation (Fig. 12.5a, b) is
mandatory to assure enough stability since when
a second stage would be possible realizing 360
degrees stabilization. Meticulous attention is
paid to detail, particularly during the mobiliza-
tion of the posterior margins of the tumor which
may be adherent to the dura. If the dura is torn, it
should be immediately repaired.

12.1.5 Closure

A meticulous hemostasis must be performed with
bipolar cautery, bone wax or other hemostatic

Fig. 12.5 a, b A direct
visualization of the
vertebral body associated
with side to side control of
the lesion and extended
distally, facilitate spinal
reconstruction with metal
implants

materials. It is so possible to close the posterior
pharyngeal wall with interrupted 2-O Vicryl
sutures. A watertight closure must be secured to
prevent leakage of saliva into the prevertebral
space. Following closure of the pharyngeal wall,
a nasogastric feeding tube can be introduced and
the soft palate is approximated accurately in the
midline in two layers with interrupted 3-0 Vicryl
sutures. Our more recent experience has dem-
onstrated the advantages of the percutaneous
endoscopic gastrostomy (PEG) which is actually
our preferred protocol to reduce local irritation
and infection rate. The closure of the glossotomy
is then accomplished in three layers. The deep
layer of the intrinsic musculature is approxi-
mated from side-to-side to restore its anatomic
continuity, while closure of the mucosa of the
dorsum of the tongue is undertaken with inter-
rupted 2-0 Vicryl sutures accurately aligning the
two halves of the tongue, and particularly its tip.
The closure continues on its ventral surface, on
the anterior third and then the floor of the mouth
up to the midline of the anterior gingiva. Accu-
rate alignment of the two ends of the mandible at
the osteotomy site must be secured in a stable
way using two titanium miniplates. The skin
incision of the lower lip and chin is closed in two
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layers with 3-0 Vicryl in the deep one, and with
4-0 Nylon at the skin site, with accurate reap-
proximation of the vermilion border and the
contour of the chin. Finally, a suction drain is
brought out under the chin. Since the spinal sta-
bility was secured by means of an internal fixa-
tion, which can be extended down to the C4, in
most of the cases, there is no need for an external
brace. The transmandibular tongue-splitting
approach allows for a clear visualization of the
upper cervical spine and the clivus and offers an
easy opportunity for a stable reconstruction.
Tumors are frequently located in the vertebral
body and often near junctions. Therefore, it
frequently is necessary to use a combined
anteroposterior approach. Reconstructive sur-
gery has a primary role in the treatment of spinal
tumors. The instabilities at the craniocervical
junction secondary to tumor resection represent
a severe feature associated with life threatening
risk. Residual instability requires a combined
approach and internal fixation. Numerous inter-
nal fixation techniques exist for the craniover-
tebral junction, some of which involve screw-
plate fixation. Screw-plate fixation by Roy-
Camille and developments of the Luque’s

Fig. 12.6 Only minimal
cosmetic impairment and
functional disturbances
experienced this female
patient who survived

5 years pain free and
without motor loss

procedure (i.e., sublaminar wiring) led to the
Hartshill technique and a modification, the
Ransford loop and the posterior occipitocervical
fusion (occiput-atlas-axis) using a “Y” plate as
described by Grob. We designed a craniocervi-
cal fixation procedure using a cranial claw by
hooks, which counteracts flexion/extension, lat-
eral bending, axial rotation and shear forces.
This metal construct is indicated in severe cases
with significant bone destruction and high
instability, such as tumoral osteolytic lesions
[11]. The cranial claw with hooks is a stable
anchor even in presence of osteopenic bone and
can counteract the most severe stresses. It is of
crucial importance the craniocervical angle of
the fixation construct, and it is mandatory to
avoid an anteversion of the occiput which can be
responsible for severe complications.

12.2 Complications

These approaches are technically demanding and
can be associated with cosmetic and functional
complications. Crockard and Harms analyzed
complication rates in a retrospective review of 97




112

C. Logroscino et al.

patients treated with transoral, transfacial,
transmandibular and anterior cervical approaches
for resecting chordomas of the upper cervical
spine and craniocervical junction. Dysphagia
was more frequent with mandibulotomy and
glossotomy, and this complication was not
strictly associated with tracheostomy or occipi-
tocervical fixation. In our series, we had a patient
operated for primary tumor resection (chord-
oma), who died 16 days after the operation as a
consequence of aortic dissection. Another patient
was reoperated for a pressure sore of the pos-
terior wall of the pharynx due to the nasogastric
tube. All other patients underwent a PEG in the
preoperative period. One patient experienced
infection and was treated with antibiotics. One
patient complained moderate transient dysphagia
probably secondary to the glossotomy. The cos-
metic impairment was minimized in males
(Fig. 12.6) by coverage with a beard. Pull out of
one anterior screw totally asymptomatic occur-
red in one case. Nerve palsy, intraoperative
hemorrhage and cerebrospinal fluid leakage
never occurred. The mandible osteotomy fixed
with screw/plate fused in all cases.

12.3 Conclusion

The objectives of the surgical treatment of spinal
non-traumatic lesions of the upper cervical spine
are to palliate pain, restore or maintain neuro-
logical function and stabilize the spine. The
improvement of diagnostic modalities, the
development of new surgical approaches and
more adequate fixation devices for anterior and
posterior stabilization of the spine have led to
treat the majority of the lesions. The transman-
dibular tongue-splitting approach is a useful
procedure for treating primary and secondary
lesions at the upper cervical spine with minor
cosmetic and functional impairment. Combined

internal fixation is often required. Stabilizing
constructs must be resistant to relevant
mechanical stresses and long lasting.
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13.1 History: Epidemiology

Going back through the centuries, a skeleton
from about 5000 BC was found to have spinal
infection by tuberculosis [1]. Latter evidence of
spinal infections was found in Egypt, in mum-
mies from the Predynastic periods (3000 BC and
earlier). In 1910, Ruffer reported the typical
features of Pott’s disease in an old Egyptian
mummy Neshparenham, a priest of Amun
(1000 BC, twenty-first Dynasty) [2]. Spinal
deformities, very similar to those of Pott’s dis-
ease were described by Hippocrates of Cos
(460-375 BC) in his book entitled “On Articu-
lations” [3] whereas bench stretching was sug-
gested as treatment, a very popular intervention
for a long time. Many centuries later, in 1896,
the surgeon Jean-Francois Calot (1861-1944)
described in a paper he read to the Academy of
Medicine in Paris his technique entitled
“redressment brusque” (or “redressment force”)
based on the Hippocratic procedure; the opera-
tion was named after him [4].
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Despite the previous historical reports on the
tuberculosis nature of spinal deformity by Hip-
pocrates and Galen [5], it was Sir Percival Pott
(1714-1788) in 1779, an English surgeon, who
reported a systematic description of this spinal
deformity (known as Pott’s disease, there after),
which became a historical paper for clinical
practice [6]. Interestingly latter, there were
cumulative reports on pyogenic infection of the
spine [7] whereas at the end of the 19th century,
the mortality rate of this condition in children and
young adults was estimated as high as 70 % [8].

The incidence of vertebral osteomyelitis
ranges from 0.5 to 2.2/100.000 inhabitants/year
in two Scandinavian studies [9, 10]. Nonspecific
vertebral osteomyelitis accounts for 3—4 % of all
spinal infections whereas the cervical spine is
affected in 3-10 % cases. The epidural abscess
in this region is less common, estimated to occur
in approximately 1/100.000 people [11]. Mor-
tality caused by cervical spine osteomyelitis is
considerable, and in case it is complicated by
abscess, the morbidity and mortality remain
higher [12, 13] with the latter to account for
15 % of all cases [14].

In vertebral osteomyelitis, there is high het-
erogeneity in the proportion of infection of the
different parts of the spine, with the lumbar
spine to be the predominant region that is
affected. Regarding the cervical spine, isolated
involvement of the atlantoaxial segment has
rarely been documented in the English literature
[15-28]. When the odontoid processes was
affected by osteomyelitis, in some patients
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subsequent dislocation of the atlantoaxial joint
[16, 25] or formation of epidural abscess with
progressive neurological deficits was compli-
cated [23, 26, 29]. Another rare clinical entity is
infection of the occipitoatlantoaxial complex
(septic arthritis of the facet joints) whereas Halla
et al. [30] were the first who reported septic
arthritis of the lateral facet joint combined with
pseudo-Grisel’s syndrome.

Osteomyelitis of the cervical spine, including
the dens, in adults and particularly in the elderly
may be hematogenous whereas in the majority it
is attributed to direct extension from epidural,
parapharyngeal or retropharyngeal abscess [22,
29, 31]. In children, there has been a paucity of
reports of osteomyelitis of the atlas or axis.
Today, spinal infections occur predominantly in
the elderly; however, in young adults, it appears
to have increased in recent decades because of
immunodeficiency syndromes and intravenous
drug abuse [32].

Regarding the epidemiology of the patho-
genesis, it is well known that mycobacterium
tuberculosis was the main reported pathogen in
the first axis with destruction of the vertebra and
formation of multiple prevertebral abscesses
[33]. While in the developed world, spinal
tuberculosis has become rare, the incidence
seems to be increasing again because of immi-
grants, extensive tourism into developing coun-
tries and HIV infections [34-38]. In the past,
tuberculosis has played an important role as a
cause of spinal deformities and was one of the
most common “orthopedic” diseases all over the
world. Before antibiotics were available, 60 %
of patients with neurological symptoms sub-
sequent to tuberculous spondylitis died [39].
Nowadays, <5 % of similar affected patients die
of the disease [40, 41], but spinal infection still
can have devastating consequences. Despite the
progress in the diagnosis and treatment of
infectious disease that have improved the prog-
nosis for patients with spinal infections, this
medical condition remains a potentially life-
threatening disease even in the industrialized
world.

13.2 Clinical Presentation

13.2.1 Predisposing Factors

Hematogenous vertebral osteomyelitis may be
caused by any condition that results in bactere-
mia. The infection spread through the blood-
stream contaminating the venous plexus of the
occipitocervical region and further the odontoid
process. Infections of the urinary tract, soft tis-
sue, or respiratory tract and intravenous drug
abuse are all common causes. Poorly controlled
diabetes mellitus, corticosteroids, aging, immu-
nodeficiency, malnutrition, smoking, preopera-
tive hospitalization, preexisting paraplegia,
dental granulomas and previous septic condi-
tions are all reported to predispose to spine
osteomyelitis. In a large series of 854 patients
with epidural spinal abscess, 377 had extra
spinal focuses of infection [14] and 23 of these
were diagnosed with urinary tract infections as
the source of the abscess. Interestingly, patients
with rheumatoid arthritis have high infection
rate (5-18 %) [42-45], and the rate is even
higher in Down syndrome population [46].

13.2.2 History of the Disease,
Symptoms and Signs

The main problem in the management of
patients with spinal infections is the delayed
diagnosis. This is clearly presented in a literature
review [47], in which only 20 % of patients had
symptom duration of <3 weeks, 20 % had
complaints for 3 weeks to 3 months and the
remaining 50 % of individuals had symptoms for
>3 months prior to diagnosis. In general, the
history of patients with spinal infections is
highly variable and non-specific unless neuro-
logical deficits are present. The clinical presen-
tation is related to the virulence of the organism,
immunocompetence of the host and duration of
the infection and may be acute, subacute, or
chronic. More than 90 % of patients, report a
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slowly progressive, continuous and localized
neck pain, pain exacerbation at night and/or at
rest and gibbus (in spinal tuberculosis). About
50 % of patients have fever which is more
common in acute infections. When the infection
is complicated by an epidural abscess, the
patients occasionally complain of symptoms of
radiculopathy and myelopathy. In about 15 % of
cases, atypical symptoms such as meningeal
irritation, headache, chest pain or respiratory
problems may occur. Neurological deficits occur
in a rate of 17 % of all patients with vertebral
osteomyelitis. The rate is higher in cervical
lesions. Stone et al. [48] showed that more than
half their patient with cervical infection had
neurological deficits. Less common findings
may be muscle spasm, tenderness, weight loss,
“feeling sick,” pain exacerbation with move-
ment and weight bearing and limited motion.
Focusing on infection of cervical spine, Zigler
et al. [28] described the difficulties a clinician is
faced for the diagnosis of this disease due to the
atypical clinical presentation. For early diagnosis
of the disease, a rarely presented triad of elevated
temperature, neck pain and progressive neuro-
logical deficit may be helpful [49]. Other early
signs and symptoms as cervical spine lymphade-
nopathy, spasm of neck musculature and pro-
gressive torticollis followed by subfebrility have
been described for upper cervical spine infections
[16]. In a case study of Busche et al. [16], the
authors described a young man with diabetes
mellitus and some of the later mentioned symp-
toms in the upper cervical spine of 6-month
duration before a sudden change for the worse. In
line was the case of an elderly patient described by
Noguchi et al. [23] who complained of neck pain
and stiffness for 7 days and had symptoms of
meningeal irritation. CT and MRI scans revealed
odontoid osteomyelitis and abscess formation.
In the same context, osteomyelitis of the
odontoid process is a rare disease that is often
difficult to diagnose. The initial presenting
symptoms can be non-specific, and definitive
neurological signs develop relatively late in the
disease. An afebrile, non-toxic-appearing pedi-
atric patient with persistent neck stiffness or
torticollis may have acute osteomyelitis of the

odontoid process. In a case report, an 18-month-
old boy who had been treated for a cutaneous
abscess presented to the emergency room for
neck stiffness, malaise and anorexia. The boy
was afebrile with a normal peripheral blood cell
count but an elevated erythrocyte sedimentation
rate. However, a non-contrast CT scan showed
destructive changes throughout the odontoid
process, and the body of C2 and a magnetic
resonance image confirmed abnormal enhance-
ment of the odontoid process and thickening of
the prevertebral soft tissues [50]. The diagnosis
might be more obscure given the uncommon
location of the infection; a case of isolated
tuberculous involvement of the spinous process
of the axis, presenting as a posterior cervical
lump in the absence of disease process in any
other part of the body [51].

Therefore, as already mentioned, osteomyeli-
tis of the spine requires a high index of suspicion
for the diagnosis. In addition to that, several
factors contribute to the difficulty in diagnosing
infection of some spinal regions such the atlan-
toaxial [52]. The anatomy of the atlantoaxial
articulation is different from other segments of
the spinal column. The atlantoaxial joint consists
primarily of synovial joints with no disks between
the two adjacent vertebrae. The infection often
starts as septic arthritis. The narrowing disk
space, usually evident in early osteomyelitis of
the spine, is not seen, and radiographic changes
are frequently not evident until late in the disease
process. In addition, widening of the retropha-
ryngeal soft tissue is easily missed, especially by
inexperienced practitioners. Given these addi-
tional reasons, clinicians should be very careful
and highly suspicious. Delay in diagnosis can be
catastrophic with development of an epidural
abscess and consequent death or major neuro-
logical disability.

13.3 Diagnostic Workout

The key to diagnosis is the clinical suspicion of
spinal infection. Neither blood test is specific for
the diagnosis; however, CRP and ESR are
almost always elevated while the white blood
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cell count can remain normal especially in
chronic infections. ESR is increased in >90 % of
patients; however, because of its low specificity,
it is usually used to check treatment response.
CRP has advantages over the ESR in the eval-
uation and follow-up of patients with spinal
infection because the level increases more rap-
idly and has a much shorter half-life.

13.4 Imaging

In spinal osteomyelitis, radiographic changes
cannot usually be identified until there is
advanced osseous destruction; therefore, the
introduction and development of CT and MRI
have simplified the diagnostic procedure in the
recent decades [30]. The major drawback of
standard radiography is the delay of radiological
signs up to 2-4 weeks after the onset of the
disease. The main findings are blurred endplates,
disk space collapse, development of osteolysis
and a paravertebral shadow, and late changes
such as reactive bone formation, fracture and
kyphotic deformity (Fig. 13.1). Progressively,
infection may extend to adjacent levels. Lateral

. —

films are useful to visualize the prevertebral soft
tissue swelling that is characteristic of cervical
osteomyelitis and one of the earliest signs seen
in addition to periosteal thickening or elevation
and focal osteopenia. Prevertebral soft tissue
swelling is usually due to edema caused by a
near-by infection of the cervical spine or retro-
pharyngeal abscess. Given the low cost and the
wide availability of the plain films of the cer-
vical spine, they should be performed initially.
However, the early signs can be obscure and
easily missed by an inexperienced radiologist, so
other imaging modalities are obtained to aid in
the early diagnosis of odontoid osteomyelitis.
Use of CT scan may be helpful to distinguish
infection from malignancy and clearly demon-
strate the extent of bony destruction and the for-
mation of soft tissue abscesses. CT of the cervical
spine allows for cross-sectional imaging of the
atlantoaxial joint and surrounding tissues with
reformatted coronal and sagittal views. CT is
particularly useful to locate areas of periosteal
reaction, cortical bone destruction and seques-
trum or involucrum formation. CT is also repor-
ted to be more sensitive for the localization of
bone sequestration than MRI [53]. Contrast

Fig. 13.1 A 33-year-old male patient with C2-C3 spondylodiscitis (Courtesy of professor G.S. Sapkas)
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images obtained with soft tissue window settings
can detect associated prevertebral soft tissue
swelling and delineation of rim-enhancing
abscesses [54]. It is possible for adjacent soft
tissue swelling to be apparent on CT before it is
seen on plain films, as noted in the case by Lim-
bird et al. [22] in which erosion of the odontoid
process with adjacent soft tissue swelling was
seen despite normal cervical plain films.

MRI is the imaging method of choice; it allows
early diagnosis of infection and recognition of
abscess formation (Fig. 13.2). It provides much
more anatomic information than radionuclide
studies, and results become positive at about the
same time as a Gallium bone scan. MRI has 96 %
sensitivity, 93 % specificity and 94 % accuracy in
detecting vertebral osteomyelitis. Characteristic

Fig. 13.2 MRI shows involvement of the axis and the
prevertebral abscess due to Staphylococcus infection
(Courtesy of professor G.S. Sapkas)

findings include decreased vertebral endplate sig-
nal intensity on T1-weighted images, loss of end-
plate definition, increased signal intensity on T2-
weighted images and contrast enhancement of the
disk and vertebral endplates. The enhanced images
may distinguish active infections from those
responding to treatment. In almost all cases, MRI
distinguishes tumor from infection. MRI was the
ideal method for providing quantitative view of the
extent of neural compression, thereby allowing for
an adequate determination of therapeutic options
[52]. MRI is the method of choice for the early
diagnosis of odontoid osteomyelitis [23, 31, 51].
Early in the course of odontoid osteomyelitis,
changes consistent with uncomplicated osteomy-
elitis are visible on T1- and T2-weighted MR
images; however, it is difficult to delineate
between normal and abnormal bone marrow [55].
Short tau inversion recovery (STIR) and chemical
fat-saturated post-contrast sequences readily
reveal intraosseous abnormal signal or enhance-
ment and should be used in MRI protocols to rule
out marrow involvement and/or an epidural
abscess early in the course of the disease [53, 55].

Radionuclide studies allow detection of
spinal infections earlier than plain radiographs.
Technetium-99-m-labeled  methylene-diphos-
phonate (Tc-99 m MDP) bone scintigraphy is
currently infrequently used for the diagnosis of
spinal infections (Fig. 13.3). However, an indi-
cation for a bone scan is still the search for a
focus lesion, for example, dental granuloma and
osteomyelitis. Gallium scan shows evidence of
infection earlier in the course of the disease than
99 m-Tc scans, appears normal during resolu-
tion of the infection and had slightly higher
specificity than Tc scans.

Confusion may arise in differentiating spinal
infection from disk degeneration. Positron from
infection emission tomography (PET) with
fluorine-18 fluorodeoxyglucose (FDG) has been
shown to be helpful. [18F]-FDG PET appears to
be especially helpful in those cases in which
MRI cannot be performed or is non-diagnostic
and as an adjunct in patients in whom the
diagnosis is inconclusive [56]. Prompt diagnosis
is facilitated by early and appropriate imaging
techniques. However, despite the accuracy of
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Fig. 13.3 99 m-Tc bone scan shows increased radio-
isotope uptake at the upper cervical spine (Courtesy of
professor G.S. Sapkas)

MRI, an absolute diagnosis must be based on
bacteriologic or histologic examination of the
pathologic tissue [57, 58].

13.5 Biopsy

The isolation of the causative organism is very
important and must be attempted in every case.
Biopsy under CT guidance is preferable because of
the accurate spatial resolution, which is important
to document that the biopsy was actually taken
from within the lesion. This is particularly pre-
cious in areas that are difficult to access, such as the
upper cervical region [59]. Percutaneous needle
biopsy provides a definitive diagnosis ranging
from 57 to 92 % [59-61] depending on previous
administration of antibiotics (Fig. 13.4).

The most frequently found microorganism is
Staphylococcus aureus (30-35 %), gram-nega-
tive pathogens (E. coli, Enterococcus and

Proteus) which are common causes of urinary
tract infections, Pseudomonas aeruginosa (in
65 % of drug abusers), Streptococcus viridians
and Propionibacterium acnes. Anaerobic infec-
tions are uncommon and generally are associ-
ated with open fractures, infected wounds,
human bites, foreign bodies or diabetes mellitus.
Salmonella species osteomyelitis is encountered
rarely and has a tendency to infect sites of pre-
existing disease. Reports for coagulase-negative
Staphylococcus are very rare causative patho-
gens of spinal infection. Hadjipavlou et al. [62]
reviewed 34 patients with spinal infection trea-
ted with surgical percutaneous transpedicular
drainage, and found positive cultures in 73.5 %
out of which 16 % cases of coagulase-negative
Staphylococcus. A meta-analysis of 915 patients
with spinal epidural abscesses [14] confirmed
the pathogen in 753 cases, and only in 35, the
etiological factor was coagulase-negative
Staphylococcus species. A case of polymicrobial
osteomyelitis of the odontoid process with epi-
dural abscess, caused by a synergistic infection
with Staphylococcus aureus and Proteus mira-
bilis, was also reported [31].

13.6 Treatment

The goals of treatment are to establish the
diagnosis, prevent or reverse neurological defi-
cits, establish spinal stability, eradicate the
infection, relieve pain and prevent any possible
relapse. The optimal antibiotic therapy plays the
key role in the treatment of spinal infections.
Regarding the cervical spine infections, there
have a higher risk of complication and surgical
treatment is often required as adjunct to
antibiotics.

13.6.1 Conservative Treatment

The majority of patients can be successfully
treated non-operatively. The main indications
for non-operative treatment are known causative
microorganism, absence of gross bony destruc-
tion and instability, absence of relevant
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Fig. 13.4 CT-guided
biopsy (Courtesy of
professor G.S. Sapkas)

neurological deficit, rapid normalization of
inflammation parameters and mobile patients
with only moderate pain. Intravenous antibiotics
for a minimum of 4-6 weeks, depending on the
extent of the infection and the species of the
organisms, are recommended as the gold stan-
dard for the treatment of bacterial and parasitic
infections. The treatment success should be
monitored by regular determination of the
inflammation indices (white blood cell count,
ESR and CRP). Antibiotic treatment should only
be stopped after normalization of the CRP. In
the case of persistent symptoms and non-
decreasing inflammation parameters, imaging
studies should be done.

The optimal antibiotic therapy should be
guided by the biopsy result, the resistance of the
organism and the bone penetration of the anti-
biotic. Antibiotics combined with occipitocer-
vical immobilization have been reported to
provide satisfactory outcome without recourse to
surgical decompression and fixation [23, 63].
There is still debate on the optimal duration of
the antituberculous chemotherapy required for
complete recovery. A minimum of 12 months is
favored by the majority of experts depending on
the resistance and side effects [37]. Additionally,

upper cervical infections such as infections of
the axis require a halo vest to control pain and to
prevent deformity or neurological deterioration.
When there is no evidence for instability, it was
reported that early conservative treatment of
atlantoaxial infection with antibiotics, immobi-
lization and drainage of pus correlated with good
outcomes [19, 21, 23, 29].

It is a matter of debate the treatment of
complicated odontoid osteomyelitis with abscess
formation. Successful clinical outcomes were
reported in patients with vertebral osteomyelitis
treated without surgery, especially in its early
phase, when the segment is still stable [64].
However, successful outcomes were also repor-
ted in numerous recent studies by using opera-
tive treatment [28]. The presence of neurological
findings indicates progressive cervical spine
myelopathy and urgent surgical decompression
is required. Thus, the success of treatment of
infectious lesions in the upper cervical spine
region is greatly dependent on the early diag-
nosis and initiation of therapy. However, once
progressive paralysis occurs, operative decom-
pression should be performed, and if significant
instability remains, surgical stabilization should
be considered [16, 22, 25-28]. Further indication
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for a change from non-operative to operative
treatment is the persistence of the infection
despite adequate antibiotic treatment or in the
presence of drug side effects limiting the further
use of specific antibiotics in adequate dosage.

13.7 Operative Treatment

About one-third of patients with spinal infec-
tions need operative treatment. The major indi-
cations for operative treatment are disease
progression despite adequate antibiotic treat-
ment, neurological compromise, progressive
spinal deformity, instability and incapacitating
pain and severe abscess. The surgical approach
depends on the extent and location of the
infection, spinal destruction, neurological defi-
cits, health status and comorbidity of the patient.
A single-stage anterior approach is best suited
for cases in the absence of gross deformity or
instability, predominant anterior column
involvement and effective radical debridement.
Transoral decompressive surgery is well descri-
bed for the treatment of the odontoid osteomy-
elitis and is both safe and effective [18, 65].
However, it does require particular surgical and
anesthetic expertise as well as specialized
instrumentation [66, 67]. The posterior approach
is a safe alternative in an emergency for sur-
geons less familiar with the transoral approach.

The surgical options are radical debridement;
radical debridement and bone grafting; and
radical debridement, bone grafting and instru-
mentation. Radical debridement and bone
grafting are indicated in patients with intraver-
tebral abscess and without gross bony destruc-
tion, deformity and instability. In many cases,
additional spinal stabilization is required.
Instrumentation is still controversial, but grow-
ing evidence has shown that implants can be
used without side effects [68]. Spinal instru-
mentation promotes rather than prevents reso-
lution of the infection because of the added
stability. Implants can be used at the site of
infection in the cervical spine with the pre-
requisite that radical debridement is thoroughly
achieved.

Osteomyelitis of the axis is rare and often
difficult to diagnose. In the presence of the triad
of neck pain, and fever with or without neuro-
logical symptoms and signs, the possibility of
osteomyelitis should be considered, particularly
in immunocompromised patients. MRI provides
for early diagnosis of a potentially life-threat-
ening condition [23, 26, 69]. High-dose, broad-
spectrum, empirical antibiotic therapy should be
administered, pending the results of the culture
and the bacteriological sensitivities. In adjunct,
rigid occipitocervical immobilization or surgical
stabilization may be needed. In selected patients,
surgical decompression of the cervico-medullary
junction is necessary, safe and effective. Early
and optimal treatment is the mainstay of man-
agement and is associated with a favorable
prognosis [18, 26, 29, 69].
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Congenital Malformations

Carlos Villas

14.1 Knowledge
on the Malformations
of the Axis. Why May be

Interesting?

Congenital malformations of the occipitocervi-
cal junctional region are very rare in daily
practice. Nevertheless, despite they are seldom
and briefly reported in specialized books [1-6]
(a single page in the super-specialized one by
Mallet et Lechevalier) [6, 7] or papers (most of
times on a case), its knowledge is not anecdotic
and it is obliged for doctors devoted to cervical
spine conditions. Frequently, differential diag-
nosis may be difficult in case of trauma. As
referred to by Shapiro et al. [8], “Nothing is
more confusing (either to the resident in the
emergency room at 3:00 AM., or to the
attending radiologist later in the day) than a
myriad of poorly exposed, poorly positioned
views of the atlanto-axial joints. Fracture or no
fracture? Subluxation or no subluxation? Nor-
mal or abnormal?” Remnant normal non-ossi-
fied synchondroses or aberrant ossification
centers must be differentiated from fracture lines
or traumatic fragmentation [8].
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Pamplona, Spain
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The natural history of some congenital mal-
formations of the axis is uncertain, unpredictable,
and often leads to lifetime wearing a brace for the
fear of trauma, or a stabilizing operation by
atlantoaxial fusion. Indeterminacy on the possi-
bly devastating effect on normal life activities or
after a trauma leads normally to take decisions
looking for a definitive solution [9, 10].

14.1.1 Signs and Symptoms

Local stiffness or instability are the usual com-
plaints, as in other disorders of the upper cer-
vical spine [3]. When limited to one or two
mobile segments, stiffness may be long time
asymptomatic because of compensation by the
adjacent segments but it may determine (nor-
mally at long term) degeneration of the com-
pensating mobile segments; this degeneration
may also cause pain/spasm and—associated to a
narrow canal—may lead to cord compression
resulting in progressive spondylotic myelopathy
or acute cord damage. Instability may also cause
pain/spasm and myelopathy due to repeated
micro-trauma and direct compression in case of
resulting subluxation or dislocation.

Painful complaints are normally referred to the
occiput or the occipitocervical junction and they
may appear spontaneously or after a trauma. Cord
compression symptoms are normally related to
the severity of the anomaly and the resulting
instability. Neurological symptoms may be
observed in children or adults, spontaneously or
after a trauma—even minor—and range from
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slight sensory alterations or easy fatigability to
quadriparesis, with a wide variety of clinical
pictures.

14.1.2 Diagnosis

Present options given by image studies make
diagnosis and definition of the congenital
abnormalities easy today. Nevertheless, most of
times we notice their existence with radiographs,
CT scans or MRI in studies performed fortu-
itously—at random—or, more frequently, when
studying patients who consult because of neck
deformity (short neck, torticollis or facial
deformity), cervical pain or/and neurological
symptoms due to malalignment or instability.
Although standard studies are diagnostic in
many cases [8, 11], three-dimensional and
multiplanar reformatted computed tomography
have proved to be highly efficient by allowing a
better definition of congenital anomalies of the
upper cervical spine [12] (Fig. 14.1). For
patients having contra-indication or obstacles to
undergo a CT scan or MRI study, laminagrams

taken by lineal tomography are still a useful tool
to bring a correct diagnosis (Fig. 14.2).

Congenital abnormalities are also frequently
found in asymptomatic people when making
general radiological screening studies which
may be indicated in children with bone dyspla-
sias (Morquio’s syndrome or spondyloepiphy-
seal dysplasia, for example) polimalformative
syndromes or Down’s syndrome, cases in which
congenital malformations of the upper cervical
spine are likely to exist [13, 14].

14.1.3 Treatment

Therapeutic indication for atlantoaxial instabil-
ity use to be a C1—C2 fusion, which may be
extended cephalad to the occiput or more cau-
dally depending on the specific anomaly and the
exact localization of the instability. Cord com-
pression at C1—C2 level may be treated by
re-alignment of C1 on C2 in case of mobile
subluxation or dislocation and by resection of
the posterior arch of the atlas in the case of a
rigid subluxation or dislocation. Pre-operative

Fig. 14.1 a Frontal view of a 3D CT scan of the cervical
spine with assimilation of the atlas. There is a visible
OCl1 synostosis on its left side (I) and a C2—C3 fusion,
more evident at the left side of the vertebral body (2),
b Lateral view showing fusion of the body (/) and

the articular processes (2), the atlanto-occipital fusion
being evident (3), ¢ Hypoplasia of the odontoid process
(1) and fusion od the body (2) and pedicles (3) in a
posterior view, the atlanto-occipital fusion being also
evident (4)
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Fig. 14.2 a Lineal tomogram shows a small promontory
at the base of an absent odontoid process (star) but also a
small thinny-corticated os odontoideum, b Lineal tomo-
gram shows a total C1—C2 dislocation and tetraparesis in
a patient with Down’s syndrome. The odontoid process
appears in the middle of the foramen magnum (star)

reduction may be attempted by halo-traction or a
similar procedure. Specially in children, surgery
of the upper cervical spine is not free of obsta-
cles, hazards and complications, the incidence of
pseudarthrosis being non negligible.

Among the different options for O-C2 or
C1—C2 stabilization (wires or rods connected to
hooks or screws [9, 13, 15-17]) C1—C2 trans-
articular screws or constructs using rods con-
nected to screws seem to provide the more effi-
cient stabilization. Screws may be placed
through the articular process of C1 and trough
the pedicle, the laminae or the articular pro-
cesses of C2. As an alternative, hooks may also
serve to connect the rods., Nevertheless, we have
to take into account that sometimes the pedicle
of C2 is narrow and may not admit a screw in
children or adults, specially when there exist
dysplastic or elongated pedicles, C1—C2 sub-
luxation or dislocation, or the anatomy is
severely altered in some cases of polimaforma-
tive syndromes or generalized disorders of the
skeleton. Furthermore, immature spines with
poor development due to age or malformation of
the posterior arch of the atlas [18, 19] may rend
impossible the use of wires or hooks and
sometimes may oblige to extend the fusion to the
occiput. In case of surgery for fusion, absence of

Fig. 14.3 Lateral view of two patients who had C1—C3
and C1—-C2 fusion 23 and 21 years before. a Patient
affected of Down’s syndrome. Operated twice at the age
of 10 and 11 by posterior approach. Re-operated at the
age of 12 with a C1—C3 fusion by anterior approach, the
patient showed degenerative changes at different levels
below the fusion at the age of 35. The fact that aging is
usually precocious in people with Down’s syndrome has
to be considered. b Patient affected of os odontoideum
with instability operated on at the age of 13. No
degenerative changes are observed at the age of 33

the posterior arch of the atlas may also rend
more risky the posterior approach because of the
possibility of entering the canal with instruments
as Cobb elevators, for example.

Although adjacent problems would be rea-
sonably expected after a C1—C2 fusion, spe-
cially in children, long-term outcome of patients
having a C1—C2 arthrodesis is very good. There
is a real paucity of reports of single cases or
series with long follow-up and a negative out-
come and we have good experience in children
operated under the age of 14 and having
20 years of follow-up [20]. Only one patient
with Down’ syndrome and a C1—C3 fusion
shoved signs of cervical spine degeneration from
C3 to C7, but we have to consider that aging
may be very precocious in this kind of patients
[21] (Fig. 14.3). The possibility of obtaining a
non-desired “hyper-arthrodesis”, even with a
careful approach has to be taken into account in
young patients (Fig. 14.4). Even in these cases,
the long term outcome is usually good, free of
symptoms or complications.
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Fig. 14.4 Spontaneous—non desired—C2—C3 poster-
ior fusion (arrow) in a case of C1—C2 arthrodesis as
treatment of a C1—C2 instability due to os odontoideum

Degeneration adjacent to C2—C3 congenital
fusion (at C3—C4 level) is not so frequent but—
being symptomatic—may be treated by C3—C4
fusion or, depending on the degree of degener-
ation, by means of an arthroplasty with total disc
prosthesis [17].

14.2 Embryology of the Axis
Focused on Congenital

Malformations

The time to start developing defects of seg-
mentation—individualization among the adja-
cent vertebrae—or anomalous formation or
fusion of the different parts or nuclei of a par-
ticular vertebra are between the fourth and the
eighth weeks of foetal life. In this period, the
membranous vertebral column is substituted by
a cartilaginous one at and the vertebral arches
start to ossify [4, 22-26].

Defects of segmentation-individualization
will affect the relationship of the axis with the
basal lamina (tip of the odontoid process), the
atlas and the third cervical vertebra.

Failure of formation of the secondary nuclei
may collaborate in the development of anoma-
lies at the transverse processes and the tip of the
odontoid, which sometimes develops indepen-
dently as a small accessory bone separated from

SC

C3

Fig. 14.5 Sagittal section of a foetal specimen under
8 weeks of life. Anatomical relationship among skeletal
structures (still cartilaginous) invites to understand that
transitional anomalies may be likely to occur. (CI clivus,
Od odontoid process, At Anterior arc of the atlas, Ax
vertebral body of the axis, C3 Vertebral body of C3, SC
Spinal cord)

de tip of a well formed odontoid process
(Fig. 14.5). Ossification anomalies of the inde-
pendent nuclei of the apical and central portions
may lead to abnormal formation of the odontoid
which would ossify independently leading to the
os odontoideum anomaly [4, 22-26].

Variations of the time of normal ossification
in the odontoid itself, between 4 and 18 years of
age, may lead to different morphologies of the
odontoid process which may show some fibrous
or cartilaginous remnant between the odontoid
and the vertebral body of C2 in almost one-third
of normal adults [23].

14.3 Congenital Malformations
of the Odontoid Process

The anomalies of the odontoid process are cur-
rently total or partial defects of formation, some
times associated with fusion to the upper portion
of the odontoid with the anterior arch of the atlas
or one of its articular processes. As in many
conditions that may be asymptomatic their fre-
quency is unknown but more common than
appreciated. These anomalies are usually dis-
covered in patients undergoing radiological
studies following a trauma to the neck. The most
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frequent are the following: Ossiculum terminale,
os odontoideum, aplasia or hypoplasia of the
odontoid, biphid or duplicated odontoid and
hyperplasia [15, 22-24, 27-29].

Although the distinction of aplasia or hypo-
plasia from os odontoideum is only radiographic
and of limited importance, they all will be
described separately. Nevertheless, the only
relevant thing is the C1—C2 instability and its
clinical repercussion.

14.3.1 Ossiculum Terminale

Anomalies of the cranial tip of the odontoid are
the rarest of this group. This morphologic
anomaly involves a failure of fusion of the apical
segment of the dens with the basal portions or it
is otherwise originated as a remnant of the not-
ochorde, included in the terminal or apical liga-
ment which connects the odontoid process and
the basilar lamina. Ossiculum terminale is cur-
rently observed as a small rounded piece of bone
and, normally, it has not clinical relevance due to
the lack of repercussion. It has to be differenti-
ated from the so called “third condyle”, a small
bone included in the apical ligament very close to
the foramen magnum. It may be considered as a
representative of the body of an occipital verte-
bra or a proatlas [2, 22, 24, 29-31].

Ossiculum terminale is normally a non rele-
vant finding which has no clinical repercussion
although some authors have reported ossiculum
terminale with cervical cord compression and
atlantoaxial dislocation, quadriplegia and death
[22]. Except for this exceptional possibility, the
only problem may arise in the difficulty to dif-
ferentiate ossiculum terminale from os odon-
toideum or a traumatic lesion. This possible
mistake may be solved by making a dynamic
radiographic study to confirm normal stability.

14.3.2 Os Odontoideum

This anomaly is also called congenital pseudo-
arthrosis and comes from a failure of fusion of
the odontoid and the arch centers; it is the most

frequent and important congenital malformation
of the axis, the prototype of congenital anomaly
leading to segmental instability [7, 24]. It was
first described by Giacomini in 1886 in a female
with cretinism by post-mortem examination.
There was an abnormal joint-like articulation
separating the os odontoideum from the body of
the axis [22].

In this anomaly, the odontoid usually devel-
ops to normal proportions but union with the
body of the axis is deficient. The upper part of
the odontoid appears as a rounded bone which
maintains its normal relations to the anterior
arch and the articular processes of the atlas but is
more or less separated from the body of the axis
and a more or less evident bony prominence of
the remnant lower part of the odontoid on the
upper side of the vertebral body.

Most of times, os odontoideum may be
located in a high position at the normal place of
the tip of the dens (orthotopic), having always a
wide space of separation from its remnant at the
base (if any), and it may be also placed near the
basal occiput (Dystopic) where it may be fused
to the clivus. The os odontoideum may be also
fused to the anterior arch or an articular process
of the atlas.

The anomaly may be present throughout life
with no symptoms but it may produce symptoms
progressively or come to light following a
cervico-occipital trauma. Nuchal or high neck
discomfort or pain are common and may be
associated with a variety of neurological symp-
toms—even tetraparesis or transient paralysis—
due to cord compression between the upper-
posterior part of the vertebral body and the
posterior arch of the atlas and repeated micro-
trauma with normal neck movements.

Concerning the origin of the os odontoideum,
despite it seems to be clearly explained and
understood from an embryological point of
view, there is not always agreement about its
congenital origin and there are arguments in
favour of a traumatic origin: (1) Frequent ante-
cedent of an ancient trauma; (2) Rare association
with other congenital anomalies; (3) Lack of
accurate embryologic explanation; (4) Report of
cases of documented normal odontoid process



130

C. Villas

which evolved to os odontoideum after a trauma
[3-22]. The cartilaginous epiphyseal plate would
prevent revascularization contributing to
resorption of bone and non-union, an “acquired”
os odontoideum. Infection has been also related
as an acquired cause of os odontoideum [32].

The recommended radiological studies are
lateral neutral and flexion—extension views and
open mouth neutral and dynamic left and right
inclination views. Lateral roentgenograms cur-
rently allow to detect the abnormality and
dynamic studies demonstrate the hypermobility
in both sagittal (flexion and extension lateral
views) and coronal planes (lateral inclination in
transoral views) (Fig. 14.6). The atlas may
appear subluxated or dislocated on the axis
(usually forwards) with the dynamic studies or
even in neutral position. When subluxation or
dislocation is detected in neutral position,
dynamic studies to quantify the instability have
to be performed.

Some confusion may exist when facing an
image in which a thin radio-transparent line is
observed at the base of the odontoid in a patient
younger than 12. In such a case, a dynamic
radiological study is mandatory to distinguish a
remnant of cartilage separating the body and the
dens from a fracture line or an os odontoideum.
Mistakes may also exist in case of a real fracture
of the dens base or traumatic dens separation,
similar to an epiphyseal detachment (Fig. 14.7).
Os odontoideum is a corticated round or oval
ossicle of about 1 cm separated from the base of
the odontoid by a variable gap. Its radiological
appearance may vary either in size and shape as
well as in bony density or thickness of the
“cortical” contour (Fig. 14.8). Frequently, the
anterior arch of the atlas appears to be hyper-
trophic, more dense and having the “cortical”
thicker than normal. Fusion to the clivus, ante-
rior arch of the atlas or an articular process are
not usually seen in standard radiographs but they
are perfectly determined with CT scan views
(Fig. 14.9). Old ununited dens fractures may be
hard to differentiate from the congenital mal-
formation. CT or MRI may also help to better
observe, define and understand the possible
neurological repercussion of the instability on

Fig. 14.6 a Lateral dynamic radiograph shows C1—C2
hypermobility (13 mm) in the sagittal plane. b Transoral
dynamic radiograph shows a neutral position (above) and
lateral displacement to the left side (below) (with
permission of the Spanish journal of Orthopaedic Surgery
and Traumatology, Rev Ortop Traum, Ref. [34]). Above
The small remnant at the base of the odontoid (star) is
well aligned with the os odontoideum in neutral position
(small arrows). Below The os odontoideum moves
laterally with the inclination of the head changing
relationship with the remnant base (star). Fusion between
os odontoideum and articular processes of the atlas seems
to be defined (small arrows)
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(a)

Fig. 14.7 a A 9-year-old boy with a misdiagnosed
synchondrosis at the base of the odontoid process, after
being run over by a motorcycle. One month later on
consulted with persistent suboccipital pain. Our diagnose
was fracture at the base of the odontoid, slightly
displaced (look at the posterior alignment of the odontoid

the spinal cord (alterations of the cord contour or
signal alterations compatible with myelomala-
cia) (Fig. 14.10).

The normal consequence of this anomaly is a
more or less intense atlantoaxial instability
because of forward slippage of Cl on C2
(mainly), but also due to abnormal lateral dis-
placement of C1 on C2. During normal move-
ment, os odontoideum remains fixed to the
anterior arch of the atlas by the transverse liga-
ments. Symptoms appear by abnormal mobility
in C1-C2 joints and by spinal cord impinge-
ment between (mainly) the posterior arch of the
atlas and the basal rudiment of the dens attached
to the body of C2.

The most common symptoms—if any—of
the resulting instability are: posterior head ache,
suboccipital pain, vague neck discomfort, torti-
collis or stiff neck due to defensive spasm,
transient stroke after neck rotation (in adults),
variable degree of extremities weakness and/or
sensory defects or numbness, clonus, sphincter

and C2 body) and possibly through a persistent synchon-
drosis with a small bony fragment detached from the
body (arrow). This case dates before the era of axial
imaging (CT and MRI), b Bone healing of the fracture
after 6 weeks of immobilization in a SOMI brace

disturbances and spastic tetraparesis. A small
number of patients may have symptoms and
signs of cerebral and brain stem ischemia, sei-
zures, syncope, vertigo, visual disturbances and
mental deterioration. These alterations have
been related with vertebral artery compression at
the foramen magnum or just below it. In cases
with these symptoms, a careful neurological
differential diagnosis is mandatory [32, 33].
Neurological symptoms have been reported as
existing in 45 % of the patients or more [32, 34,
35]. These symptoms may appear in a slowly
progressive way or abruptly, as an acute
expression of the effect of a head or neck
trauma. Congenital anomalies diagnosed in
children or adolescents are more likely to occur
without neurological lesion than those diagnosed
in adults.

Whatever may be the way of arriving to an
accurate diagnosis, even with no symptoms or a
poorly expressive clinical picture, once the
doctor realize that the patient has an os
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Fig. 14.8 Cases of os odontoideum with different shape,
dimensions, separation from the base, bone density and
corticalization. Shape, dimension and corticalization of
the anterior arch of the atlas are also diverse. Cases a,
b and c¢ show variable degrees of anterior C1—C2

odontoideum and objective signs of instability,
the patient has to be informed on the risks of
having progressive neurological impairment or a
tragic, catastrophic consequences in case of
accident. When the patient is a child, even
asymptomatic, parents are frequently stroked by
understanding the amount of normal activities in
the daily life which are a real danger for their
child. Therefore, either adults as well as young
patients should not be treated conservatively and
the current therapeutic indication is surgical
treatment with C1—C2 fusion [36]. In some
special case—as in patients with Down’ syn-
drome having also occipitocervical instability—
fusion may be extended to the occiput.

subluxation or dislocation (a). In case f, the os odon-
toideum is fused to the anterior arch of the atlas (Same
case that Fig. 14.9a). Figure a, b, ¢ and f, with permission
of the Spanish Journal of Orthopaedic Surgery and
Traumatology, Rev Ortop Traum, Ref. [34]

14.3.3 Aplasia or Hypoplasia (Complete
or Partial Absence)
of the Odontoid

Aplasia of the odontoid process is particularly
rare. Trauma and infection have also reported as
acquired causes of hypoplastic odontoid process
[7, 32]. It is easy to detect in transoral radio-
logical exams and leads usually to a more or less
pronounced C1—C2 instability. Surgical treat-
ment with C1—-C2 posterior fusion is usually
indicated. We may include here the agenesis of
the vertebral body—partial or total—which is
always accompanied by absence of the odontoid
process and implies precocious and severe
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Fig. 149 a and b Axial and sagittal views of os
odontoideum fused to the anterior arch of the atlas
(black arrow in a, and star in b on the upper part of an
imaginary line which should separate between anterior
arch of the atlas and os odontoideum). ¢ and d Axial

neurological alterations due to instability and
spinal cord compression. When the odontoid is
absent, a slight depression between the upper
articular processes may be seen in the open
mouth view. In contrast with the os odontoideum
anomaly, many patients with agenesis of the
dens have significant posterior subluxation [32].

Hypoplasia is more common. A rudimentary
odontoid, hypoplastic, abnormally small or absent,
may favour atlantoaxial instability. As previously
mentioned, the only distinctive features being
radiographic, separating aplasia or hypoplasia
from os odontoideum is of limited importance

views of two cases of os odontoideum with fusion to one
(¢, arrow) or two articular processes (d, arrows), (Figures
a and c, with permission of the Spanish Journal of
Orthopaedic Surgery and Traumatology, Rev Ortop
Traum, Ref. [34])

since they usually lead to instability and similar
symptoms, signs and treatment are identical.

Neurological alterations and objective signs
of instability would make surgical stabilization
advisable.

14.3.4 Biphid or Duplicated
Ododontoid

Some delay in the normal ossification of the sec-
ondary nucleus of the tip of the odontoid or vari-
ations in its normal development, may lead to a
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Fig. 14.10 a and b T2 (a) and T1 (b) weighted sagittal
views of a 42-year-old patient affected of Down’s
syndrome, having C1—C2 hypermobility and tetrapare-
sis. Thinness of the spinal cord and changes of myelo-
malatia are evident behind the body of C2 (white arrow).
Some degree of fusion seems to exist between os

biphid radiological look of the tip of a quite nor-
mal odontoid. More or les frequently, at the end of
growth, this secondary nucleus remains as non-
fused ossicle, similar to the ossiculum terminale.
In these cases, usually, there is not instability or
other clinical repercussion [7, 37-39].

Duplicated odontoid is very rare and the
embryologic anomaly responsible of its occur-
rence is unknown but it is more likely to occur as
result of the lack of fusion of the two primary
centres appearing normally at about the fifth-sixth
month of fetal life on each side of the midline.

A transoral view of a standard radiograph is
usually enough to appreciate the duplication of
the dens and CT with multiplanar reformatting
allows assessing this anomaly completely.
Association with other malformations as fusion
of the anterior lip of the foramen magnum and
the anterior arch of C1, midline assicles on this
anterior arch, bipartite atlas or os odontoideum
have been described.

Clinical symptoms may vary from suboccip-
ital painful complaints to reduction of the ability
to rotate the neck to tetraplegia after a trauma in

odontoideum, clivus and anterior arch of the atlas (black
arrow). ¢ Axial view in which is also evident the thinness
of the spinal cord at the zone of compression due to
instability. (Figure c, with permission of the Spanish
Journal of Orthopaedic Surgery and Traumatology, Rev
Ortop Traum, Ref. [34])

a young patient aged 13 who associated os
odontoideum and a synovial cyst [28].

Surgical treatment may be indicated in case
of instability or spinal cord compression. In the
above mentioned case by Weng et al. [28],
decompression was obtained by reduction of
C1—-C2 subluxation and stabilization was
achieved by O—C2 instrumented fusion, the
patient being totally recovered from the neuro-
logical point of view.

14.3.5 Hyperplasia of the Odontoid

It is very rarely observed as an isolated mal-
formation. The dens exceeds vertically its rela-
tionship with the anterior arch of the atlas and
may contact with the clivus and cross the
Chamberlain’s line (Fig. 14.11). Currently it not
represents a clinical problem unless it would
exits an associated C1—C2 instability. In such a
case, the exceeding apical part of the dens would
be a traumatic agent producing cord compres-
sion or a cord injury in case of accident [22].



14 Congenital Malformations

135

Fig. 14.11 a Sagittal CT scan of the cervical spine
shows hyperplasia of the odontoid process (At-Cl Atlas-
Clivus, Occ Occipital bone, C2 axis, White arrow
absence of the posterior arch of the atlas). b T2 weighted
MRI sagittal view of a congenitally abnormal occipito-
cervical junction in which the tip of the odontoid process

(which is not yet fused with the vertebral body) is
contacting the clivus by means of an apparent synchon-
drosis. The image belong to a 8-year-old boy with
spondylo-epiphyseal dysplasia. (CI clivus, Od odontoid
process, At anterior arch of the atlas, C2 vertebral body of
the axis, Occ occipital bone)

Fig. 14.12 a. Lateral view of a congenital spondylolysis
(arrow) with C2—C3 congenital block and instability at
C4—CS5 level (with permission of the Spanish journal of
paediatrics, Acta Pediatr Esp, Ref. [40]). b and ¢ Evident
defect of the pars interarticularis-pedicle of the axis in a
4-month-old child with lysthesis. Pathological evaluation

reported a “pseudo-tumor calcificans” (b) which had an
spontaneous ossification and reconstruction (¢). It would
be an obstetric trauma with fracture of the isthmus and a
dystrophic bone healing (with permission of the Spanish
journal of paediatrics, Acta Pediatr Esp, Ref. [40])
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14.4 Congenital Malformations
of the Isthmus/Pedicle

The most frequent anomaly observed at the level
of the pars interarticularis or the pedicle of C2
are the existence of a cartilaginous remnant or
an evident pseudoarthrosis (Fig. 14.12), some-
times with spondylolisthesis. Isthmic/pedicular
defects are frequently associated with spina bi-
fida. Although congenital spondylolisthesis is
generally reported at the sixth cervical (24)
vertebra it may be also observed more or less
frequently at C4, C5 and C7 levels and very
rarely at C2 level. So rarely that is a real paucity
of literature to consult [1-3, 23, 24, 40-44].

A part from the possible difficulties of rec-
ognizing the anomalies, their repercussion is not
important and reports of evident instability and/
or symptomatic patients are exceptional. Some
problems may exist in case of image studies
after trauma, being difficult to distinguish con-
genital pseudoarthrosis from a fracture [40—43].
The present options of image studies grant nor-
mally the differential diagnosis.

Arriola et al. [40] report the cases of three
patients (aged 9 months and 19 and 33 years)
presenting with neck pain (two patients) and
torticollis (one patient). Radiological studies
gave the diagnosis: isthmic spondylolysis
without instability in the two patients aged 19
and 33; the child aged 9 months did not have
any traumatic antecedent and had spondylolysis
of C2 with apparent C2—C3 subluxation and a
calcified mass around the left pedicle/isthmus.
This patient was operated on in other hospital
and the report of the biopsy concluded that the
condition was tumoral calcinosis. After intrale-
sional resection of the calcified mass the isth-
mic defect disappear in both sides, total bony
union being observed at the age of 2. We
thought that some isthmic defect was present at
birth and some obstetric local trauma provoked
a haematoma and the pathological alteration
which finally lead to the healing of the defect.
Differential diagnosis with a fracture was
impossible.

Agenesis of the pedicles is very rare as iso-
lated anomaly and it may be observed in case of
a more complex malformation or in a poli-mal-
formative syndrome [44]. In case of objective
instability, with hypermobility between C2 and
C3, chronic painful complaints or myelopathy,
C2—C3 fusion is indicated (Fig. 14.13).

14.5 Congenital Malformations
of the Lamina and Spinous
Process

Laminae may be involved in a malformation
appearing with lack of formation of the posterior
arch, as a wide spina bifida with lack the spinous
process and a more or less open window
between left and right sides of the posterior arch
depending on the degree of agenesis of the
laminae, which may be total and sometimes
involved in an unstable malformation if it is a
part of a complete aplasia of the posterior arch
of C2, thus including the articular processes.

On the other hand, laminae and spinous pro-
cess may be fused to its correspondent at C3
level and more rarely to the posterior arch of the
atlas (Fig. 14.14).

In daily practice, partial absence of the posterior
arch due to lack of formation or normal union of
laminae and spinous process may be a problem
only in case of an operation by posterior approach.
If the posterior arch “window” is neglected, sur-
geon may enter the canal with instruments and
injure the dura and the spinal cord.

14.6 Synostoses or Congenital
Fusions

The clinical significance of a defect of seg-
mentation is related to the influence that the
“block” may have on the development of
instability or degeneration at the adjacent seg-
ments. Congenital anomalies may come mainly
from defects of differentiation between the
occiput and C1 and defects of differentiation
between C2 and C3 [2, 11, 38, 45, 46].
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(a)

Fig. 14.13 a Oblique radiograph of the upper cervical
spine with partial agenesis of the lower part of an
articular process of C1 (which appears tilted on C2, black
arrow) and agenesis a pedicle and the upper part of an
articular process of C2, appearing the opposite one with
single contour overlapped with the posterior arch of the
atlas (white arrow). b Frontal view of a tridimensional

reconstruction of the same case, showing the bony defect
(arrow) due to the agenesis of the lower part of the right
articular process of Cl, its corresponding articular
process at C2 and the right pedicle. The caudal aspect
of the pars interarticularis and the lower articular process
of C2 remain

Fig. 14.14 Lateral radiograph shows fusion of the
posterior arches of C1 and C2 (white arrow). Note that
there is a lack of continuity in the lateral junction

between the articular processes of the atlas and its
posterior arch (black arrow) which as been defined as
lateral spina bifida of the atlas [19]
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14.6.1 Fusion

This is the most commonly recognized occipi-
tocervical anomaly and it is characterized by
partial or total complete fusion of the bony ring
of the atlas to the occiput. It is called occipitali-
zation or assimilation of the atlas and may occur
as a consequence of a defect in the development
of the caudal half of the last occipital sclerotome
and the cranial half of the first cervical sclero-
tome. The lack of flexion—extension mobility at
O—C1 level may determine progressive laxity of
the transverse ligament and hypermobility
between atlas and axis leading to local symptoms
and indeterminacy on a potential risk of cord
compression. Twenty percent of the patients
have associated other cranial, facial or vertebral
bony malformation [2, 30].

Symptoms are characteristics of those con-
ditions with instability at the upper cervical
spine, the patients being frequently asymptom-
atic or complaining of suboccipital pain, painful
muscle spasm, torticollis and/or a wide diversity
of neurological signs and symptoms of cord
compression. The onset of symptoms is usually
at third or fourth decade, being the beginning
insidious. Although progression of symptoms is
usually slow sudden aggravation and instant
death have been reported even without a trauma
[47, 48]. Local swelling from infection of the
nasopharynx or pharynx may initiate symptoms
and complaints. When symptoms have a sudden
onset in adults without a precipitating cause
differential diagnosis must include multiple
sclerosis or amyotrophic lateral sclerosis.

Late onset of symptoms would be reasonably
due to gradual laxity of CI1—C2 ligaments—
notably the transverse one—provoking inter-
mittent narrowing of the spinal canal between
the posterior part of the tip of the dens and the
posterior arch of the atlas. Spinal cord com-
pression is greater when the odontoid process is
relatively high respecting to the anterior arch of
the atlas (it may then enter in the foramen
magnum) and in the case of synostosis of C2—
C3 or longer.

Radiological diagnosis is not difficult. When
bony continuity between the ring of C1 and the
occiput is not clearly seen, there are some sings
observed in simple standard radiographic lateral
views that usually lead to suspect that atlas and
occiput are fused. This signs are: Basilar
impression, which is “relative” when the ring of
Cl1 is very thin, less high than normal; very high
position of C1, appearing too close to the occiput;
and very high position of the anterior arch of C1
respecting to the dens, appearing quite at its tip.
The odontoid often has an abnormal shape, is
longer than normal and its angle with the base of
the axis is directed more posteriorly.

Anyway, in case of suspicion, 3D multiplanar
CT allows to an easy demonstration of the union
between the occiput and C1, specially in coronal
and sagittal reconstructions [12]. In the very
young population, image interpretation and
radiologic diagnosis may be frequently difficult
because a variable but sometimes significant
portion of the ring of C1 is unossified.

Atlantoaxial interval has not to be greater
than 4-5 mm in dynamic radiological lateral
view studies. If real instability is detected,
explanation on the potential risk in case of
progressive instability or accident has to be
given to the patient and OC2 fusion may be
advised and periodical review has to be recom-
mended. Cord compression is more frequent in
case of narrow canal between the tip of the
odontoid and the posterior lip of the foramen
magnum.

Isolated congenital C1—C2 hypermobility
with no bony anomalies may be observed in
some cases, more frequently in people with
Down syndrome [13, 30]. The cause would be a
congenitally determined laxity or absence of the
transverse ligament.

Fusion or defect of segmentation from the
occiput may also include more cervical verte-
brae as the axis and others more caudal, within
the group of variants which we may observe and
classify more or less correctly as Klippel-Feil
syndrome. Vertebral congenital blocks may exist
with no brevicollis or low posterior hairline.
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Fig. 14.15 a A 55-year-old patient with a C2—C3
congenital block and no degenerative changes at the
adjacent level and evident degeneration at levels C4—C5
(listhesis) and C5—C6 (osteophytes, diminished discal
high). b Patient aged 50 with a C2—C4 congenital block
and advanced C4—C7 degeneration. ¢ Patient aged 48

When progressive hypermobility is demon-
strated or patients become symptomatic surgical
treatment has to be considered. Some times a
conservative trial with traction or immobiliza-
tion with collar or SOMI brace, may be adequate
when symptoms appear after a trauma. Posterior
O—C2 fusion is the normal surgical indication,
sometimes associated to resection of the pos-
terior arch of C1 and suboccipital craniectomy
depending on the neurological deficit.

with a C2—C3 congenital block and no adjacent degen-
eration. d and e Patient with a C2—C3 congenital block
consulting twice for pain on the cervico-thoracic junction
at the ages of 47 (d) and 62 (e). No degeneration was
observed at the adjacent levels

14.6.2 Atlanto-Axial Fusion

Although we have some times observed partial
synostoses connecting Atlas and Axis, even
persistent synchondrosis between occiput and
the tip of the odontoid process (Fig. 14.11)
complete atlanto-axial congenital fusion is
exceptionally reported out of the possible
fusions to the arch or the articular process of C1
seen in case of os odontoideum [2, 3].
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Fig. 14.16 Lateral radiograph of the cervical spine of a
48-year-old woman who felt a transient tetraparesis after
a fall while skiing. She had a frontal impact and the
subsequent abrupt hyper-extension of the neck being
quite tetraplegic for 5 min. The radiograph sowed
congenital stenosis (lines at the base of the spinous
process close or contacting the posterior line of the
articular process) and retrolisthesis of the C2C3 block on
C4. The postero-inferior border of C3 being displaced
posteriorly and entering the canal (arrow) with separation
of the articular process of C4 and CS5 (star)

14.6.3 C2—C3 fusion

Together with congenital synostosis at C4—C5
or C5—C6 levels, this defect of segmentation is
quite common either as isolated finding as well
as a part in a more extended block in a Klippel-
Feil syndrome. In the classic Klippel-Feil syn-
drome, the neck is short and the posterior hair
line appears very low. Some authors consider
that cervical blocks cause degeneration of the
adjacent segments [49, 50] but others think that
it is considered to be even an incidental finding
[51] unrelated to disease, specially at C2—C3

level. We think that it depends on the number of
mobile segments involved in the congenital
synostosis and also on the position in the cer-
vical spine, degeneration being very common in
the levels in which degeneration is common—
C5 to C7—and is more rare at C3—C4 level in
case of C2—C3 congenital synostosis. Although
C2—C3 congenital fusion may be associated to
degeneration at C3—C4 level, of course, it
would be generally benign [7] and very well
tolerated; in our daily practice we frequently
observe patients older than fifty or sixty who
complaint of low cervical pain with a well cor-
responding degeneration at C5—C7 levels and a
congenital C2—C3 block with no degeneration
at all at C3—C4 level (Fig. 14.15).

People with a C2—C3 block may be asymp-
tomatic all along their life but sometimes
patients complain of middle neck pain or stiff-
ness because of adjacent degeneration, specially
in cases of fusion at several segments. Further-
more, there are reports on cases of C2—C3
congenital blocks having myelopathy (even in
an eighteen-year-old boy [45]) or transient tet-
raparesis [52] in case of minor trauma with no
fracture or dislocation. In these cases, the asso-
ciation of a small hypermobility/instability and a
narrow canal is currently the cause of a neural
lesion (Fig. 14.16).

Radiological diagnosis is usually easy, either
as a part of a Klippel-Feil syndrome as well as in
the case of a localized block, limited at C2—C3
level. The shape of the vertebral bodies is usually
normal or minimally distorted, the articular pro-
cesses and the laminae appear totally fused, the
spinous process being frequently partially fused.
The disc remnant is more or less visible but easily
recognized. Coming back on adjacent degenera-
tion, Moon et al. [11] reported that normally
aligned congenital synostosis of C2—C3 is rarely
associated with a junctional problem, whereas a
kyphotic synostosis is associated with a caudal
junctional problem. They also conclude that
cervical spondylosis developing after the age of
40 is not associated with C2—C3 synostosis.

Cases with multiple level synostosis (fre-
quently associated with segmental stenosis, at the
block levels and transitional zones) are more
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Fig. 14.17 a Lateral radiograph of the cervical spine of
a 42-year-old man with Down’s syndrome and os
odontoideum and evident C1—C2 instability correlating
with a clinical picture of spastic tetraparesis. He is the
same patient than the one of Fig. 14.10, were appeared
with a better alignment due to the supine position
required for MRI studies. Instability lead to compression
at C1—C2 level (upper arrows). Dimensions of the canal
at this point may be compared with the ones at C2—C3
level (lower arrows). This is the paradigm of a congenital

prone to have neurological symptoms. Congeni-
tal synostosis present sometime problems in the
differential diagnosis but image studies and
genetics lead easily to an accurate diagnosis [46].

Treatment depends on the clinical picture and
may be conservative in absence of neurological
symptoms, or surgical in case of persistent pain
or neurological signs. Surgical treatment gener-
ally consists of fusion of the adjacent degener-
ated segments, associated or not to cord
decompression. Yi et al. [17] have reported
surgical management of the adjacent degener-
ated segment with total disc replacement; it
appears to be promising but we need studies on
series and long-term outcome to feel sure on the
indications and the possible “survival” of a

anomaly of the axis leading to indication for arthrodesis.
b. Lateral radiograph of the cervical spine of an 8-year-
old girl showing a very complex congenital anomaly with
no discussion on a possible instability and its subsequent
indication for arthrodesis. There is a total absence of
posterior structures of C2 to C4, except a small reminder
of articular process and lamina of C4 (star), defect of
formation of the body of C5, spondylolysis of C5 (white
arrow), assimilation of the atlas and lateral spina bifida
[18, 19] (black arrow)

prosthetic mobile segment under a more or less
long vertebral synostosis.

14.7 Mixed Congenital
Malformations

Association anomalies may cause very complex
malformations, difficult to define and distinguish
due to combination of agenesis of parts of a ver-
tebral ring and partial or total fusion among sev-
eral vertebral units. These mixed malformations
often involve more than four vertebrae and are a
part of a polymalformative syndrome [28, 53].
The most common mixed anomalies are not very
complex and have been already mentioned, the
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association of assimilation of the atlas to a block
between C2 and C3, and the association between
os odontoideum and spina bifida of the atlas.

A part of the more or less accurate definition of

the type of anomalies being a part of the mixed and
more complex one, from a practical point of view,
surgeon try to determine if there is instability and
its potential repercussion in terms of future neu-
rological risk or correlation (Fig. 14.17).
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Andreas F. Mavrogenis and Pietro Ruggieri

A small number of patients with neck pain may
have a tumor in the cervical spine. Tumors of the
axis (C2 vertebra) are rare [1, 2]. The location
and unique structure of the upper cervical spine
and proximity to vital structures make diagnosis
and treatment difficult. Pain is usually the initial
symptom; incidental diagnosis on plain radio-
graphs is not uncommon [2, 3]. Spasm, kyphotic
or scoliotic deformities, or torticollis, neck
stiffness and dysphagia, neurological deficits, or
spine instability may be associated symptoms
[3-6].

15.1 Imaging

Plain radiographs may show a radiolucent and
destructive lesion or severe osteopenia; patho-
logical fracture, loss of a pedicle on an antero-
posterior view, an osteoblastic lesion, bone
destruction with preservation of the disks, pa-
raspinal soft tissue mass with or without calci-
fication, and collapse of the vertebral body with
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radiographic appearance of vertebra plana may
be associated symptoms [1, 7, 8]. Computed
tomography (CT) is more sensitive than plain
films and more accurate than magnetic reso-
nance imaging (MRI) for bone lesions; MRI is
most useful for the diagnosis of intra- and
extradural spinal lesions and soft tissue exten-
sion [5]. Bone scan shows increased uptake in
the majority of spinal tumors. The disadvantage
is the low specificity due to the high rates of
false-positive findings in coexisting degenera-
tive spondylosis in older patients. Additionally,
in most cases, hemoproliferative tumors such as
plasma cell dyscrasias produce little, if any,
osteoblastic reaction and therefore are not evi-
dent on isotope bone scan [9].

15.2 Biopsy

CT-guided trocar biopsy can be performed suc-
cessfully in the cervical spine, with low inci-
dence of tumor spreading in the surrounding
tissues [10]. Open incisional biopsy should be
performed in cases where sufficient tissue is
required; for anterior spine tumors, it is best
obtained through an anterior approach rather
than by laminectomy to avoid contamination of
the epidural space [11]. Excisional biopsy
should be reserved for tumors of the posterior
elements of the cervical spine [12]. In few cases,
when imaging features are strongly consistent
with a certain diagnosis such as recurrent pri-
mary tumor, metastatic disease, and in cases in
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Fig. 15.1 a Lateral
radiograph and b axial
computed tomography
(CT) of the cervical spine
of a 15-year-old male
patient with osteoid
osteoma of the axis

which a certain diagnosis such as multiple
myeloma is obvious, biopsy can be avoided [12].

15.3 Benign Bone Tumors
of the Axis

Approximately 10 % of osteoid osteomas occur
in the spine. Upper cervical spine location is
rare; however, osteoid osteoma is the most
common benign bone tumor of the axis
(Fig. 15.1) [2]. Most cases present before the
age of 25 years [13—15]. Persistent cervical pain
in an adolescent or young adult, frequently
associated with radiation to the upper limb
without specific dermatomal distribution, some-
times concomitant with muscle spasm is con-
sistent with the diagnosis of osteoid osteoma
[14, 15]. In contrast to extraspinal locations,
only about one-third of patients respond to
aspirin [14, 15]. Traditional treatment has been
complete surgical removal of the nidus, with a
recurrence rate of up to 4.5 % [16-18]. Percu-
taneous radiofrequency thermal ablation has
been used successfully for the treatment for
spinal osteoid osteomas without any complica-
tions from the spinal cord [19].

Aneurysmal bone cysts are the second most
common benign bone tumors of the axis
(Fig. 15.2) [2]. They more commonly affect
females in the first two decades of life and
involve the posterior neural arch [20-26]. Pain is
the most frequent presenting symptom; spinal
cord compression is possible as cyst grows [14].
Surgical treatment in the axis is difficult due to
location and complex reconstruction [20, 21, 24,

27-30]; the local recurrence after curettage
ranges from 5 to 10 % [20, 21, 23, 27, 28].
Embolization and percutaneous intralesional
injection of calcitonin and methylprednisolone
have been tried successfully for aneurysmal
bone cysts of the upper cervical spine [25, 26].
However, both treatments require multiple ses-
sions of therapy that take effect over the course
of several months [25, 26]. In addition, embo-
lization in the upper cervical spine is associated
with the risk of spinal cord infarct [21] because
the blood supply of the lesions is usually through
branches of the vertebral artery [14, 24]. Radi-
ation therapy may be necessary to reduce the
risk of local recurrence [31, 32].

Osteoblastomas are the third most common
benign tumors of the axis (Fig. 15.3) [2].
Although histologically identical to osteomas,
osteoblastomas are much larger (>2 cm) and
less common [14, 20]. Approximately 35 %
occur in the spine [13-15]; about half of the
cases occur in the lumbar spine, with the
remaining equally distributed between the tho-
racic and cervical spine [14]. They most com-
monly arise from the posterior spinal elements,
sometimes invading the vertebral body [14, 33—
36]. Because of their slow growth and larger
size, they tend to involve more than one element
of the spine and usually manifest via local mass
effect on adjacent structures and neurological
deficits [14, 15, 37, 38]. Rarely, osteoblastomas
may undergo sarcomatous changes [39]. Treat-
ment for cervical spine osteoblastomas is com-
plete surgical resection [14, 40]. Radiation
therapy may be considered as adjuvant in
patients with multiple recurrences [41].
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Fig. 15.2 a Lateral radiograph and b axial CT of the cervical spine of a 14-year-old female patient with aneurysmal

bone cyst of the axis

Fig. 15.3 Axial CT of the cervical spine of a 14-year-
old female patient with osteoblastoma of the axis

Giant-cell tumor is the fourth most common
benign tumor in the spine (1.4-9.4 %)
(Fig. 15.4) [2, 42]; cervical location is as com-
mon as thoracic or lumbar [14, 43]. Spinal giant-
cell tumor most commonly presents with pain
due to the expansile lesion with or without
vertebral collapse, spinal instability, and neuro-
logical deficits [43]. Preoperative embolization
followed by marginal or intralesional resection

and radiation therapy is usually the treatment of
choice [7, 44-46]. Bone grafting should be
avoided because the tumor is known to recur in
the grafted bone [45, 46]. A 13.5 % risk of
metastases of spinal giant-cell tumors compared
with 1.8-9.1 % from other locations has been
reported [47-50]. Local recurrence in the spine
is reported to be lower compared with other
locations [51].

Eosinophilic granuloma of the spine accounts
for 6.5-25 % of all bone cases [14, 20, 52, 53].
The cervical spine is the third most common
location after the thoracic and the lumbar spine
[52-55]. Spinal location can be solitary or
multiple and usually involves the vertebral body
[14]. Cervical spine eosinophilic granuloma
more often manifests with osteolytic lesions,
rather than with vertebra plana [54]. In this
setting, differential diagnosis with Ewing’s sar-
coma or lymphoma is necessary [14]. Eosino-
philic granuloma may be self-limited and heal
spontaneously [14]. Treatment for a painful,
typical lesion with unique involvement of the
vertebral body and absence of neurological
deficits is conservative [54, 56, 57]. In patients
with mild neurological deficits, immobilization
and radiation have been used [58]. In patients
with severe pain, restriction of motion, persistent
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Fig. 15.4 Sagittal a CT and b T2-weighted magnetic resonance imaging (MRI) of the cervical spine of a 21-year-old

male patient with giant-cell tumor of the axis

spinal subluxation, and/or neurological symp-
toms, surgical treatment is required [53-55, 59].
Chemotherapy should be reserved for systemic
disease [54, 58, 59] and locations that preclude
safe and complete excision [60]. Alternatively,
computed tomography—guided intralesional
methylprednisolone injection, as adjunct or pri-
mary treatment, has been safe and successful
[61].

Fibromyxoma of bone is a rare benign fibrous
tumor typically involving the jawbones [62].
Spinal location has been reported once
(Fig. 15.5) [2]. Extragnathic lesions with abun-
dant myxoid tissue have been designated as
myxomas; in the presence of large amounts of
differentiated fibrous tissue, they have been
designated as fibromyxomas [1, 62-66]. Fibro-
myxoma should be distinguished from benign
cartilage forming bone tumors such as chondr-
omyxoid fibroma and myxoid chondrosarcoma
from the absence of histological lobular pattern,
chondroid matrix and variety of cells, and the
more aggressive behavior of the latter. Associ-
ation with myxoid fibrous dysplasia has also
been implicated [1]. Pain is the typical presen-
tation. The most common radiographic patterns
are a well-defined radiolucent lesion with corti-
cal destruction without periosteal reaction, an
expansile central metaphyseal lesion with

Fig. 15.5 Lateral radiograph of the cervical spine of a
21-year-old female patient with fibromyxoma of the axis

sclerotic rim, and a malignant lesion with ill-
defined margins, cortical destruction, and soft
tissue extension. An extraosseous mass has been
reported in approximately one-third of cases.
Complete curettage or excision is the treatment
of choice [63, 65-67]; recurrence has been up to
13 % [63, 64].
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15.4 Malignant Bone Tumors
of the Axis

The occurrence and management of malignant
bone tumors in the upper cervical spine are
challenging [3, 4, 68]. In most cases, conserva-
tive, adjuvant, or palliative treatments including
curettage and piecemeal tumor excision are only
feasible because of the tumor extent and prox-
imity to vital structures, resulting in high rates of
local recurrences and distal metastases [68].
The spine is the most common site of bone
metastases; in the axis, metastases are also the
most common malignant lesions and the most
common bone tumors overall (Fig. 15.6) [2].
Clinical symptoms develop due to increase in
size of the lesion, compression of adjacent
structures and nerve roots, spinal instability, and
spinal cord compression [69]. Metastasis to the
odontoid process is important because the
mortality rate is >50 %, especially if

Fig. 15.6 Lateral radiograph of the cervical spine of a
44-year-old female patient with metastatic breast cancer
of the axis

complicated with acute odontoid process frac-
tures [70]. Depending on life expectancy, treat-
ments of patients with cervical spine metastases
include surgery, chemotherapy, and radiation
therapy, depending on the stage of the disease
and neurological impairment or instability. Per-
cutaneous vertebroplasty can also be used for
pain palliation [71]. However, bone metastases
are progressive, even after combined surgical
treatment and adjuvants, and the prognosis is
poor [69-T71].

Chordomas are low-grade, slow-growing,
locally invasive malignant tumors from neo-
plastic transformation of notochordal remnants
in the vertebral disks [68]. They account for
33 % of all primary malignant spinal tumors
[72-741]; 50 % occur in the sacrum, 37 % in the
clivus, and the others in decreasing order in the
cervical (6 %), lumbar, and thoracic spine
[1, 20, 68, 73, 74]. In the axis, chordomas are the
third most common malignant bone tumors
(Fig. 15.7) [2]. Chordomas metastasize late in
their course [68]. They are more aggressive in
children, showing high mitotic activity, hyper-
cellularity and pleomorphism, and higher risk of
metastatic spread [75, 76]. A long history of
mild neck pain is the most common complaint,
in addition to symptoms related to a slow-
growing mass including dysphagia, upper
respiratory obstruction, Horner’s syndrome, and
nerve root/cord compression [7]. En bloc surgi-
cal resection is the treatment of choice; however,
excision is often limited by adjacent anatomic
structures [68]. In most cases, only marginal or
intralesional resection is feasible [77-80]. In
these cases, recurrence has been 12-60 % [77,
80, 81] within 2-3 years, but can be as long as
10 years [82-84]. Chordomas are not sensitive
to chemotherapy. Proton therapy and stereotactic
radiation seem to slow the evolution of the dis-
ease and have 2- and 5-year local control rates of
82 and 50 %, respectively [3, 85-87].

Plasmacytoma and myeloma are the most
common (30 %) primary malignant tumors of
the spine; 3 % of the cases affect the cervical
spine (Fig. 15.8) [1, 2]. Plasma cell neoplasms
usually are radiosensitive even to low doses of
conventional radiation. If neurological status is
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(a)

Fig. 15.7 a Anteroposterior radiograph (odontoid view), and sagittal b CT and ¢ T2-weighted MRI of the cervical
spine of a 67-year-old female patient with chordoma of the axis

Fig. 15.8 a Lateral
tomography and b coronal
CT of the cervical spine of
a 28-year-old male patient
with plasmacytoma of the
axis

(a)

normal, the treatment of choice is radiation
therapy with or without chemotherapy [3]. Sur-
gical treatment is indicated in cases with pro-
gressive neurological deficits, spinal instability,
nerve root/cord compression, or recurrences
after maximum dose radiation [3, 9]. The prog-
nosis for plasmacytoma is better than that for
multiple myeloma [72]. Approximately 50 % of
plasmacytomas will progress to multiple mye-
loma [2, 3, 85].

Osteosarcomas account for 10 % of primary
malignant tumors of the spine [20, 36, 88, 89];
0.5 % of cases affect the cervical spine [1]. In the
upper cervical spine, osteosarcomas are the
fourth most common malignant tumors; atlas
involvement is more common than the axis [2].
Chemotherapy is the treatment of choice for
osteosarcomas. Surgery should be regarded for
palliation of advanced tumors. In cases of neu-
rological deterioration, operative intervention for
decompression and spinal stabilization may pre-
cede chemotherapy [89]. The natural course of

spinal osteosarcomas usually is rapid, with early
lung metastases and a poor prognosis [3, 88].

Chondrosarcomas of the axis are rare
(Fig. 15.9); 1.5 % of all chondrosarcomas affect
the cervical spine [1-3]. Most are low-grade and
relatively indolent and tend to recur locally
before distant spreading occurs [90]. Chondro-
sarcomas are radiation and chemotherapy resis-
tant [72]. The treatment of choice is wide-
margin surgical resection. However, for chon-
drosarcomas of the upper cervical spine, piece-
meal excision is frequently the only possible
surgical procedure [3].

Epithelioid hemangioendothelioma of bone is
a low-grade malignant endothelial tumor with a
biologic behavior between that of hemangioma
and angiosarcoma. Although it is the most
common malignant vascular tumor of bone, it
accounts for <1 % of all bone tumors [91];
spinal lesions account for <10 % of all cases
[92]. Location in the axis is exceptional
(Fig. 15.10) [2]. It may occur at any age; half of



15 Tumors

151

Fig. 15.9 Sagittal CT of

the cervical spine of a 67-
year-old male patient with
chondrosarcoma of the axis

Fig. 15.10 Lateral tomography of the cervical spine of
a 50-year-old male patient with hemangioendothelioma
of the axis

the cases are seen in childhood or young adults.
Characteristic feature is the tendency to mul-
tifocality [92, 93]. Localized pain and soft tissue
swelling are the most common clinical symp-
toms [93, 94]. Treatment includes surgery, with
or without adjuvant chemotherapy, radiation
therapy, and embolization; recurrence has been
up to 13 % [93, 94].
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