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Preface

Interventional neuroradiology is a relatively recently established subdisci-
pline of neuroscience and radiology that has expanded rapidly and now plays
an important role in the diagnosis and treatment of brain and spine pathology
of both vascular and non-vascular origin.

Spine pain is a dramatic social problem whose significance has grown
even during the short course of the twenty-first century, with annual increases
in incidence owing to the increase in average life expectancy, the “silent epi-
demic” of osteoporosis and the growing number of patients with primary or
secondary spine tumors.

Among the many reasons for writing a book in the field of medicine are
the desire to share your and your co-authors’ experience with the scientific
world, the wish to present your point of view on the diagnosis and treatment
of particular pathologies and, especially, the importance of transmitting sci-
ence to those working in other medical disciplines with a view to ensuring
that disease is treated in the best possible way.

Bearing this in mind, starting from the basic anatomy and clinical ap-
proach, this book presents and describes not only the neuroradiological expe-
rience but also the medical, radiotherapy and surgical points of view regard-
ing the optimal treatment of pathologies encountered in daily practice.

I would like to thank all the co-authors for the excellent job that they have
done and for their prompt responses to my invitation to contribute to this
book, which has ensured publication within a short time.

Naples, November 2012 Mario Muto, MD
Chief, Diagnostic and

Interventional Neuroradiology

A. Cardarelli Hospital, Naples, Italy

President of the Section of Neuroradiology

of the Italian Society of Radiology (SIRM)

Chairman of the Spine Section of the European

Society of Neuroradiology (ESNR)
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Biomechanics of the Spine
and Etiopathogenesis of Spinal Pain

Roberto 1zzo and Mario Muto

1.1. Normal Motion in the Spine
The human spine is a multi-joint system con-
trolled by muscles which supports the head and
trunk and encloses and protects the spinal cord,
the nerve roots and, at the cervical level, the ver-
tebral arteries. Twenty-four highly specialized
cervical, dorsal and lumbar motion segments
(MS) together provide the significant range of
motion (ROM) and load-bearing capacity need-
ed for the physiological activities of daily life.
Fused sacral vertebrae form a solid, tilted wedge-
shaped base which transmits vertical spinal loads
through the pelvic bones and hip joints to the
lower extremities.

Within each motion segment MS, the smallest
functional spinal unit (FSU) including two ad-
jacent vertebrae with interposing soft tissues, a
vertebra can perform, with respect to adjacent
ones, three translations along and three rotational
movements around each of the x-, y-, z- cartesian
axes of space. Various combinations of main and
coupled movements can also be carried out, the
latter occurring simultaneously along or around
an axis different from that of the principal mo-
tion [1]. Only limited movements are possible
between adjacent vertebrae, but the sum of move-

R. Izzo (BX)

Neuroradiology Department, A. Cardarelli Hospital,
Naples, Italy

e-mail: robertoizzo13 @virgilio.it

M. Muto (ed.), Interventional Neuroradiology of the Spine,
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Fig. 1.1 Load/displacement curve of the motion segment.
The load/displacement curve of the spine is not linear. The
range of motion of the spinal joints includes an initial neu-
tral zone (NZ) consisting in relatively large displacements
at low load, and an elastic zone (EZ) that requires more
load per unit of displacement because of the tension of
capsules and ligaments

ments of all MS provides considerable spinal mo-
bility in all major spatial planes. Differences in
mobility between regions are due to the effect of
the rib cage as well as differences in the shape,
orientation and size of the articular and spinous
processes.

The fundament of the mechanics and motion
of the spine is the highly nonlinear load/displace-
ment ratio of the MS. This is because the effort
required for movement changes significantly in
its various phases [2] (Fig. 1.1). The physiologi-

DOI 10.1007/978-88-470-2790-9_1, © Springer-Verlag Italia 2013
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Fig. 1.2 During flexion-extension both vertebral bod-
ies and facets rotate performing two circumference arcs
around the same transversal instantaneous axis of rotation
whose site changes according to spinal level. In the infe-
rior cervical spine the IAR is located in the superior part
of the subjacent vertebral body [3]

cal range of motion (ROM) includes a neutral
zone (NZ) and an elastic zone (EZ) [2] (Fig. 1.1).
The NZ is the initial part of intervertebral mo-
tion on either side of the neutral position, where
it meets relatively scarce resistance and the spine
exhibits high flexibility owing to the laxity of
capsules, ligaments and tendons. The NZ is fol-
lowed by the EZ, a zone of higher stiffness where
the resistance to movement (and the slope of the
curve representing it) increase linearly when the
ligaments, capsules, fascias and tendons become
tense, requiring more load per unit of displace-
ment [2] (Fig. 1.1).

The biphasic nonlinear behaviour of the spi-
nal joints probably meets two opposing needs: (i)
to allow for movements near the neutral position
to occur with as less muscle effort as possible and
(ii) to ensure stability at the ends of joint excur-
sions [2]. Each one of the six degrees of freedom
of motion any vertebra can perform with respect

to other ones has its own ROM, NZ and EZ [2].

According to Louis, during flexion—exten-
sion of the subaxial spine the vertebra moves
around a transversal rotation axis placed not in
the subjacent disk but in an area within the sub-
jacent vertebral body (VB) [3] (Fig. 1.2). Either
the disk and facets perform two circumferential
arcs around the same rotation center whose loca-
tion changes according to the level, being placed
two VBs below in the cervical spine and in the
superior endplate of the subjacent VB in the dor-
sal and lumbar spine [3] (Fig. 2.2). The low posi-
tion of the rotation centers generates a coupled
movement of anterolisthesis which varies from a
maximum of 2-3 mm at C2-C3 to a minimum of
0.5 mm up to 1.5 mm from D1 to L5 [3].

Kanayama et al. observed that normal cervi-
cal and lumbosacral segmental motions occur not
simultaneously but stepwise, starting from the
upper levels and transmitting in a well-regulated
way to the lower segments. In diseased spines,
however, motion is initiated at the unstable seg-
ments [4]. Axial rotation and lateral bending
are always coupled movements because of the
oblique orientation of the facet joints and mus-
cles. The coupling of these movements at the cer-
vical level is dramatic [3]. The center of lateral
bending will always be between the facets, but
the center of axial rotation varies according to the
level, being located in the central body for the
dorsal spine and in the spinous processes for the
lumbar segment [3].

By virtue of its peculiar anatomical and bio-
mechanical features, the craniocervical junction
(CCJ) has specific patterns of movement and
biomechanics that are completely different from
those observed in the subaxial spine. The CCJ is
a transitional structure programmed to ensure the
maximal mobility of the head in order to guaran-
tee the complete visual and auditive exploration
of space [5]. The CCJ, like a cardan joint, allows
simultaneous and independent movements of the
head around three axes of space to repeat and ex-
tend eye movements under the control of visual
and vestibular receptors [5].

The occiput-C1-C2 complex is responsible
for 40% of all cervical flexion—extension, and
for 60% of global rotation [6—8]. Specifically, the
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Fig. 1.3 Diagram of the alar ligaments viewed from above. Alar ligaments are the primary restraints of rotation of the
head at C1-C2 joint. During axial rotation it comes in tension first the ligament on the side of rotation (a), then the
contralateral one (b). At the end of movement the head is displaced contralaterally

C1-C2 joint (the most mobile individual joint in
the entire spine) performs most of the rotation of
the head [7, 9]. In the subaxial cervical spine, the
frontal inclination of the facets allows much less
axial rotation. Panjabi et al. reported a general
tendency to decrease with aging for all move-
ments of the cervical spine, except for the axial
rotation of the CCJ [7].

The inferior obliquus muscle undertakes the
first 30°of head rotation with a relatively fine ac-
tion through its insertions on the transverse pro-
cess of C1 and the spinous process of C2. This
traction (which is unilateral and not balanced)
creates a backwards translation of the atlas ring
blocked by the contact with the dens [S]. The
movement is therefore continued by the oppos-
ing powerful actions of the sternocleidomastoid
(SCM) and splenius capitis (SCA) muscles. The
superior insertions of these muscles are located
far laterally on the mastoids, whereas the inferior
attachments are near the median line to obtain the
maximal rotation possible despite of the shorten-
ing capacity of just one-third of muscular length
during contraction [5].

The alar ligaments are the primary restraints
of C1-C2 axial rotation [10] (Fig. 1.3). The pri-
mary movement of the C0O-C1 joint is flexion—
extension, during which the occipital condyles
rotate and move in posterior and anterior direc-
tions, respectively. During flexion—extension, the
tectorial membrane and alar ligaments prevent
sagittal translation between the basion and the tip

of the dens (whose range is <1 mm), with a minor
stabilising contribution coming from the cup-like
facets of C1, whereas the transverse ligament
prevents the forward shifting of anterior C1 ring.
[11, 12].

1.2 Definition of Stability and

Instability of the Spine

Several definitions of spinal stability based on
biomechanical and clinical parameters have been
postulated, but a specific definition is lacking.
White and Panjabi defined the clinical stability
of the spine to be “the ability under physiolog-
ic loads to limit patterns of displacement to not
damage or irritate the spinal cord and nerve roots
and to prevent incapacitating deformity or pain
caused by structural changes” [12]. Larson de-
fined the stable spine to be symmetrical in move-
ment and configuration (normal or abnormal),
with no change with time [13].

Apart from protection of nervous structures,
spinal stability is the basic requirement for the:
transfer of power forces between the upper and
lower limbs; active generation of forces in the
trunk; prevention of the early biomechanical de-
terioration of its own components; reduction of
energy expenditure during muscle action [14,
15]. The loss of stability, i.e., instability, is an
important often unknown cause of back pain par-
ticularly at the lumbar level.
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A widely accepted definition of instability
is also lacking. White and Panjabi defined in-
stability as “the loss of the ability of the spine
under physiologic loads to maintain its patterns
of displacement so there is no initial or addi-
tional neurologic deficit, no major deformity,
and no incapacitating pain” [16]. Physiological
loads are related to normal daily tasks and ac-
tivities. According to Pope, instability is a loss
of stiffness leading to abnormal and increased
movement in the MS [17]. Most of the classic
definitions of instability refer to a global increase
of movements over the “normal limits” associ-
ated with back pain and/or root pain [16, 18].
Unfortunately, the definition of “normal or phys-
iological movements” is controversial because
the excessive overlap of the patterns of move-
ment between symptomatic and asymptomatic
subjects renders it difficult to define standard
references and to correlate clinical with imag-
ing findings [19]. Furthermore, with instability,
movements can be abnormal in quality (abnormal
coupling patterns) and/or in quantity (increased
motion) [20]. Finally, because spinal movement
is three-dimensional (3D) with coupled move-
ments, dysfunctional motions also tend to occur
in more than one direction [21]. This complexity

Fig. 1.4 The NZ can be likened to the bottom of a cup and the EZ to its walls.
In the bottom of a glass a ball can move more freely, but meets resistance
when it climbs on the steep walls of the glass. A stable column was imagined
as a narrow wine glass (a), while an unstable spine as a large bowl soup

(b) where a ball has a much greater freedom of movement. With a too large
NZ overcoming the limits of a pain free zone movements can become painful.
Adapted from Panjabi [22]. ROM range of motion, NZ neutral zone,

makes clinical and imaging assessment of spinal
instability quite challenging.

1.3 Spinal Stabilization

Stability implies an appropriate relationship be-
tween NZ and EZ [2, 22]. In reference to the load—
displacement curves of the MS, Panjabi com-
pared the NZ to the bottom of a glass in which a
ball can move quite freely, and the extremities of
the movement, the EZ, to the steeper walls of the
cup on whose inclination the ball climbs meeting
an increasing resistance [22] (Fig. 1.2a). A stable
column was considered to be like a narrow cham-
pagne glass, whereas an unstable column like a
large soup bowl [22] (Fig. 1.4).

According to a mechanistic hypothesis of spi-
nal pain, in asymptomatic subjects NZ and ROM
are normal and contained within the limits of a
pain-free zone (PFZ) [22] (Fig. 1.4). In the unsta-
ble spine, the NZ increases over the limits of the
PFZ [1, 22]. The severe disk collapse and osteo-
phytosis, surgical fusion and muscular training
all improve spinal stiffness, reduce the NZ and
relieve pain. The size of the NZ has been shown
to be the most sensitive parameter for the defini-
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Fig. 1.5 Three subsystems control the stability of the
spine: the spinal column, the muscles and the central
nervous system. They are strictly related so any acute or
chronic damage to a subsystem requires more compensa-

tory work by the other ones. Modified from [77], repro-
duced with permission

tion of traumatic and degenerative spinal instabil-
ity: it increases earlier and to a greater extent than
ROM and EZ [2, 23, 24]. By observing the be-
haviour of the NZ in tests on cadaveric specimens
and in animals, Panjabi redefined instability as
the reduced ability by the stabilizing systems of
the spine to maintain the NZs of the FSUs within
physiological limits so that deformity, neurologi-
cal deficit or disabling pain do not occur [2, 25].

The stabilization system comprises three
closely related subsystems [25] (Fig. 1.5):
* the column or passive subsystem
* the muscle and tendon or active subsystem
 the unit of central nervous control

In the passive subsystem bones, disks and
ligaments have an intrinsic structural role. They
mainly control the EZ near the extreme parts of
normal movement, where the tension of liga-
ments tendons, capsules and disk annulus re-
strain movement [26]. Degeneration or traumatic
lesion of bony and soft components of the spine
tends to expand the ROM and the NZ. This plac-
es a greater demand on the muscles and central
nervous systems (CNS) in order to preserve or
restrict segmental instability [2, 25]. Disks, liga-
ments and tendons also behave as “transducers”
through mechanoreceptors which send a con-
tinuous flow of proprioceptive information about
loads, motions and posture from each FSU to the

CNS which, in turn, replies via an appropriate
and coordinated feedback muscular action [22,
25, 27-29]. The muscles and CNS mainly con-
trol the NZ of the movement of FSUs, where the
intrinsic stiffness and resistance of spinal MS are
low [25, 30].

1.3.1 Passive Subsystem

During everyday activities, the spine can sup-

port vertical loads of 500-1000 N, over twice the

body weight, and, during lifting tasks, up to 5000

N [31] near 50% of final failure load. The passive

subsystem is dependent upon the:

» vertebral architecture and bone mineral den-
sity (BMD);

e disk—vertebral joints;

e facet joints;

e ligaments;

* physiological spinal curves

1.3.1.1 Vertebral Architecture and

the BMD

The load-bearing capacity of the VB is depend-

ent upon its size and shape, the integrity of the

trabecular system, and the BMD. The progres-
sive increase in body size downwards in the spine
is the only physiological solution to increasing
weight loads. The average strength ranges from

2,000 N in the cervical segment up to the 8,000 N

in the lumbar spine [32].

The VB mainly consists of spongy trabecular
bone having a 3D “honeycomb” structure simi-
lar to that of airplane wings that yields the best
strength/weight ratio [3]. In the cancellous bone
of any VB there are four main trabecular systems
having a quite constant orientation [3, 33]:

e A vertical system extending between the end-
plates which accepts and transmits vertical
loads;

* A horizontal system travelling in the posterior
arch and joining the transverse processes;

e Two curved oblique systems (superior and
inferior) that start from the endplates, cross
in the peduncles, and end in the spinous and
joint processes, with function of withstanding
the horizontal shear stresses.
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Fig. 1.6 Vertical compressive loads are first accepted by
the vertical trabecular columns of the vertebral body.
Without the horizontal lamellae which normally favour
the radial dispersion of forces, the columns would bow
under loads with a consequent loss in resiliency of the
vertebral body

Axial loads are initially accepted by vertical
“trabecular struts” that would bow if were not
restrained by the tension of the horizontal lamel-
lae which favour the horizontal dispersion of the
vertical loads and confer resilience to cancellous
bone (Fig. 1.6). The endplates, consisting of a
thin layer of semiporous subchondral bone and
an overlying cartilage layer of similar thickness,
prevent extrusion of the disk into the VB, and dis-
tribute load evenly to the VB [34].

With respect to spongy bone, the very thin
cortical shell (average thickness = 0.4 mm), al-
though highly resistant, has a far lower elasticity
and contributes to the overall loadbearing capac-
ity of the VB for less than 15% [35].

The resistance of spongy bone is also heavily
dependent upon the BMD. The bone loss in oste-
oporosis results in a disproportionate exponential
reduction of resistance: a bone loss of 25% leads
to a reduction of resistance of about 50% [36].
The mechanical resistance of a column decreas-
es by the square of increasing length and by the
square of decreasing cross section.

During the early stages of osteoporosis, the
resorption of cross-linking trabeculae causes pro-
gressive elongation of the vertical columns, with
a reduction in the buckling strength. The thinning
of the columns themselves in more advanced

stages leads to a summation of the two processes.

A strong and continuous correlation between
spinal BMD and fracture risk has been estab-
lished even though a defined threshold value for
the BMD under which the vertebral failure oc-
curs has not been established [36]. A vertebra can
fatigue after repetitive loading [37]. Vertebral fa-
tigue begins as focal osseous micro-damage that
extends until the final failure. The bone resorp-
tion observed in osteoporosis is heterogeneous
and mainly involves the anterior half of the VBs
[38, 39].

In the elderly, because of degenerative disk
collapse, forces are no longer evenly distrib-
uted on the endplates. Hence, much more load
is assumed by the posterior facets when standing
erect. This relative stress-shielding effect of the
anterior bodies predispose to the local loss and
weakening of bone. This is because, according to
Wollff’s law, bones adapt their mass and architec-
ture in response to the magnitude and direction of
forces habitually applied to them [40—42]. If the
relative offloading standing posture is followed
by spinal flexion, a very high increase in stresses
(£300%) occurs on the weakened anterior bod-
ies [42]. The very high loading disparity could
predispose to collapse of the anterior bodies. This
explains why this region is frequently the site of
osteoporotic fracture, and how forward bend-
ing movements often precipitate injury [42]. VB
fractures modify the mechanical properties of the
injured vertebra as well as the adjacent disks and
vertebrae.

1.3.1.2 Disk-vertebral Joints
The disk allows complex motion without the
mechanical limitations of the opposing articular
surfaces of diarthrodial joints [34].0wing to its
peculiar structure, the disk has the tension-resist-
ing properties of a ligament and the compression-
resisting properties typical of joint cartilage. The
disk behaves as a ligament, allowing and control-
ling the complex 3D movements of the spine:
vertical compression and distraction, flexion—ex-
tension, lateral bending, and axial rotation.

The outermost fibers of the annulus are the
first controller of the abnormal micro-movements
of a normal MS. Experimental diskectomies have
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been shown to cause a significant increase in
movements (especially flexion—extension) [43].
With the nucleus behaving like a pressured cyl-
inder, the disk is also the main “shock-absorber”
of mechanical stresses transmitted during motion
to the skull and brain. [44]. The nucleus pulposus
mainly works in the NZ, bearing low axial loads,
whereas the stiffer annulus fibrosus accepts a
larger proportion of the highest loads [45].

If the disk is exposed to eccentric loads, the
nucleus tends to move toward the region of low-
er pressure, where the annulus fibers are placed
under tension. The biomechanical behavior of a
normal, young nucleus is homogeneous and iso-
tropic, equal in all its parts and in all directions.
That is, whatever the spatial position of the spine,
the load is transmitted evenly on the endplates,
thereby avoiding any focal concentration [44,
47]. In contrast, in a degenerated disk, the nucle-
us loses its normal fluid-like properties and loads
asymmetrically, thereby assuming a solid-like
behavior [47]. A study of stress profilometry by
Adams showed reduction and depressurization of
the functional nucleus as well as enlargement of
the functional annulus by up to 80%, along with
a peak of up to 160% of compressive stresses in
the dorsal annulus [48].This irregular distribution
and transmission of loads can cause or contribute
to acute and chronic pain.

Unlike the nucleus, the fundamental biome-
chanical property of the annulus is high anisot-
ropy in tension, with a tensile modulus increasing
up to 1,000-fold along the alignment of the col-
lagen fibers [46, 49]. In each lamella of the annu-
lus, collagen fibers are aligned strictly with a 30°
inclination with respect to the endplate surface.
The inclination of the fibers alternates in adjacent
lamellae, forming an angle of 120°.

If a normal disk is loaded, the pressurized nu-
cleus transmits loads in all directions, putting the
annulus fibers in uniform tension. Bending move-
ments induce maximum tensile and compressive
loads on the opposing sides of the outermost an-
nulus layers, along with annulus bulging on the
compression side and stretching on the tensile
side. During axial rotation, the disk experiences
twisting shear stresses with only half of the annu-
lus fibers engaged (those being parallel to the di-

rection of rotation) until delamination eventually
occurs. With degenerative depressurization of the
nucleus, the annulus fibers are no longer pushed
outwards but are instead loaded in compression
[48]. The changes in the tensile properties of the
annulus that occur with aging and degeneration
of the disk are relatively small compared with
the morphological changes [34]. Under very high
compressive loads, the endplate usually fails first
than the disk [50, 51].

The water content and thickness of the disk
change continuously during normal daily activi-
ties under the opposite influences of hydrostatic
and osmotic pressures [52].

Under compressive loads, the high hydro-
static pressure leads to a gradual release of water
out of the disk, whose thickness fades until it is
counterbalanced by the osmotic pressure exerted
by proteoglycans, whose concentration increases
progressively [52]. In the recumbent position, the
re-prevailing osmotic pressure again recalls wa-
ter and nutrients back into the disk [53]. In the
degenerating disk, the reduced hydrostatic pres-
sure of the nucleus displaces compressive loads
on the internal annulus. The internal annulus
folds inward and undergoes shearing stresses,
predisposing fissures and delamination that can
lead to structural fatigue and impaired cellu-
lar responses [54]. The fracture of the endplate
and the Schmorl herniation drastically reduce
the disk pressure, thereby accelerating the de-
generation and destruction of the annulus [55].

1.3.1.3 Facet Joints
Facet joints fulfil two basic functions: control of
the direction and amplitude of movement; and
load sharing. Facet joints resist horizontal forces
acting on the spine, and protect the lumbar disks
from excessive shear and torsion [56].
According to the three-column model pro-
posed by Louis, the weight of the head and trunk
is transmitted first on two columns placed on the
same frontal plane (the atlanto-occipital lateral
joints) then, from C2 to L5, on three columns ar-
ranged like a triangle with an anterior vertex [3].
The anterior column comprises the bodies and
disks, the two posterior columns the facet joints.
Normally, between the three columns there ex-
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ists a balanced and modular action for which the
posterior facets, according to the posture, ac-
cept from 0% up to 33% of the load. However,
in the case of hyperlordosis, high and prolonged
weight-loading, and disk degeneration, the per-
centage can increase to 70% [57]. As for the VBs,
the increasing size of the facets downwards com-
pensates for the increasing functional demand.

The symmetry of the facet joints is an essen-
tial requirement for correct functioning. Each
significant asymmetry predisposes to instabil-
ity and to premature degeneration of the facet
joints and disks [58]. Longstanding remodelling
and destabilization of the facet joints, along with
degenerative changes of the posterior ligaments,
lead to degenerative spondylolisthesis, with the
sagittal orientation of the facet joints acting as
a predisposing factor [59, 60]. Patients showing
narrow inferior articular processes and facet joint
spaces visible on anteroposterior (AP) radio-
graphs or with narrow facet-joint angles on axial
views on magnetic resonance imaging (MRI) and
computed tomography (CT) are likely to develop
degenerative spondylolisthesis [61].

Facet-joint angles >45° relative to the coronal
plane have been found to have a 25-times greater
likelihood of developing degenerative slippage
[62]. An estimated 15% to 40% of chronic cases
of low back pain (LBP) are caused by lumbar
facet joints, primarily because of mechanical
stresses and deformation of the joint capsule with
activation of nociceptors [30].

Pain induced from overpressure originating
in the facet joints and/or posterior annulus of the
lumbar spine may be relieved by spacing of the
interspinous processes [63]. The function of in-
terspinous spacers is to provide a posterior shift
of the instantaneous rotation axis (IAR) of MS
towards the region of increased stiffness (behind
the facet joints), thereby reducing the compres-
sive loads on the facet joints during a standing
posture and extension movements.

1.3.1.4 Ligaments

Ligaments act as passive stabilizers of the spine.
The stabilizing action of a ligament is dependent
not only upon its intrinsic strength, but also on
the length of the lever arm through which it acts,

Fig. 1.7 Schematic diagram showing the distance between
ligaments insertions and vertebral IAR forming the lever
arm through which the ligament acts. The interspinous
(ISL) and supraspinous (SSL) ligaments are located far
apart from the IAR and work with a long lever arm. They
oppose the spinal flexion more than the flaval (FL) and
capsular ligaments (CL) having a shorter lever arm. The
posterior longitudinal ligament (PLL), being very close
to the spinal IAR and intrinsically less resistant, is twice
mechanically disadvantaged. ALL anterior longitudinal
ligament

corresponding to distance between the bony in-
sertion, point of application of force, and the IAR
of the VB, the fulcrum around which the vertebra
rotates without moving at any given moment dur-
ing a movement [64] (Fig.1.7).

A very strong ligament with a short lever arm
may contribute to stability less than a weaker
ligament working with a longer lever arm that
gives it a mechanical advantage. The interspinous
ligament (ISL) and supraspinous ligament (SSL)
are located far from the IAR and work with a
long lever arm. They oppose the spinal flexion
more than the flava ligaments (FL), which have
a shorter lever arm [65] (Fig. 1.7). The posterior
longitudinal ligament (PLL), being very close to
the spinal IAR and intrinsically less resistant, is
two times mechanically disadvantaged.

An important principle in evaluating the sta-
bility of the CCJ is that many ligaments (and
bony restraints) control and stabilise the CO-C1
and C1-C2 compartments simultaneously. For
example, in the CO-Cl1 joint, the work of the in-
trinsic ligaments such as the capsules as well as
the anterior and posterior atlanto-occiptal mem-
branes is flanked by “extrinsic” ligaments con-
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necting the occiput and C2, such as the tectorial
membrane, the alar ligament and apical ligament
[66]. In the CCJ, the alar and transverse liga-
ments provide much of the stability of the healthy
spine. The transverse ligament (the most impor-
tant component of the cruciate ligament) avoids
anterior displacement of the atlas during axial ro-
tation, thereby guaranteeing free pivoting of the
dens.

By virtue of a special lattice arrangement of
the collagen fibers, the transverse ligament has
been shown in biomechanical tests to have a
failure strength of 170-700 N (corresponding to
about 17-70 kg) [67]. The transverse ligament
avoids anterior displacement of the atlas during
flexion and axial rotation. An increase >3 mm of
the atlantodental space or reduction <13 mm in
the distance between the posterior surface of the
dens and anterior cortical surface of the poste-
rior ring of C1 can occur only if there is a failure
in the transverse ligament (with an intact dens),
whose action cannot be supplied by the alar liga-
ments and tectorial membrane [68].

The alar ligaments control rotation at C1-C2.
In the neutral position, the alar ligaments are lax.
The rotation first puts in tension the ligament of
the same side, then the contralateral one (Fig. 1.3).
The failure of the alar ligament (reported to occur
at about 200 N [67]) provokes a mean increase in
the contralateral rotation of approximately 11-30°
which is divided equally between the occipito-
atlantal and atlanto-axial joints [69]. The very
strong ventral ring of C1 as well as the transverse
and alar ligaments guide rotation: an intact dorsal
ring of C1 is not necessary for stability.

1.3.1.5 Spinal Curvature

Sagittal curvature represents the evolutionary
response to the needs of a standing position and
biped walking with little expenditure of energy
[70]. Dorsal kyphosis is the only congenital sag-
ittal spinal curvature. Cervical and lumbar lor-
doses develop with head rising and standing and
walking, respectively.

In health and disease, sagittal spine curvature
is regulated by pelvic geometry: pelvic incidence,
(PID), sacral slope (SS) and pelvic tilt (PT) [70,
71]. The PI is a fixed morphological parameter

which remains unchanged for each subject after
birth: any change in sagittal balance is obtained
through adaptation of other positional parameters
[71]. In health and disease, to ensure that the trunk
is centred over the femoral heads, an increased
SS leads to increased lumbar lordosis and dorsal
kyphosis. After lumbar or thoracolumbar wedge
fractures, local kyphosis can be compensated by
hyperlordosis of the caudal MS and, if necessary,
hypokyphosis of the cephalad segment, but al-
ways within the limits dictated by pelvic geom-
etry [72]. Sagittal spinal curvatures contribute to
spinal stability, increasing <17 times the resist-
ance to vertical loads by directing deformations
into pre-ordered directions which can be quickly
controlled by the fast intervention of muscle con-
traction [3]. Physiological curvatures can also
influence the spinal response to traumatic forces.

In the thoracic spine, owing to kyphosis, the
vertebrae are subjected to eccentric loads which
concentrate the stresses on the anterior part of
the bodies, predisposing to wedge compression
fractures [73]. In the lordotic segments, vertical
vector forces running near or through the ver-
tebral IARs are more evenly distributed on the
endplates. According to the Newton’s third law,
equal and opposite forces act on the endplates,
thereby predisposing to central or burst fractures
[73].

1.3.2 Active Subsystem and
Central Nervous Control

The active subsystem comprises muscles and ten-
dons which, under control of the nervous system,
ensure stability primarily in the NZ (where the
resistance to movement is minimal).

Muscle actions are needed to stabilize the
spine during standing, lifting and bending.
Without muscles, the spine would be highly
unstable even under very light loads [25, 30].
Muscles can be divided into superficial (rec-
tus abdominis, sternocleidomastoid) and deep
(psoas) flexors as well as superficial (long) and
deep (short) extensors. The function of the super-
ficial, multisegmental muscles differs from that
of the deep unisegmental muscles [74].



R.1zzo and M. Muto

The short muscles (intertrasversous, inter-
spinous, multifidus) are small and located very
close to vertebral rotation axes. They act chiefly
as “force transducers”, sending feedback re-
sponses to the CNS about the movement, load and
position of the spine [75]. The long superficial
muscles are primarily responsible for the genesis
of movements. The complexity of the posterior
musculature excludes any voluntary control upon
single units. The CNS receives extensive inputs
from all bones, joints (passive subsystem), mus-
cles and tendons (active subsystem) to regulate
and coordinate muscular posture and movement
[25, 76]. At the CCIJ, the coordinated action of
muscles and joints under CNS control probably
reaches maximal complexity and sophistication.

In order to obtain a stereoscopic vision and
the fusion of the images coming from both halves
of the visual scene the light pulses have to be di-
rected on both the maculae [5].

This occur thanks to the coordinated action of
the orbital and neck muscles.

The complex coordination between ocular and
neck muscles is realized thanks to the fasciculus
longitudinalis medialis (FLM), an associative fib-
ers tract that connect the vestibular, oculomotor
and XI nerve motor nuclei, and the CCJ which
consents simultaneous and independent move-
ments about the three axes of space [5]. If acute
or chronic damage occurs to a spinal component
and in the mechanoreceptors it contains, abnor-
mal transducer signals are generated and sent to
the CNS, causing altered motor responses with
impaired temporal and spatial coordination [77].
The altered muscle response, in turn, increases
the mechanical stress of spinal bones and joints,
and also creates an abnormal feedback response
which reaches the CNS. It sets a vicious cycle that
leads to the development of inflammation, muscle
fatigue, and the stimulation of nociceptors with
the onset and maintenance of pain [77] (Fig. 1.8).

Subjects with chronic LBP show impaired
neuromuscular control with delayed muscle re-
sponses and offset in carrying out voluntary
movements as well as a reduced postural control
compared with asymptomatic subjects [77-80].
While the transverse abdominis and multifidus
muscles stabilize the spine before initiating a

DAMAGED f
MECHANORECEPTORS |

STRESS
OF
TENDONS

ALTERED MUSCLE MUSCLES
RESPONSE JOINTS
| ]

Fig. 1.8 In case damage to ligaments, discs, joint capsules
and to mechanoreceptors they contain abnormal transduc-
er signals are generated and sent to the CNS. This causes
an altered motor response which, in turn, increases the
mechanical stress of bony and joint spinal components
and elicits an abnormal feedback response by the FSUs
and the muscles themselves. A vicious cycle is so crated
that leads with time to the development of inflammation,
muscle fatigue, activation of nociceptors. Modified from
[77], reproduced with permission

movement or accepting a load, in patients suf-
fering from chronic spinal pain such contractions
are delayed [78, 81].

Scheilp suggested that the thoracolumbar
fascia (rich of Ruffini and Vater—Pacini corpus-
cles in all of its three layers), if damaged, could
be implicated in the genesis of chronic pain
through abnormal stimulation of the CNS [82].
Rehabilitation programs that improve neuromus-
cular control may also improve functional dis-
ability [78].

1.4 Spinal Pain

Spinal pain ,and especially low back pain (LBP),
with or without radiculopathy, is extremely com-
mon and represents a major cause of disability
[83]. The lifetime prevalence of LBP and neck
pain in adults is 91% and 66.7%, respectively
[84, 85]. In the US, LBP is the leading cause of
disability for people aged <45 years and is the
second leading cause of disability worldwide
[86]. An estimated 1% of the world population
are disabled by back pain [84]. The incidence
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Table 1.1 Findings that
should raise suspicions
for more serious causes of
low back pain and which
should be investigated
further

* History of trauma

* History of cancer

* Unexplained weight loss

* Incontinence or retention in the bowel or bladder

* History of intravenous drug use

* Systemic illness or infection

* Low back pain with fever

* Constant progressive pain at night

* Prolonged systemic use of corticosteroids

» Advanced age

¢ Saddle anesthesia

of LBP is increasing with respect to population
growth. This trend represents a major economic
burden upon healthcare and welfare systems in
western countries. For example, in the USA, it
accounts for approximately 70-90% of the total
compensation expenditure for workers [87].

LBP can be classified as “acute” (lasting <4
weeks), “subacute” (5-12 weeks) and “chronic”
(>12 weeks). This distinction has important prog-
nostic implications because, whereas acute forms
are considered benign and resolve spontaneously
in most cases, chronic pain resolves in <5-10%
of cases [88, 89]. Nevertheless, recently the long-
held notion that acute non-specific back pain is
usually benign, transient and self-limiting [90]
has been reconsidered. A 1-year recurrence rate
for acute LBP of 20-44% and a lifetime recur-
rence of <72% has been reported [91]. For these
reasons, the study of the etiopathogenesis of spi-
nal pain has become very important, deserving
special attention to the interaction between the
biomechanics and biochemistry of disk degen-
eration as well as its influence on the other spinal
components.

Up to 80% of patients complaining of LBP in
the primary care setting present with non-specific
LBP [88]. A comprehensive history and physical
examination must exclude the small percentage
of patients with serious underlying conditions
that require further investigation. Findings that
should raise suspicion for more serious causes
of LBP and which should prompt the clinician
to investigate further are shown in Table 1.1 [92].
After excluding serious disease, the next main

difficulty is precisely locating the pain source.
The complexity of spinal anatomy and its inner-
vation renders such precise localization very dif-
ficult.

1.4.1 Neuroanatomy of the Spine
Spinal innervations comprise: somatic sensitive
fibers travelling in the spinal nerves; and sympa-
thetic sensitive fibers coming from paravertebral
ganglia and chains [93-97]. The nerve supply of
the dorsal part of anterior spine is mainly depend-
ent upon somatic sensitive fibers travelling in the
sinuvertebral nerve and in a small branch of the
primary ventral ramus of the spinal nerve.

The recurrent meningeal or sinuvertebral
(Luschka) nerve is formed by union of the gray
ramus communicans with a small branch coming
from the anterior ramus of the spinal nerve [94,
98, 99] (Fig. 1.9). It immediately re-enters the
neural foramen by passing just below the pedicle,
runs along the middle of the posterior VB, and
finally sends ascending and descending branches
in the spinal canal, which anastomose to form a
plexus on the dorsal aspect of the posterior lon-
gitudinal ligament [94]. The sinuvertebral nerve
is a mixed polysegmentary nerve supplying the:
external posterolateral annulus; PLL; ventral me-
ninges; anterior epidural vessels; posterior VB
and periosteum [96].

Sympathetic trunks and ganglia directly in-
nervate the: anterior longitudinal ligament (ALL);
anterior periosteum and VB; perivertebral mus-
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Fig. 1.9 The recurrent meningeal or sinuvertebral (Lusch-
ka) nerve is formed by the union of the gray ramus com-
municans with a little branch coming from the anterior ra-
mus of the spinal nerve. It enters the foramen and divides
in anastomizing ascending and descending branches.
SN spinal nerve, LN Luschka nerve, DPR dorsal prima-
ry ramus, VPR ventral primary ramus, GRC gray ramus
communicans

cle-fascias; most peripheral laminae of the an-
terolateral disk [93, 98]. From these structures,
the fibers passing through the white ramus com-
municans can directly reach the ventral branch of
the spinal nerve and dorsal ganglion (where the
cell bodies lie) or enter the sinuvertebral nerve
through the gray rami communicantes, distribut-
ing in this way directly or indirectly to the whole
anterior spine [93, 98, 100].

The autonomic fibers form a nerve plexus
along the surface of ALL (paravertebral auto-
nomic neural plexus) containing nociceptive fib-
ers. However, the role of the anterolateral bodies
and disks as sources of LBP remains controver-
sial [93, 98, 100]. Via the somatosensory fibers
reaching directly the spinal cord in a regular way
and at every level, any injury in the anterior spine
can provoke a well-circumscribed and localized
somatic pain [101]. While the somatic fibers ac-
count for the well-localized pain, the autonomic
afferents are considered responsible for the re-
ferred pain [101].

Either radicular and referred pain are “false
mental representations of sensory events’being
experienced at sites other than the real source.

While radicular pain is well-discriminated and
distributes in a quite constant cutaneous der-
matome, referred pain is diffuse, deep, not well
discriminated, and perceived in the somatome
area [101, 102]. A somatome area includes all tis-
sues originating embryologically from the same
somite, sharing common neural circuitry and
common pathway of referral.

Several anatomic factors contribute to the
“loose” localization of referred sympathetic
sensory inputs: absence of an anatomic midline
between sympathetic chains; irregular vertical
segmentation of the autonomic plexus; and the
ascending diversion of impulses [103]. Because
of the absence of white communicantes rami be-
low the L2 level, any sympathetic afferent from
the L3-S1 level must ascend in the sympathetic
chain at least up to the L2 level before reaching
the CNS [103]. In this way, sympathetic pain im-
pulses from the lumbosacral region are referred
to somatomes corresponding to level of L2 or
above, and the areas of referred pain from all
lumbar levels concentrate and superimpose with-
in the superficial somatomes of the upper lumbar
nerves [101, 104].

Referred pain can also involve visceral tissues
because of the convergence of visceral and so-
matic sensory afferents on the same fiber tracts of
the CNS, and/or the presence of viscerosomatic
neurons with bifurcating sympathetic axons dis-
tributing in visceral and somatic tissues [105—
107]. In both cases of impulse convergence, the
CNS may not be able to discriminate the real ori-
gin of a painful signal.

Apart from the perception of painful stimuli,
the autonomic nervous system can also medi-
ate automatic reflexes and subconscious func-
tions which also may be spatially misregistered.
Referred centrifugal autonomic dysfunctions can
include vasomotor, pilomotor, and sudomotor
activities or muscle spasms [108]. In the cervi-
cal spine, intrathecal anastomoses between nerve
rootlets contribute to the variability of the pat-
terns of referred pain. In the dorsal spine, referred
pain is much more common than radicular pain.
Thoracic disk herniations rarely cause radicular
pain. Many cases of actual referred pain are mis-
diagnosed as radicular pain [109].
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1.4.2 Pathophysiology of Spinal Pain

Pain is a complex perception influenced by pre-
vious experience and by the context in which
the noxious stimulus occurs [110]. Any injury
involving the disks, ligaments and bones of the
spine elicits pain through tissue inflammation
and production of a cascade of mediators such
as prostaglandins (PGs), bradykinin, serotonin,
histamine, excitatory amino acids, nitric oxide
(NO), nerve growth factor (NGF) and hydrogen
ions, all of which directly activate afferents and/
or sensitize nociceptors [111, 112]. Peripheral
nociceptors can be specific (thermal, mechanical,
chemical) or polymodal, also referred to as “wide
dynamic range neurons” (WDRNs) because they
can respond to all stimuli.

Fibers transmitting painful stimuli include
C-type, unmyelinated (responsible of long-
lasting pain), A-delta, myelinated (accounting
for fast, sharp pain) and A-gamma, the small-
est myelinated fibers. A-beta fibers are normally
proprioceptive, but can eventually undergo phe-
notypic changes and produce nociceptive neuro-
transmitters.

Acute pain is of recent origin, is related to a
specific injury or disease, does not last long and
provokes limited and temporary disability [113].
In acute pain, the signals reaching the dorsal
horns of the spinal cord have the same intensity
as those travelling in neo—paleo—spinothalamic
tracts and a descending countersignal coming
from supraspinal centers fades and eventually
extinguishes arriving painful inputs (eudynia)
[113, 114].

1.4.2.1 Central Pain Sensitization
The setting in of complex processes of peripheral
and central sensitization may influence the evolu-
tion of acute pain and its conversion to chronic
pain, i.e., the transformation of a symptom into
a disease.

Hypersensitivity or sensitization consists in
a decrease in the threshold of neuron activation,
increased response to over-threshold stimuli and
even spontaneous neuronal activity [110]. While
acute pain extinguishes along with the underly-
ing cause, chronic pain is much more difficult

to treat. In the case of persistent or chronic pain,
altered electrophysiological and biochemical re-
sponses mount, having little chance of respond-
ing to conventional therapies or fading spontane-
ously [113].

The continuous stimulation from peripheral
nociceptors can lead the spinal cord to reach a
“hyper-excitable” state with a “wind-up” re-
sponse which expands receptive field areas
through the properties of the WDRNS: neurons
that do not normally transmit pain begin to do so
[115, 116]. Simultaneously, others neurons fire
with increased frequency and even spontaneously
[113], resulting in hyperalgesia and allodynia.

The wind-up response has a biochemical ba-
sis involving the action of neurotransmitters. The
unrelenting stimulation of the neurons in the dor-
sal horn promotes excessive release of substance
P (SP) and glutamate from the presynaptic nerve
endings of the peripheral primary-order neurons.
The long-term depolarization of postsynaptic
membranes of nociceptive-specific and WDRNs
removes the block normally exerted by magne-
sium ions upon N-methyl-D-aspartate (NMDA)
receptors [117].

The binding of glutamate to NMDA recep-
tors and the hyper-activation of the receptors pro-
motes cellular influx of calcium which, in turn,
activates nitric oxide synthase (NOS), which then
produces NO. NO diffuses across synapses and
stimulates the presynaptic release of increasing
amounts of SP and glutamate, creating and per-
petuating a vicious cycle [117]. Simultaneously,
activation of NMDA receptors induces the pro-
duction and membrane placement of new re-
ceptors. Intracellular calcium also promotes the
breakdown of prostanoids to arachidonic acid,
resulting in CNS inflammation [118]. Just as in
acute pain, the brain sends descending signals
that modulate afferents but they are rendered in-
effective by the wind-up response and by closed
and reverberating neuronal circuits. Gamma-
aminobutyric acid (GABA), the second most
ubiquitous neurotransmitter in the CNS acting in
health as a “brake” upon the CNS [113], loses its
efficacy in front of excessive release of glutamate
in central and peripheral nervous systems (PNS).

In health, several cerebral regions are connect-
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ed to neo—paleo—spinothalamic tracts, but many
more circuits and centers are recruited in chronic
pain states. The wind-up response in fact also oc-
curs at supraspinal levels in second-, third- and
fourth-order neurons. Although a constant input is
needed to initiate the wind-up response, very lit-
tle (if any) input is needed to maintain it, creating
a nightmare scenario of positive feedback with
minimal (or absent) peripheral stimuli [113].

Neuroplastic mutations occur peripherally in
dorsal ganglia and in the CNS, thereby transform-
ing the symptom into a disease: maldynia [119].
The final result is a diffuse, unrelenting stimula-
tion of brain centers leading to a significant sen-
sitive and emotional response. In chronic pain
states along with neuroplasticity and the wind-
up response it may also develop neuroimmune
and neuroinflammatory changes which contrib-
ute to the maintenance and amplification of pain
[120]. In response to injury, glial cells and neu-
rons are activated and produce pro-inflammatory
cytokines (e.g., interleukin (IL)-1, IL-6, tumor
necrosis factor (TNF)-a), which in turn increase
the activation of the neurons themselves [121,
122]. Cytokines also promote the migration and
infiltration of leukocytes from the periphery into
the CNS, with further induction of pain media-
tors (glutamate, NO, PGs) [123]. In light of this
possible evolution, it is very important to treat
the symptom and its causes, start the therapy as
soon as possible and, if the pain does not resolve,
employ more aggressive treatment to prevent the
pain from becoming chronic [113].

Interestingly, at the cerebral level, very simi-
lar biochemical reactions and events also occur in
chronic affective disorders, depression, anxiety,
panic and post-traumatic stress [124]. The influ-
ence of the CNS on chronic spinal pain has led
several authors to reclassify it as a bio—psycho—
social syndrome. It can now be seen as the final
stage of a complex process that starts acutely due
to an anatomical or biological event and then is
transformed by psychosocial risk factors into a
chronic illness [125, 126].

Psychosocial and economic problems (e.g.,
unemployment) as well as a history of back pain
and unsuccessful treatments contribute to pre-
dict which patients will develop chronic pain

[126—128]. Knowledge of the central influences
on pain is fundamental to prevent conversion of
acute spinal pain into chronic disease. While our
efforts are focused upon the PNS, the success or
failure of therapies are dependent upon how we
treat the problem also at the central level [113].

1.4.3 Diskogenic Pain

The estimated prevalence of non-specific chronic
LBP in adults varies from 15% to 80% [88, 129].
Only in a limited number of cases is the lumbar
pain due to disk herniation. A major cause of non-
specific lumbar pain is considered the disk dis-
ruption (with or without endplate degeneration),
being responsible for diskogenic pain [130].

The type of disk lesion acting as the pain
generator remains undefined and debated: disk
degeneration, annular tears or endplate changes
[131-133]. Moreover, clinically diskogenic pain
tends to have a somatotropic rather than a derma-
tomal distribution pattern, which renders precise
localization of the painful level difficult [96].

Within healthy disks, free nerve endings are
present only in the outermost few millimeters or
2-3 external lamellae of the annulus, where ten-
sile stresses overcome compressive loads. Nerve
endings and capillaries coud not withstand high
hydrostatic pressures within the inner annulus
and the nucleus of healthy disks, but they can
grow in the degenerated disks favored from the
depressurization of the nucleus pulposus [87,
134, 135].

In extremely degenerated disks, nervous fib-
ers expressing SP and having nociceptive end-
ings (independent of vessels) can penetrate the
nucleus [134, 135]. Freemont et al. analyzed
specimens of degenerated lumbar disks deemed
to be painful at provocative diskography and nor-
mal control disks using immunohistochemical
methods. They found nociceptive endings ex-
pressing SP only in the nucleus pulposus of disks
that were painful, suggesting their important role
in the pathogenesis of chronic lumbar pain [134].
On the other hand, healthy nociceptors of the ex-
ternal annulus may be stimulated to undergo ab-
normal compression, stretching and movements
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secondary to instability or if peripheral tears ex-
pose them to effects of chemical mediators com-
ing from the nucleus.

Distinguishing between the ageing and de-
generation of disks is difficult and quite arbitrary.
According to Adams et al., disk ageing is primar-
ily associated with biochemical modifications
that occur with time in each individual, whereas
disk degeneration involves structural disruption
and functional impairment beyond the limits of
normal aging [136].

With respect to imaging, CT has too-limited
contrast resolution for detecting the early signs
of disk degeneration, being very sensitive only to
detecting a vacuum and calcifications.

MRI consent to evaluate the morphological
and biochemical status of the disk, and can equal
diskography for showing the internal structure of
a disk [137-139].

Pfirrmann et al. distinguished five degrees of
progressive disk degeneration on MRI ranging
from grade 1 (normal homogeneous hyperintense
signal of the nucleus and internal annulus) up to
grade 5 (diffuse hypointense signal and collapsed
disk) [140]. Despite its high sensitivity, MRI has
low specificity and accuracy for the detection of
the cause and origin of pain because (i) abnormal
findings in disks and endplates are often present
in asymptomatic subjects; and (ii) abnormalities
are often multiple and of no useful for identifying
the origins of the symptoms [141, 142].

The clinical relevance of the abnormalities
detected by MRI in subjects complaining of
spinal pain has been questioned by several stud-
ies showing the frequency of similar findings
in asymptomatic individuals. Jensen et al. car-
ried out MRI studies of the lumbar spine in 98
asymptomatic subjects. They noted that 52% of
individuals had a bulge in the disk in at least at
one level, 27% had a disk protrusion, 1% had a
disk extrusion, and only 36% had normal disks
at all levels [143]. Kleinstuck et al. found disks
to be completely normal in only 11% of asymp-
tomatic individuals [144]. Boden et al. evaluated
67 individuals who had never suffered LBP and
found 20% of patients aged <60 years had a her-
niated nucleus pulposus, and 1 patient with spinal
stenosis. In patients aged >60 years, 37% had a

herniated disk and 21% had spinal stenosis [145].
Moreover, in a follow-up study of asymptomatic
subjects with no history of back pain, abnormal
MRI findings, present in 31% of cases, were not
predictive of future development or duration of
LBP [146]. Imaging studies have only a com-
plementary role to the clinical picture. Clinical
correlation is always required to determine the
significance of abnormal findings observed on
MRI, and therapy cannot rely solely upon imag-
ing abnormalities [146].

Degenerated disks with structural disruption
in the annulus or endplate and a decompressed
nucleus show high stress concentrations in the
annulus (i.e., posterior to the nucleus) [87]. Such
stress concentrations and irregular distribution of
loads can give rise to pain even if the stresses are
not severe enough to cause damage and if imag-
ing studies do not reveal spinal disease to which
symptoms can be attributed [87].

1.4.3.1 Peripheral Pain Sensitization

Mechanical phenomena regarding the disc or the

nerve roots alone cannot adequately explain the

clinics of pain:

* clinical improvement after anti-inflammatory
drugs occur without change in pathologic
state of the disc.

* very degenerated discs are often not painful
Pain perception is also dependent upon the

inflammatory properties of degenerating disks

as well as the biochemical mechanisms of pain
sensitization.

In health, peripheral nociceptors have a high
threshold of activation, and do not respond to
physiological joint motion, pressure, stretching
or muscular contraction. Inflammatory sensitiza-
tion reduces the threshold for activation of diskal
mechanoreceptors so that disk loading within the
physiological range may cause pain. In degen-
erating disks, in response to abnormal loads or
nutritional problems, chondrocytes:

e proliferate;

* replace proteoglycans with abnormal types of
collagen;

¢ upregulate metalloproteinases (MMPs) which
degrade the nucleus and annulus matrix;

e promote macrophage infiltration.



R.1zzo and M. Muto

e macrophages in turn produce multiple in-
flammatory mediators: bradykinin, IL-I, NO,
TNF-a, phospolipase A2 and NGF [147, 148].
Inflammatory mediators can directly acti-

vate nociceptors (bradykinin, serotonin, excita-

tory amino acids), sensitize them by lowering the
thresholds for firing and, by increasing the firing
rates and finally recruiting new receptors, broad-
ening the area of perception (PGs, noradrenaline,

NGEF, serotonin, NO) [149].

Inflammatory sensitization of diskal nocicep-
tors may also arise from nerve fibrils accompa-
nying the ingrowth of granulation tissue into the
annular tears or if radial tears reach the external
annulus and nociceptors normally present within
it. Vascularized granulation tissue and fluid col-
lections within annular tears can be detected on
MRI as high-intensity zones (HIZs). These ap-
pear as hyperintense compared with the nucleus
and are completely included into the fibers of the
annulus [150]. The granulation tissue seems to
be a healing reaction to the annular injury, and
the local inflammation it produces can stimulate
the nociceptors generating pain from the fissures
[151]. Disks that are simply aging will not be
painful because they do not have tears nor granu-
lation tissue along with nerve fibrils [151].

A comparative study between the presence of
HIZs on MRI, diskography and post-diskography
CT revealed high correlation to exact reproduc-
tion of pain with a sensitivity of 82% and speci-
ficity of 89% [150]. Similarly, 87% of HIZ disks
assessed by Schellhas et al. were concordantly
painful at diskography, all containing grade 3-5
annular tears using the modified Dallas disko-
gram scale [152, 153]. Conversely, Ricketson
and Weishaupt did not demonstrate a significant
correlation between HIZs on MRI and positive
provocative diskography [154, 155].

The degeneration and disruption of disks are
very often flanked by endplate changes. Modic
et al. described three stages of endplates and
subchondral bone modifications accompanying
disk degeneration [156]. Several studies have
suggested a role for endplate changes in LBP.
Braithwaite et al. found good correlation be-
tween Modic changes on MRI and diskographic
findings with a specificity of endplate abnor-

Fig. 1.10 50 year-old male with severe chronic LBP.
MR sagittal FSE STIR MRI (TR/TE/TI=300/50/150ms)
showing retrolisthesis of L2 secondary to disc collapse.
Typical extended Modic type-I changes in the endplates
of L2-L3 along with focal hyperintensity in anterior disc
due to aseptic discitis is observed

malities as markers of painful disks of 96.8%,
and a positive predictive value (PPV) of 91.3%
[157]. The clinical relevance of endplate changes
seems to be confirmed by the low prevalence of
Modic changes in asymptomatic subjects: Chung
et al. found just 11 type-I lesions in 590 lumbar
endplates in asymptomatic individuals [158].
Furthermore, the frequency of type-I changes
was shown to increase significantly in the follow-
up of subjects with chronic non-specific lumbar
pain [159]. Modic type-I changes are common in
painful instability and can be converted to more
stable type-II and -III changes after fusion sur-
gery, but can persist or reappear in cases of pseu-
doarthrosis or failed surgery [160] (Fig. 1.10).
Weishaupt et al. described four degrees of Modic



1 Biomechanics of the Spine and Etiopathogenesis of Spinal Pain 17

changes ranging from grade I (normal) to grade
IV (involving >50% of VH height). They stated
that Modic type-I and -II changes of moderate-
to-severe degree (degrees III-IV) were valuable
indicators of symptomatic disk disease with a
PPV of about 100% [161].

Finally, intradiskal nociceptors out from any
inflammatory reaction can also be sensitized
by the activity of sympathetic nerve efferents.
Diskal sensitive endings are very close to sympa-
thetic postganglionic efferent fibers which prob-
ably play neuroregulatory functions. The nerv-
ous arrangement of the disk (similar to that of
enteric structures) suggests that diskal pain may
be a form of visceral pain, which is unique in the
muscoloskeletal system [162, 163].

1.4.4 Radicular Pain

Radicular pain is generally due to disorders of the

nerve root proximal to or at level of the dorsal

root ganglion (DRG) [164]. The pathophysiol-
ogy of radicular pain is incompletely understood.

Radicular pain is caused by disk herniation and

canal stenosis. Two mechanisms are involved in

the genesis of the radicular pain:

* mechanical (i.e., by direct compression of the
nerve or DRG, or indirect compression on
perineural vessels);

e inflammatory (i.e., by autoimmune cellular
responses mounted if the disk is no longer
segregated by the annulus and instead is rec-
ognized as “non-self” by the immune sys-
tem) and biochemical (though the action of
mediators expressed by disk itself, such as
phospholipase-A2, PGE2, IL-6 and MMPs)
[165-167].

In a model of lumbar radiculopathy, a positive
correlation was found between pain behaviour,
levels of messenger ribonucleic acid (mRNA)
to produce cytokines and the magnitude of root
compression [168]. Consistent with these obser-
vations is the graded microglial activation that
occurs in the spinal cord in response to various
degrees of deformation of the lumbar nerve roots
[169]. Inflammatory cells and inflammatory me-
diators are, in general, more abundant in non-

contained herniations than in contained hernia-
tions and in degenerative disks, whereas they are
absent in healthy disks [170, 171].

The detection by imaging of an extruded or
migrated disk herniation with root compression
in a patient suffering from acute radiculopathy
may represent a plausible cause of pain. However,
in front of a prevalence of disc herniations in 20-
28% of asymptomatic subjects, a detected hernia-
tion may not be the real cause of pain neither can
predict its appearance with time [172].

Conversely, a bulging or protruding disk
without root compression can generate pain by
delivering inflammatory mediators upon the
nerve root. For these reasons, as in the case of
non-specific LBP, any excessive confidence on
imaging signs without concordant clinical find-
ings may lead to incorrect or contraindicated
treatments. Also the role of imaging in predicting
outcome is controversial. In general, the larger
the disk herniation, the more it tends to regress.

The site of herniation is also important; in one
study, 56% of the subligamentous, 79% of the
transligamentous, and 100% of the sequestered
herniations decreased in size with time [173].

Granulation tissue, neovascolarization and
macrophage infiltration favour the spontaneous
resorption of the herniated tissue [174, 175] (Fig.
1.11). The reactive neovascularisation and conse-
quent degree of contrast enhancement in MRI or
CT are proportional to the tendency of spontane-
ous resorption [176, 177].

Even though extruded disks show greater im-
provement in patients with acute LBP or sciatica,
the type, size, and location of herniation at pres-
entation as well as the changes in the size and
type of herniation over time at MRI do not cor-
relate with outcome. MRI does not even appear
to be valuable for the prediction of outcome and
for planning conservative care [178]. Moreover,
in the absence of signs and symptoms sugges-
tive of tumors or infection, early imaging does
not elicit findings that would alter the care of
patients with LBP or sciatica [178]. In patients
with radiculopathy, imaging is recommended
only for patients with persistent or worsening
symptoms after 4-6 weeks of conservative care
who are believed to be candidates for surgery or
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Fig. 1.11 35 years-old male complaining of right L5
acute radicular pain. MR FSE fat-sat axial T1 (TR/TE
450/35ms) image after gadolinium administration show-
ing a cranially migrated posterolateral herniation from the
L5-S1 disc encircled by a thick ring of vascularized reac-
tive granulation tissue. This finding is considered predic-
tive of future resorption of the fragment

in whom diagnostic uncertainty remains [178].
Pathophysiological studies have been undertaken
primarily on lumbar disks because of the higher
incidence of lumbar disease. However, it seems
reasonable to conclude that parallels may exist
for cervical radicular pain.

An unknown source of axial pain that has
not been identified definitively by imaging and
clinical evaluation in patients with persistent pain
may require an interventional approach by diag-
nostic and therapeutic procedures such as tran-
foraminal epidural corticosteroids/infiltration of
0,-0, mixtures, provocative diskography, and
post-diskography CT before more definitive sur-
gical stabilization [179, 180].

1.4.5 Facet Syndrome

Mooney and Robertson as well as McCall et al.
elicited axial lumbar pain and referred pain to the
extremities by injecting saline solution in synovial
spaces and into the capsules of the zygapophysial
joints of asymptomatic volunteers [181, 182].
Owing to the rich innervation of capsules,

Fig. 1.12 Axial CT scan showing advanced degenerative
changes of L5-S1 facet joints with marked hypertrophy
and curved osteophytes, geodic cysts, sclerosis along with
and joint spaces narrowing (wrap around bumper osteo-
phytes). Bone sclerosis and joint space collapse are better
demonstrated by CT than MR

synovial membranes and subchondral bone facet
joints are important direct sources of acute and
chronic pain. Degeneration of the facet joints is
also a frequent cause of radicular pain due to the
compression of nerve roots in the lateral recesses
and in the foramina secondary to hypertrophic and
ostephytic remodeling subluxation, joint effusion
with capsular tension, and synovial cysts (Fig.
1.12). The facet joints receive double innervation
(somatic and autonomic) and facet pain can be lo-
cal or distantly referred with significant superim-
position among different levels [183, 184].

Arthrosis and arthritis of the facet joints are as
many frequent as in patients with as those with-
out lumbar pain even though the most evolved
lesions tend to be more often symptomatic. In
studies with controlled diagnostic blocks, the ori-
gin of pain from the facet joints in subjects with
chronic lumbar pain was observed in 15-52% of
subjects [183-185].

The primary dorsal ramus of the spinal nerve
divides into three branches: lateral (supplying
the iliocostalis lumborum muscle and the skin),
intermediate (supplying the longissimus mus-
cle and facet joints) and medial (supplying the
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multifidus muscle, interspinous ligaments and
muscles, the facet joints, supraspinous and flava
ligament). Each medial branch supplies the apo-
physeal joints at its own level and the one below.
In this way, each joint receives a double sensory
afferent.

With respect to imaging, CT is more sensitive
and accurate than MRI for depicting thinning of
the joint space and bone sclerosis [186]. Pathria
et al. and Weishaupt et al. proposed a four-point
scale of progressive osteoarthritis ranging from
0 (normal) up to 3 (marked hypertrophy and/or
osteophyitosis, erosion and subchondral cysts)
[186, 187]. MRI is better than CT for detecting
joint effusion and cysts, synovitis, facet edema,
periapophyseal edema, and tissue reactions. The
optimal depiction of disease of the neural arc in-
volves short TI-inversion recovery (STIR) or T2
fat-suppressed and eventually T1 fat-s with con-
trast administration MRI sequences [188].

1.5  Conclusions

LBP is second only to upper respiratory diseas-
es as the cause of medical consultations in pri-
mary setting care [189]. The complex anatomy
and function of the spine render diagnostic as-
sessment of spinal pain very difficult. The first
difficulty is excluding the small percentage of
subjects having underlying evolving pathologies
such as tumours or infections/inflammatory dis-
eases, which account for about 1% of cases of
LBP [190]. The diagnosis of idiopathic or non-
specific LBP is inferred after a screening pro-
cess excluding a series of alarm signs (Table 1.1)
[191]. Nearly 80% of cases of LBP are idiopathic
or non-specific.

The second step is identification of the exact
source of pain. The complex neuroanatomy of
the spine and the referral of pain to sites distant
from the real location of injury with a somato-
tropic pattern,make precise localization of the
pain level difficult [96].

Only in a limited number of cases is the lum-
bar pain due to disk herniation. A major cause of
non-specific lumbar pain is diskal disruption with
or without endplate degeneration, which leads to

diskogenic pain [185]. Pain reproduction in pro-
vocative diskography is associated primarily with
annular tears or disk disruption, and not with age-
related biochemical changes manifesting on MRI
as a “dark disk.” [131-133].

Irrespective of the origin of acute pain, with
time, the setting in of complex processes of pe-
ripheral and central sensitization may influence
the evolution of acute pain into chronic pain, i.e.,
the transformation of a symptom into a disease.
Even though acute pain starts as a consequence of
an anatomical and physical derangement, under
the influence of the CNS it evolves over time in
persistent pain that features as a bio—psycho—so-
cial problem in which dysfunction and disability
lose any relation to the initial disease [125, 126].

The knowledge of the central influences on
pain is the fundament to prevent the conversion
of acute spinal pain in a chronic disease and to
better control the latter.

While our therapeutic strategies remain fo-
cused upon PNS changes the success or failure of
patient management also depends upon contem-
porary treatment of CNS changes [113].
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Diagnostic Approaches to Spinal Disease
Related to Spinal Intervention

Pia C.Sundgren and Majda M.Thurnher

2.1 Introduction

Radiology has an important role in the work-up
of potentially treatable lesions in the spine. Com-
puted tomography (CT) and magnetic resonance
imaging (MRI) of the spine are the methods of
choice for the detection and differentiation of
vertebral body (VB) lesions and for demonstra-
tion of such degenerative changes in the spine
that can be treated with spinal intervention. A
common part of the post-interventional proce-
dure is a radiological examination. Several in-
terventional procedures can also be undertaken
under fluoroscopic guidance. Here we review the
available radiological and magnetic resonance
tomographic methods and describe the typical
imaging findings in some of the most common
conditions that can be treated with non-surgical
spinal intervention.

2.2 Imaging Methods

2.2.1 Plain Radiographs

Conventional radiographs of the spine have a
very limited role in the work-up of subjects with

Pia C. Sundgren (B<)

Diagnostic Radiology, Skéne University Hospital, BFC,
Blekinkevigen, Lund, Sweden

e-mail: Pia.Sundgren@med.lu.se

M. Muto (ed.), Interventional Neuroradiology of the Spine,

back pain and in those who are potential subjects
for intervention. However, plain radiographs can
be used to evaluate the bony structures of the
spine in combination with CT or MRI before spi-
nal intervention. In addition, some interventional
spine procedures require fluoroscopic guidance
(Fig. 2.1).

222 CT

CT is the examination of choice for assessment
of the bony structures of the spine, whereas as-
sessment of the soft-tissue structures of the spine
is often limited. The choice of imaging param-
eters determines the image quality and the ra-
diation dose. High settings for the voltage and
current, thin collimation, and low pitch result in
the best image quality but also in a high radia-
tion dose to the patient. In recent years, there has
been a growing focus on the significant increase
in radiation exposure to patients and populations
due to the increase in the use of CT worldwide.
In the light of these concerns, CT manufacturers
have made improvements to CT scanners and
developed dose-modulation methods and new
reconstruction techniques that decrease the radia-
tion dose to the patient without sacrificing image
quality. Rapidly increasing numbers of “low-
dose protocols” are being developed and used
not only in CT spinal imaging but in all fields
of radiology to reduce the overall radiation ex-
posure to patients. Overall, the image quality and
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Fig. 2.1 Flouroscopic slightly oblique anteroposterior view (a) and lateral view (b) of the lumbar spine demonstrating
the needle in the right L4-L5 facet joint (images courtesy of Dr R Siemund, Skéne University Hospital, Lund Univer-

sity, Lund, Sweden)

diagnostic performance are dependent upon the
choice of imaging parameters and also on post-
processing such as reconstruction algorithms and
reformatting parameters. For patients who might
be subject to intervention, the imaging protocol
might vary slightly depending on the type of CT
scanner available. In general, thin slices with re-
construction in soft tissue and bone algorithms
should be conducted followed by three-dimen-
sional (3D) reformatting in sagittal, coronal,
and axial planes [1]. Additional post-processing
methods such as volume rendering can be done
if necessary. In selected cases, the use of contrast
medium can be helpful, especially for the evalua-
tion of paravertebral soft tissue and of the content
in the spinal canal (e.g., for differentiating scar
tissue from recurrent disk herniation).

2.2.3 Myelography and Myelo-CT

Myelography used to be the only diagnostic
method that provided information about soft-
tissue structures in the spinal canal. Di Chiro
and Schellinger [2] published the first report on

myelo-CT in 1976, and it soon became a standard
procedure. With the introduction of MRI, the
need for myelography decreased. However, my-
elography remains a valuable method for assess-
ing nerve-root compression in the lateral recess
and neural foramina [3]; for assessing stenosis in
the spinal canal; and allows for dynamic imaging
sequences (including positional changes of the
patient) and thereby provides valuable diagnos-
tic information beyond the limits of conventional
MRI. Myelo-CT is useful for evaluation of the
postoperative spine, with fewer artifacts related
to surgical hardware than MRI. Furthermore,
myelography or myelo-CT is the only method
to evaluate patients in which MRI is not possi-
ble for safety reasons (e.g., pacemaker, metallic
objects) (Fig. 2.2), if there is a risk of imaging
degradation due to metallic implants (Figs 2.3
and 2.4), claustrophobic patients, or those with
kyphoscoliosis. A recent study also showed that
myelography combined with myelo-CT is more
reliable and reproducible than MRI when decid-
ing the level upon which decompressive lumbar
surgery should be carried out [4]. Other studies
have shown that MRI tends to underestimate the
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Fig. 2.2 Myelo-CT of the lumbar spine
undertaken in a 56-year-old male who could not
undergo MRI due to a pacemaker. Sagittal (a),
coronal (b) and axial (¢) images demonstrate

a moderate spondylosthesis at the L5-S1 level
(a) and impression in the anterior aspect of the
thecal sac (a and b) due to a right paracentral
broard-based disk herniation impinging on the
right L4 nerve root (c)

Fig. 2.3 Myelography of the lumbar spine with coronal (a) and lateral (b) views
in a 54-year-old male with postoperative hardware in the lower lumbar spine.

A good view is obtained of the lumbar spine nerve roots on the coronal view (a)
and the needle in place at the level of the L2-L3 intervertebral disk space, as well
as bulging disks at the L2-L3 and L3-14 levels, resulting in mild impingement of
the thecal sac
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width of the spinal canal and the foramina, there-
by making spinal stenosis appear more severe on
MRI than seen on myelography and myelo-CT
[5, 6].

2.2.4 Magnetic Resonance
Tomography (MRT)

Currently, MRI is the method of choice for evalu-
ation of the spine and the content of the spinal
canal. It is used to examine intervertebral disks,
ligaments, the spinal cord and paravertebral soft
tissue. Standard morphological MRI sequences
for the evaluation of the spine include sagittal
and axial T1- and T2-weighted images, and sagit-
tal short TI inversion recovery (STIR) sequences
(which are less specific but even more sensitive
to signal abnormalities in VBs than T2-weighted
images). T1-weighted sagittal and axial images
after contrast administration are needed if spinal
tumors or infectious, demyelinating or inflamma-
tory disease are present, and in postoperative pa-
tients (especially if trying to distinguish between
recurrent disk herniation and scar tissue).

Fig. 2.4 Myelo-CT of the lumbar spine with
coronal (a) and sagittal (b) views in the

patient described in Fig. 2.3 demonstrate that,
despite metal artifacts from the hardware,

good assessment of the lumbar nerve roots (a)
is possible. Sagittal image (b) demonstrates

a degenerated bulging disk with vacuum
phenomena and mild impingement of the thecal
sac at the level of the L2-L3 intervertebral disk
space and a bulging disk at the L3-L4 level

New imaging methods such as diffusion-
weighted imaging and perfusion-weighted imag-
ing have been suggested to be helpful for the dif-
ferentiation between benign and pathological VB
compression fractures [7—10]. Other MRI imag-
ing methods such as magnetic resonance angiog-
raphy (MRA) of the spine have been shown to be
helpful for assessment of the spinal vasculature
and vascular malformations, and particularly as
guides for further endovascular assessment and
follow-up [11]. The reliability of MRI findings
on the lumbar spine varies. In a recent study of
111 lumbar MRI examinations, good inter-ob-
server agreement for rating disk degeneration,
and moderate agreement for rating spondylolis-
thesis, “Modic changes”, facet arthropathy, and
posterior annular hyperintense zone were shown
[12]. The same study demonstrated good intra-
observer agreement for rating disk degeneration,
spondylolisthesis, Modic changes, facet arthrop-
athy and the posterior annular hyperintense zone
but only moderate intra-observer agreement for
rating the extent of Modic changes [12]. Other
studies demonstrated good intra-observer agree-
ment for the assessment of spinal stenosis but
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only moderate agreement for assessing foraminal
stenosis and nerve-root impingement [13]. The
same research team also looked at the reliabil-
ity for assessing disk herniation on lumbar MRI
in 60 patients. They found substantial agreement
with respect to disk morphology, moderate agree-
ment for compression of the thecal sac, and mod-
erate agreement for grading nerve-root impinge-
ment [14]. They also concluded that quantitative
measurements of the spinal canal and thecal-sac
area showed good reliability, whereas measure-
ment of disk-fragment area showed more modest
reliability [14].

2.3 Degenerative Disk Disease

(DDD) and Disk Herniation

Plain radiographs, CT, and MRI of the spine can
demonstrate: reduced height of the intervertebral
space; osteophytes; sclerosis; Schmorl’s nodes;
alterations in endplate shape; as well as calci-
fications and narrowing of the spinal canal and
the neural foramina. However, MRI is the best
method for the evaluation of DDD because it
provides the primary diagnosis as well as grading
disk degeneration. Routine morphological sagit-
tal and axial T1-weighted and T2-weighted MRI
of the spine as well as post-contrast enhanced T1-
weighted MRI are the “gold standard” for evalu-
ation of degenerated disks and disk herniation if
the patient has previously undergone surgery for
disk herniation. However, studies have shown
that MRI has limitations for detection of the early
signs of degeneration [15]. Recent studies sug-
gest that axial T2* mapping is effective for de-
tecting the early stages of DDD and has potential
diagnostic benefits [16].

Several grading systems used for the classi-
fication of DDD focus on the loss of signal in-
tensity on sagittal T2-weighted images [17]. A
classification scheme for disk degeneration based
on the signal intensity of the disk, differentiation
of the annulus and nucleus, and the height of the
disk space that demonstrated sufficient intra- and
inter-observer agreement has been described by
Pfirrmann et al. [18]. Degenerative changes in
intervertebral disks demonstrate the develop-

ment of low T2 signal intensity within the disk
with failure to differentiate annulus fibrosis from
nucleus pulposis. As disk degeneration progress-
es, the “vacuum disk phenomenon” can occur,
and is manifested as a signal void on T1-and T2-
weighted images. A calcified disk typically pres-
ents with absent or low signal on MRI but the cal-
cified disk can be hyperintense on T1-weighted
images depending on the amount of calcium par-
ticulates [19]. Complete or partial tears or fissures
of the annulus are due to avulsions in the fibers
of the annulus fibrosus and can involve the fibers
themselves or their insertions on the adjacent
endplates. They can be seen as hyperintense T2
signals just beneath the annulus fibrosus (which
normally presents with a low T2 signal).

Three main types of degenerative changes in
vertebral endplates and bone marrow have been
described [20, 21]. Type-I changes of the end-
plates and bone marrow demonstrate hyperinten-
sity on T2 images with low signals on T1-weight-
ed images; contrast enhancement after contrast
administration may occur. These changes are
thought to represent the more acute changes of
DDD. Type-II changes present with increases on
T1-weighted images and isointense to hyperin-
tense on T2-weighted images.

Type-III changes represent dense woven bone
and absence of bone marrow, and are hypointense
on T1- and T2-weighted images [21]. Type-III
changes correlate with the sclerotic changes seen
on spinal radiographs.

Recent studies have demonstrated that DWI
might be useful for the differentiation of abnor-
malities in degenerative and infectious endplates
becaue DWI demonstrates the hyperintensity of
vertebral bone marrow in patients with spinal
infections, but not in subjects with degenerative
changes [22].

2.3.1 Disk Herniation

The disk-space margins consist of the superior
and inferior bordering vertebral endplates and,
peripherally, the vertebral ring apophyses (not
including osteophytes) [23]. A disk herniation is
defined as extension of disk material beyond the
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Fig. 2.5 Sagittal T1-weighted (a) and T2-weighted (b)
as well as axial T1-weighted (c¢) and STIR (d) MRI in
a 45-year-old male complaining of radiculopathy in the
left leg when sitting in certain positions. The images
demonstrate a large, broad-based, >12 mm-deep central
left paracentral disk herniation that almost completely
compresses and displaces the thecal sac to the posterior
right aspect of the central spinal canal. On the STIR
image (d), the protruded disk is hyperintense compared
with the compressed thecal sac

margins of the disk space. A disk herniation can
be considered to be “localized” if <50% of the
total circumference of the disk is involved or it
can be considered to be “generalized” if >50% is
involved [23]. If the disk material extends circum-
ferentially from 50% to 100% beyond the edges
of the ring apophyses, it is termed a “bulging”
disk. Localized disk herniation is subdivided into
“focal” (<25% of the disk diameter) or broad-
based (25-50% of the disk diameter) [23] (Figure
5). Disk herniation can be further subdivided in
“protruded” or “extruded” disks. A disk protru-
sion occurs if the base of the herniation is broader
than the displaced disk material in any plane. A
disk extrusion is present if the base is narrower (in
the axial or sagittal plane) than the displaced disk
material. If the herniated disk is separated from its
origin it is called a “sequestration”, and is often
termed a “free disk fragment”. Posterior and pos-
terolateral (“medial” in previously used terminol-

ogy) disk herniations are more common than far
lateral or extraforaminal disk herniations. Extra-
foraminal disk herniation is defined as a disk her-
niation lateral to the foramen without a foraminal
component. MRI is the method of choice to eval-
uate disk herniation regardless of location; a re-
cent study demonstrated that MRI for evaluation
of disk morphology has a sensitivity ranging from
60% to 100% and a specificity of 43% to 97%
[24]. Usually, central and lateral disk herniations
(“medial” in previously used terminology) can
be detected readily. However, foraminal and ex-
traforaminal disk herniations with or without fo-
raminal extension are more difficult to detect, and
are often overlooked due to the lack of accurate
evaluation of foraminal and extraforaminal areas
on routine axial and sagittal images. Typical MRI
findings that might suggest a far lateral herniation
with or without foraminal extension include: focal
eccentricity of the disk contour; change in nerve-
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Fig.2.6 Axial (a) and sagittal (b) CT with bone algorithms
demonstrating typical “wraparound bumper” osteophytes
on the right side (a) and facet joint arthritis (a and b)

root thickness due to direct compression by the
herniated disk material, compressive nerve-root
swelling or nerve-root displacement; and loss of
the epidural fat surrounding the nerve root [25].
Recently, other sequences such as obligue coronal
view [26], 3D high-spatial resolution diffusion-
weighted magnetic resonance (MR) neurography
[27], and radiculography through 3D MR render-
ing using conventional spin-echo sequences and
3D coronal fast-field echo sequences with selec-
tive water excitation [28] have been suggested as
additional methods to better evaluate far lateral
or extraforaminal disk herniation. A recent study
using oblique turbo spin-echo T2-weighted se-
quences showed that this method could provide
clear visualization of the dorsal root ganglion and
lumbar nerve root in foraminal and extraforami-
nal areas [26].

24 Degenerative Changes and

Facet Joint Disease

Lumbar facet joint degeneration is a multifacto-
rial process that occurs independently of the pre-
ceding degenerative changes of the intervertebral
disk [29-31].

It has been suggested that, in patients pre-
senting with lumbar facet-mediated pain, stan-

dard radiographs (including anteroposterior,
lateral, and oblique views) should be the initial
assessment. In general, the curved configuration
and sagittal orientation of the lumbar facet joints
limits the utility of frontal and lateral views, but
the lateral view gives useful information about
possible pars interarticularis defects, as well as
showing angulation of facet joints [32]. CT of
the spine with reformatted images in sagittal and
axial planes with bone algorithms is an excellent
way to: demonstrate degenerative changes of the
facet joints; show central canal stenosis; grade
lateral recess narrowing and neural foraminal
narrowing secondary to facet osteoarthritis with
associated ‘“wraparound bumper”’ osteophyte
formations along the capsular attachments of the
facet joint (Fig. 2.6). Similar findings of hyper-
trophy of facet joints as well as increased fluid in
the facet joint can be seen with MRI (Fig. 2.7).
A standard MRI-based classification system for
osteoarthritis of lumbar facet joints has been de-
veloped by Fujiwara et al. [33]. They also dem-
onstrated that, compared with CT, MRI tends to
underestimate the severity of osteoarthritis of the
facet joints.
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Synovial cysts associated with arthritis of
facet joints and degenerative spondylolisthesis
have been noted as potential causes of lower
back pain, unilateral radicular pain, neurogenic
claudication, and cauda equina syndrome. These
cysts are common intraspinal extradural masses
located posterolateral to the thecal sac. They are
most commonly seen in the L4-L5 region, fol-
lowed by the L5-S1, L3-4, and L2-3 segments
[34]. Lumbar synovial cysts are more commonly
seen in patients in their seventh decade of life
and have a slight female predominance [35]. The
characteristics of the MRI signals of this popula-
tion are dependent upon hemorrhagic debris or
calcification within the cysts but commonly dem-
onstrate hyperintense centers with hypointense
rims on T2-weighted images and hypo/isointense
areas on T1-weighted images. CT-arthrography
has been suggested as an additional test to docu-
ment communication with a native facet joint be-
fore resection or spinal intervention [35].

“Spondylolisthesis” is the term used for ante-
rior or posterior displacement of the VB in rela-
tion to an immediately inferior VB. Degenerative
spondylolisthesis most often occurs at the L4-L5
level where there is a more vertical orientation of
the facet joints. This leads to displacement ante-
rior to the superior VB and to cranio-caudal facet
subluxation [23].

Loss of disk height with misalignment of the

Fig. 2.7 Axial T2-weighted
image at the level of the
L4-LS5 intervertebral disk
space (a) demonstrating a
hypertrophic facet joint with
wrap-around osteophytes

and hypertrophic ligmanenta
flava bilaterally. This results
in slight narrowing of the
central spinal canal and lateral
recesses. Axial T2-weighted
image at the level of the L3—

| L4 intervertebral disk space
showing increased fluid in the
facet joint bilaterally (b)

articular processes, increased segmental axial
mobility, degenerative changes (including facet
hypertrophy with osteophyte formation, liga-
menta flava hypertrophy, fluid with facet joints,
synovial facet joint cysts, degenerative spondylo-
listhesis) may cause narrowing of the spinal canal
(especially of the lateral recesses and the neural
foramina) [36] (Figs 2.6 and 2.7). Stenosis of the
spinal canal or formen may result in compres-
sion of the intraspinal or foraminal segments of
the nerve roots, and is associated with symptoms
that are usually aggravated by the spinal posture
[36]. Narrowing of the entire spinal canal is as-
sociated with compression of the thecal sac and
cauda equina. According to Emch and Modic, the
degree of canal narrowing is best classified in the
axial plane, and described as “mild” (less than
one-third narrowing of the diameter of the spinal
canal), “moderate” (one-third to two- thirds) or
“severe” (greater than two-thirds) [23]; an identi-
cal classification can be applied for grading the
degree of neural foraminal stenosis [37].

25 Non-traumatic Compression

Fractures of the VB

Non-traumatic compression fractures of the VB
are common in the elderly population. The most
common cause of non-traumatic VB fractures is
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Fig. 2.8 Osteoporotic (benign) vertebral body compression fractures in a 73-year-old female patient with known osteo-
porosis. a On sagittal T2ZWI low-signal intensity and irregularity of vertebral endplates is noted in T12 vertebral body.
Band-like hyperintensity (“fluid sign”) is shown in the lower part, indicating recent collapse. Height decrease is also
seen in T11 vertebral body with depression of the cover plate and band-like changes (old compression fracture). b On
sagittal T1WI the affected vertebral body shows low-signal and blurred endplates. ¢ Slightly higher signal in T12 is seen

on sagittal STIR. Low signal is observed in T11 vertebra

osteoporosis [38]. Almost 50% of Caucasian fe-
males will develop osteoporotic fractures during
their lifetimes [39]. If not treated aggressively,
the mortality and morbidity are high.

The differentiation between osteoporotic and
malignant fractures based on clinical and imag-
ing findings in the acute setting is particularly
challenging. Morphological signs (e.g., complete
replacement of vertebral marrow; involvement
of the posterior elements; epidural or paraspinal
masses) can be used to improve the diagnostic
accuracy for predicting metastatic disease but
may be equivocal [40—42]. Up to one-third of
fractures in patients with a known primary malig-
nancy are benign, and approximately one-quarter
of fractures in apparently osteopenic patients are
due to metastases.

Results from recent studies have raised hopes
that diffusion-weighted MRI (DWI) could be
used to differentiate benign from malignant acute
vertebral fractures. It has been hypothesized that
proton diffusivity is increased in osteoporotic
fractures because of bone-marrow edema. Con-
versely, metastatic lesions might change diffu-
sivity only moderately (or even decrease) it. It
has been postulated that the high cellularity of
metastatic lesions (especially of actively grow-

ing tumors) reduces proton diffusivity. The first
report of the clinical application of DWI of the
spinal bone marrow focused on differentiation
of benign osteoporotic and malignant vertebral
compression fractures: it was published in 1997
by Baur et al. [7]. Benign osteoporotic fractures
were hypointense or isointense on steady state
free precession (SSFP)-based DWI, whereas ma-
lignant fractures exhibited hyperintensity (Figs
2.8 and 2.9). Most of the studies that followed
confirmed these results [8, 9, 43, 44, 45]. Excep-
tions are sclerotic metastases and treated me-
tastases that appear hypointense and give false-
negative results [46, 47]. Low signals on DWI
in treated metastases are due to tissue necrosis
and increased diffusion of water protons. Subse-
quently, quantitative DWI has clearly shown the
difference between normal and pathological ver-
tebral bone marrow [48-52]. The apparent diffu-
sion coefficient (ADC) of pathological bone is
0.7-1.0x10"* mm?/s in metastatic and malignant
fractures, and is 1.0-2.0x10-* mm?/s in osteopo-
rotic or traumatic fractures [53]. The diagnostic
utility of DWI to differentiate benign from malig-
nant acute compression fractures is controversial,
primarily due to the considerable overlap in ADC
values. Two or more images with different diffu-
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Fig. 2.9 Malignant vertebral body fracture in a 64-year-old male patient with known renal cancer. a CT scan (bone
window setting) shows a compression fracture of the L3 vertebral body with height decrease and bone destruction. b
Lytic bone lesion and paravertebral soft tissue masses are recognized on coronal CT scan. ¢ On sagittal TIWI image of
the lumbar spine low signal intensity is noted in affected vertebral body. d,e Mixed signal is observed on sagittal T2WI
(d) and STIR (e). f,g On post-contrast TIWI in sagittal (f) and axial (g) planes intense enhancement of the collapsed

vertebral body and paraspinal tumor masses

sion weightings are necessary to evaluate quanti-
tatively the ADC. Typical values of the ADC in
normal bone marrow are 0.2-0.5x10 mm?/s.
The use of fat saturation is another impor-
tant issue when obtaining ADC measurements in
VBs. The calculated ADCs of normal bone mar-
row are systematically decreased if fat saturation
is not applied. Typical values of the ADC deter-
mined without fat saturation [48, 49, 53-56] are

0.2-0.3x10°* mm?/s in contrast to 0.3-0.5x1073
mm?/s with fat saturation [51, 52, 57].

Hatipoglu et al. found positive correlation
between the decrease of bone mineral density
(BMD) and the ADC. This decrease was explained
by accumulation of fatty bone marrow [39]. In
their study, 51 patients underwent dual-energy
X-ray absorptiometry (DEXA) and conventional
MRI with diffusion and ADC measurements. In
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addition, ADC values were compared with BMD.
In contrast, Griffith et al. found no correlation be-
tween BMD and ADCs [58]. All studies applied a
fat-saturated sequence so there is no clear expla-
nation of the contradictory results.

MR perfusion curves have received attention
recently. Bone-marrow perfusion shows varia-
tions dependent on several factors. The appear-
ance of the bone marrow on MRI is strongly de-
pendent on the distribution of yellow marrow and
red marrow. Yellow bone marrow has a sparse
network of capillaries, venules, and thin-walled
veins, whereas red bone marrow contains a rich
vascular network [10]. Studies have shown that
bone-marrow perfusion decreases with age and
with increasing fat content [7, 58—60]. Chen et al.
demonstrated that characterization of the lesions
according to their time—intensity curve (TIC)
patterns might be valuable [61]. Tokuda et al.
found significant differences between perfusion
parameters such as slope and maximum enhance-
ment of benign and malignant fractures but not
between TIC patterns [62].

A combined quantitative DWI and high-
temporal-resolution dynamic contrast-enhanced
MRI (DCEMRI) study in the vertebral bone
marrow of patients with osteoporosis and acute
vertebral compression was carried out recently
[63]. Mean perfusion parameters and ADCs were
significantly (p<0.001) different in the fractures
compared to adjacent normal appearing verte-
brae [63]. In-phase and out-of-phase gradient
echo imaging is a promising new method sug-
gested for distinguishing metastatic spread from
acute osteoporotic fractures. The use of in-phase
and out-of-phase imaging to differentiate benign
from malignant lesions is based on the assump-
tion that malignant lesions completely replace
VB fat whereas VB fat is still present in benign
lesions. Recently, Erly et al. showed that a signal
intensity ratio for in- and out-of-phase images
of >0.8 could be used to predict metastatic dis-
ease, whereas a ratio of <0.8 could predict benign
compression fractures [64].

A recent study using vertebral T1 and T2 re-
laxation times of fat and water components as
well as ADCs in patients presenting with ver-
tebral lesions demonstrated significant differ-

ences between normal-appearing vertebral bone
marrow and lesions [65]. Interestingly, only the
ADCs determined with a diffusion-weighted-sin-
gle shot turbo spin echo (DW-SS-TSE) method
showed significant differences between osteopo-
rotic fractures and malignant lesions.

2.6 Hemangioma

Vertebral body hemangiomas are benign lesions
of the spinal column and represent 4% of all
spinal tumors. The prevalence based on autopsy
and imaging studies is 10-12% [66, 67] with a
slightly increased prevalence with age and a
slight female predominance. VB hemangiomas
predominantly affect thoracic and upper lumbar
VBs, although they may involve the pedicles (and
rarely the spinous processes) or extend into soft
tissue [68]; they are often discovered incidental-
ly. The lesions vary in size and may be multiple
in <30% of cases. Most VB hemangiomas are as-
ymptomatic and do not cause pain or neurologi-
cal sequelae. Symptomatic hemangiomas repre-
sent <1% of all hemangiomas. Typical symptoms
are pain, myelopathy, and radiculopathy due to
bone expansion compressing the thecal sac or
nerve roots [69, 70]. Thoracic vertebral heman-
giomas have been reported to produce neurologi-
cal symptoms more often than lumbar vertebral
hemangiomas. This is thought to be due to the
smaller ratio of the spinal cord to the spinal ca-
nal in the thoracic segment, and the presence of
normal thoracic kyphosis, both of which may fa-
cilitate early compression [71]. The management
and treatment of symptomatic hemangiomas
vary, and includes kyphoplasty, embolization or
surgical stabilization.

Occasionally, hemangiomas may cause a
pathological fracture, especially if they are: ag-
gressive in nature; large; located posteriorly in
the VB; extend into the pedicles.

Histologically, hemangiomas are hamarto-
matous proliferations of vascular tissue of endo-
thelial origin, and appear as multiple small ves-
sels and components of fatty tissue interspersed
among bone trabeculae [72]. Two main types of
hemangiomas most commonly present in osseous
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Fig.2.10 Coronal (a), sagittal (b) and axial (¢) CT with bone algorithms of a single vertebral body hemangioma in the
thoracic spine. Multiple dots (“polka dots”) representing a cross-section of reinforced trabeculae in the center of the

vertebral body are seen

Fig. 2.11 Sagittal T1-weighted (a) and T2-weighted (b) as well as axial T2-weighted (¢) MRI demonstrating a large
hemangioma in the L3 vertebral body extending into the left pedicle. It presented as punctate areas of low or isointense
signals compared with bone on T1-weighted MRI and high signal intensity on T2-weighted MRI

tissue, and are categorized as “capillary” or “cav-
ernous” on the basis of the associated vessels.
Vertebral hemangiomas have typical imaging
features. The radiographic appearance of heman-
giomas is characteristic, with vertical trabeculae
and soft-tissue stromas (“honeycomb” pattern),
and the VB looks molted with a lower bone den-
sity [68, 73]. On CT, they have a multiple-dot pat-
tern (“polka dots”) representing a cross-section
of reinforced trabeculae, and may demonstrate
contrast enhancement (Fig. 2.10) [74]. On MRI,

which is the gold-standard imaging, the imaging
features of active hemangiomas are punctate ar-
eas of low or isointense signals compared with
bone on T1-weighted images and high signal in-
tensity on T2-weighted MRI. If the hemangiomas
are inactive, they present with high signals on T1-
and T2-weighted images (Fig. 2.11). They com-
monly demonstrate homogenous enhancement
after contrast administration. Conventional digi-
tal angiography demonstrates the vascular nature
of these lesions.
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Fig.2.12 Sagittal T1-weighted (a) and
T2-weighted (b) MRI of an inactive
hemangioma in the lower thoracic spine
showing high signals

2.7 Summary

Imaging has an important role before and after
spinal intervention. CT and MRI are the most
used imaging modalities for the detection and
differentiation of spinal lesions. CT and fluoro-
scopic imaging are used during interventional
procedures.
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3.1 Introduction

The fundamental concept of normal anatomy of
the spine is crucial for a correct approach to mini-
mally invasive spinal treatments. In this chapter,
the spinal anatomy and paravertebral soft tis-
sue will be discussed because they represent the
“roadmap” during the percutaneous procedures
carried out under fluoroscopic or computed to-
mography (CT) guidance.

The goal of a minimally invasive interven-
tional procedure in the spine (irrespective of
which one is employed) is to reach a particular
“target” located in the vertebral body (VB) or the
posterior arch by the least traumatic and safest
way possible. However, the approach must per-
mit valid diagnostic or therapeutic results.

3.2  General Points to Consider

The rationale of percutaneous treatment is to
reach a specific target under radiographic guid-
ance in the safest possible way. It is possible to
design precisely the route to reach the anatomical
location desired, as well as constant monitoring
during execution of the procedure and the imme-
diate verification of the results obtained.

M. Muto (P<)

Neuroradiology Department, A. Cardarelli Hospital,
Naples, Italy

e-mail: mutomar2 @ gmail.com

M. Muto (ed.), Interventional Neuroradiology of the Spine,

Fig. 3.1 Main targets of percutaneous interventional pro-
cedures in the spine. Vertebral body (vb); intervertebral
disks (id); ganglion and spinal nerve (sn); paraspinal
sympathetic ganglion (psg); posterior spinal facet joint
(psj); interspinous space (is); medial branch posterior ra-
mus (mpr)

In the specific case of the spine, the target
is anatomical landmarks such as facet joints,
intervertebral disks, posterior arch, lamina, and
paraspinal nerve structures (Fig. 3.1). These re-
gions are readily identified by fluoroscopy or
CT. Fluoroscopy is characterized by a wide field
of view and sufficient spatial resolution only on
skeletal parts. CT also provides detailed informa-
tion on soft paravertebral tissue (especially on
muscle or fatty tissue and often about vascular
and nerve structures). To carry out minimally
invasive percutaneous procedures, summarizing
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Fig. 3.2 Axial view of anatomical preparations of cervical vertebrae
(a), corresponding to the dorsal portions (b) and cervical portions

(c). Superior vertebral endplate (sep); hooked process (up); anterior
tubercle of transverse process (at); posterior tubercle of the transverse
process (tp); posterior superior articular facet joint (saf); spinous
process (bifid at the cervical level) (sp); lamina (/a); accessory foramen
transversarium (af?); pedicle (p); foramen transversarium (ft); vertebral
body (vb); costotransverse joint (ctj); costovertebral joint (cvj); tubercle

the normal spinal anatomy and radiographic ele-
ments of the spine is important.

3.3 Normal Anatomy of the Spine

The spinal column is divided in five segments:
cervical, thoracic, lumbar, sacral and coccyx. The
spinal column comprises thirty-three individual
segments: the vertebrae. They consist of an an-
terior bony block, the body and a posterior ele-
ment, as well as the neural arch (which contains
the articular, transverse and spinous processes).
The VB is a cylindrical formation of cancellous
bone enclosed in a thin shell of compact bone,
which is in correspondence with the upper and
lower surface.

The basic architecture is similar in the differ-
ent regions of the spinal column. However, the
mass and size of the vertebrae increases gradually
proceeding from the first cervical vertebra up to
the last lumbar vertebra as a natural adaptation in
response increases in mechanical loading. Other
major differences are the presence of the foram-
ina for both vertebral arteries in the transverse

(tub); articular facet for transverse process (aft); mammillary process
(mp); central spinal canal (sc)

processes at the cervical level, the facet joints in
the ribs at the thoracic vertebrae, and the mam-
mary processes at the lumbar level (Fig. 3.2).

The first two cervical vertebrae are consid-
erably different from the others. The atlas (C1)
does not have an anterior body. It corresponds
to the odontoid process of the second cervical
vertebra and is formed by an anterior arch that is
joined to the posterior arch by two lateral masses
(the articular processes) to which there are the
transverse processes. The surface of the upper
articular processes has an ellipsoid, irregular and
concave shape (Fig. 3.3) with an axis directed
forward and laterally (the inclination is about 40°
from the median sagittal plane), also known as
the “glenoid cavity”, that receives the occipital
condyles.

The posterior arch corresponds to the lamina
of the remaining vertebrae where, on its upper
surface, is located the sulcus for the vertebral ar-
tery. The posterior tubercle is the vestigial rem-
nant of the spinous processes. The second cervi-
cal vertebra is characterized by the odontoid pro-
cess or dens, which is derived from the central
nucleus of ossification of the atlas (C1). The dens
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Fig. 3.3 The atlas. Upper (a) and lower view anatomical detail (b). Articular surface for odontoid process of C2 (0);
anterior arch (aa); posterior neural arch (lamina) (pa); lateral mass (/m) for vertebral artery foramen transversarium/
veins (ff); posterior tubercle (pf); anterior tubercle (Pf); transverse process (f)

Fig. 3.4 Axis. Anatomical detail of C2: three quarters posterior superior view (a) and frontal view (b). Dens (d); point
of insertion of transverse axial ligament (posterior articular facet) (¢l); anterior articular facet for median atlanto-axial
joint (aa); superior articular facet (sas); inferior articular facet (ias); pars interarticularis (pi); pedicle (p); lamina (L);

transverse process (zp); body of C2 (b)

is a bony, conical-shaped process that extends up
almost to the inferior end plate of the clivus and
is provided with two articular facets: a ventral
one in contact with the anterior arch of the atlas
and a dorsal one that comes into contact with the
transverse ligament (Fig. 3.4). By each side of the
dens are two articular apophyses which support
the weight of the head.

The upper facet joints overflow outside, be-
low and behind with respect to the body of C2,
standing midway between the two structures on
which the load is shared: the diskal and articular

processes. Their surface is flat in the transverse
direction but can be also slightly convex, and they
have a thin edge of compact bone along which a
ring on left lateral (LL) radiographic projection
can be defined. The peduncles are particularly
large, more vertical and less oriented with re-
spect to other cervical vertebrae, and delimit the
vertebral artery canal. The posterior arch appears
to be disproportionate with respect to the body
because it must distribute the forces of the mus-
cle inserted on the spinous C2 apophysis. The
transverse processes are short, the laminae have a
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Fig. 3.5 Schematic view in the sagittal section of the foramen and nerve vascular structures at cervical (a), thoracic (b)
and lumbar (c) levels. Ventral nerve root (var); dorsal nerve root (dnr); epidural fat (f); hooked process (up); radicu-
lomedullary artery (rma); radiculomedullary vein (rmv); superior articular process (sap); inferior articular process (iap),

pedicle (pe)

rectangular shape, and the spinous processes are
often long and stout [1-7]

To carry out minimally invasive interven-
tional procedures, knowing four key spinal ele-
ments is important: neural foramen, posterior
facet joints, sympathetic nervous system, and the
spinal nerve.

3.3.1 Neural Foramen

The neural foramen is also called the “interver-
tebral foramen”. It contains primarily the nerves
(with an anterior motor root and posterior sen-
sitive root plus its ganglion), the vascular struc-
tures, and some fatty cells primarily distributed
in its upper portion. The neural foramen is delim-
ited: by the articular process posteriorly; by the
VB with the disk anteriorly; on the upper side by
the inferior margin of the pedicle of the cranial
vertebra; and inferiorly by the upper margin of
the pedicle of the vertebra below. At the cervical
level, the anterior nerve root is related to the un-
ciform processes and the vertebral artery. At the
cervical level, the nerve root occupies the lower
part of the foramen, whereas in the upper portion
are placed the vessels and fat (Fig. 3.5a). At the
thoracic level, the nerves and vessels are in the
middle portion of the foramen (Fig. 3.5b). At the
lumbar level they are in the upper portion of the
foramen (Fig. 3.5¢).

These neural elements (particularly those at
the cervical level) are surrounded by numerous
veins that, on CT after injection of contrast me-
dia, permit recognition of the epidural space, al-
lowing identification of the structures contained
therein. The cervical nerve roots are numbered
from CI1. The first nerve root leaves the spinal
canal at the space between the occipital bone and
C1, up to the C8 nerve root that emerges from
the neural foramen of C7-D1. Consequently, the
numbering of the nerve roots in the remaining
thoracic and lumbar segments is staggered by one
level down compared with the corresponding VB
(the twelfth thoracic nerve engages the interver-
tebral foramen D12-L.1, whereas the fifth lumbar
nerve engages the foramen L5-S1). The extent of
inclination of the foramina changes in the various
segments of the spine compared with the sagit-
tal plane. The channel is directed obliquely in the
anterolateral side in the cervical and laterally in
the thoracolumbar level [8-9] (Fig. 3.6).

3.3.2 Posterior Facet Joints

At the cervical level, the articular apophyses have
a cylindrical shape with an angle of 45° with re-
spect to the horizontal plane. On their surface are
the facet joints, which are inclined downwards
by about 45°. Because of their spatial orientation
they seem to have a “parallelogram” appearance
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Fig.3.7 Lateral view

of cervical and thoracic
spinal segments

and oblique view of
lumbar segments with
demonstration of the facet
joints

with a cone shape on the LL view on radiographs,
whereas on all other radiographic projections
they assume an oval appearance with margins
that are more or less rounded. At the thoracic
level, the facet joints have a flat surface and are
directed back and forth over the lower ones. At
the lumbar level, the articular processes appear
as flattened bone formations located at the junc-
tion between the lamina and pedicles and posteri-
orly with respect to the transverse processes. The
superior articular apophyses have an internal
joint surface in the form of a vertical shower,
covered with cartilage. Their outer surface shows
a small bone on the back edge called the mam-
millary tubercle. The inferior articular apophyses
are implanted on the lower edge of the lamina,
and are directed obliquely downwards and back-
wards.

The convex articular surface of the inferior
articular apophyses is in contact with the upper

articular apophysis of the vertebra below. At the
sagittal plane they form an angle that increases
progressively from L1 to L5, being nearly a sag-
ittal line from L1 to L4 and almost a frontal line
at L4-L5 and L5-S1. However, the orientation
changes from one subject to another or in the
same subject, and often there is an asymmetry
between the two sides. At the L4-L5 and L5-S1
joint space, the right side is more sagittal than
the left in 70% of cases [10—13]. In the sagittal
plane, the orientation of the joint is almost verti-
cal (Fig. 3.7). To understand the important role
of this articulation during interventional proce-
dures, its anatomy must be specified. The intera-
pophyseal articulation is a synovial joint that is
often associated (as with all other joints) with
inflammatory—degenerative processes. The folds
of the synovial membrane may extend between
the articular surfaces and cause pain if they are
inflamed. The articular surfaces are covered with



48

A.A.Diano et al.

dnr

rmy

Fig. 3.8 Schematic view of the inter-apophysis junction at the lumbar level in axial (a) and sagittal (b) sections. Liga-
mentum flavum (/f); posterior superior articular facet joint surface (saf); posterior inferior articular facet joint surface
(iaf); articular cartilage (hyaline) of facet joint (ac); synovial membrane and capsular ligament of posterior spinal joint
face (syc); superior articular recess (sar); inferior articular recess (iar); superior recess of the neural foramen (srf); dor-
sal nerve root (dnr); ventral nerve root (vnr); radiculomedullary artery (rma); radiculomedullary vein (rmv); posterior

longitudinal ligament (pll)

hyaline cartilage, interlock with each other, and
are joined together by the joint capsule. In gen-
eral, the interarticular space is curved from front
to back and forwards and outwards. The articular
apophyses are enclosed in a capsule, and are re-
inforced by the lateral segment of the ligamen-
tum flavum and by the posterior ligament. There
are two joint recesses: the higher one is located
anteriorly and is in proximity to the spinal canal
and neural elements, and can be up to the neural
foramen (Fig. 3.8).

Two other small recesses can be found. They
are inconstant and extend the full height of the
joint: the anterior-medial recess and posterolater-
al recess [14]. The size of the inferior recess var-
ies based on the static lumbar spine. An increase
in lumbar lordosis tends to widen the upper re-
cess, whereas an increase in kyphosis determines
a wider inferior recess. Hence, it is desirable to
place a pillow under the abdomen of the patient
to reduce the lordosis and facilitate puncture of
the inferior recess.

The innervation of the posterior vertebral
joints is rich and complex (Fig. 3.9). On each
side there is a sensory nerve from the ipsilateral
posterior branch of the same level of the spinal
nerve, and sensory branches of the spinal nerve
arise from those above.

Fig. 3.9 Innervation of the facet joints and spinal nerve.
The nerve branches directed to the articular apophyses are
highlighted. Sympathetic ganglion (syg); branches comu-
nicantes (rc); anterior primary ramus (apr); posterior pri-
mary ramus (ppr); medial branch posterior ramus (mpr);
ramus posterior lateral branch (Ipr); posterior longitudinal
ligament (pll); ligamentum flavum (If); superior articular
facet (sas); spinal nerve (sn)

3.3.3 Sympathetic Nervous System
in the Spine

Pre-ganglion cells of the anterior horn of the
nerve fibers of the spinal cord originate in the
passing ventral root of the spinal nerve and are
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Fig. 3.10 Plain radiograph (anteroposterior projection) of the occipito-vertebral hinge (a) and anatomical preparation
of dry bone (b). Odontoid process (dens) (O); body of C2 (C2); occipital bubble (b); lateral mass of C1 (/m); atlanto-
axial joint (aaj); posterior arch of C1 (inferior edge); posterior arch of C2 (superior edge); spinous process of C2 (sp)

conveyed through gray communicating branches
to form a sympathetic chain. Their nerve impulses
produce contraction of smooth muscle cells (e.g.,
the muscular coats of the intestine, bronchi, ves-
sels), and determine the secretory effects (glands)
or trophic effects on the connective tissue of the
organs. The two chains of sympathetic ganglia or
trunks located in the paravertebral space extend
from the base of the skull to the coccyx and di-
vide into complexes. A detailed description of the
sympathetic chain and spinal nerve is beyond the
scope of this chapter.

3.4  Radiographic Anatomy
of the Spine
3.4.1 Cervical Spine

The radiographic study is undertaken with a tran-
soral projection for the first two cervical vertebrae
and with the anteroposterior (AP), LL and oblique
projections for the lower cervical segments.

In the transoral projection it is possible to re-
duce the overlap of most of the skeletal structures
of the face. The central X-ray beam affects the
center of the mouth and flows out to the height of
the inion (or just below). The degree of forward
head tilt should be well balanced because it can
cause a pronounced overlap of the upper alveolar
processes of the teeth, and a slight extension can
cause a similar overlap due to the occipital bone.

Anatomical radiographic findings start from the
midline and proceed outwards: the odontoid pro-
cess, the lateral masses of the atlas, and the trans-
verse processes of the atlas. The inferior articular
facets of C1 are increasingly evident with a well-
defined lower edge and acute infero-external an-
gle. The anterior lamina of C1 is projected on the
lateral mass as an opaque ring. On the inner face
of the lateral masses, tubercles that give attach-
ments to the transverse ligament are clearly vis-
ible. The C2 pedicles are projected onto the VB
with an external concavity. The posterior arch
of C2 is evident through the body as well as the
spinous process. The superior articular facets of
C1 and the occipital condyles are more or less
evident in relation to the maxilla and occipital
bone (Fig. 3.10).

The cervical spine from C3 to C7 can be ex-
amined with three projections: AP; LL; and right
and left 45° oblique.

AP projection: The cervical spine from C3 to
T1 is represented, and shows the VBs, interbody
space, unciform apophyses and uncovertebral
joints (Fig. 3.11). Because of their orientation, the
peduncles are not clearly shown in AP projection.
They are reduced to two small opacities situated
at the sides of the body which can be appreciated
only in the upper and lower outlines. In general, it
is not possible to distinguish the upper and lower
edges of the posterior arch, of which only the
spinous process is evident. Due to their orienta-
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Fig. 3.11 Conventional radiographic anatomy of the cer-
vical spine in the anteroposterior projection. Hyoid bone
(hyb); uncovertebral joint (uvj); intervertebral disk space
(ids); thyroid cartilage (thyc); laryngo—pharyngo—tracheal
airway (plta); tansverse process (fp); articular process
(ap); spinous process (sp); first rib (fr)

tion and subtlety, the articular apophyses are not
clearly visible and appear as an “elephant’s ear”.
Only the VBs are clearly visible along with the
uncus and uncovertebral joints. The articular pro-
cesses are overlapped as a double opacity with a
vertical course, almost constant, at the sides of
the soma. The first ribs and first dorsal vertebrae
can be seen clearly. False images at the C4 and
C5 levels can be created due to: the transparency
of the tracheo—pharyngeal-laryngeal axis; the
epiglottis; the opacity of the larynx cartilage; the
hyoid bone; overlapping of the spine.

LL projection: VBs and the interbody space can
be assessed on the LL projection. With regard to
the atlas, the profile of the anterior arch (like a
signet ring) and the posterior arch (in which the
cortex is very clear) can be evaluated clearly.
The space between the odontoid and anterior
arch of the atlas is usually <2.5 mm in adults. The
lateral masses of the atlas are projected on the
odontoid and, in general, are poorly analyzed.
The posterior margin of the soma of C2 is in
continuity with that of the dens, but sometimes
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Fig. 3.12 Plain radiograph (left lateral projection) of the
cervical spine. Posterior tubercle of the posterior arch
of C1 (ptu); posterior tubercle of the transverse process
(pttp); anterior tubercle of the transverse process (attp);
superior articular process of the posterior spinal facet joint
(zygapophyseal) (sap); inferior articular process of the
posterior spinal facet joint (zygapophyseal) (iap); lamina
(la); pedicle (pe); spinolaminar line (spl); transverse pro-
cess (tp); intervertebral disk space (ids); spinous process
(sp); vertebral body (vb) (C3)

it can form an angle as an anatomical variant. In
the section below the atlo-occipital joint, the VBs
have a rectangular appearance with an antero-in-
ferior “beak” with overlapping of the transverse
process. Posterior to the body are the articular
processes with a parallelogram shape. Posterior
to the articular processes are projected the lami-
nae, which form the “spinolaminar space” (used
to evaluate stenosis of the spinal canal). Behind
the laminae are the spinous processes, non-exist-
ent only for C1, whereas they are more developed
from C6 to C7 (Fig. 3.12).

The 45° oblique projection is used to evaluate
the conjugation foramen, so the orientation of
the X-ray beam must be the same as that of the
conjugation foramen: 40° in relation to the fron-
tal plane and 15-20° in relation to the horizontal
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Fig. 3.13 Plain radiograph (oblique
projection) of the cervical spine.
Pedicle (pe); lamina (la); vertebral
body (vb); neural foramen (nf);
spinous process (sp); pedicle side in
the examination (pel); uncovertebral
joint (uvy)

uvj

plane. In this projection, the foramina have an
oval shape that is delimited anteriorly by the pos-
terolateral angle of the VBs, disk and uncus, and
posteriorly by and the articular apophysis. The
peduncles can be seen clearly; those which are
ipsilateral are seen according to their major axis.
The contralateral laminae are projected in the
foramen whereas the ipsilateral laminae appear
as vertical opacities. The facet joints are not seen
clearly: they appear as partially overlapping oval
formations. More posteriorly, spinous processes
can be observed [2] (Fig. 3.13).

3.4.2 Thoracic Spine

The radiographic views used to study the thoracic
spine, unlike the other segments of the spine, are
the AP and LL projections. In some cases, these
projections are supplemented by detailed projec-
tions studying the VBs and interbody space.

AP projection (Fig. 3.14a): VBs are rectangular
and their volume increases progressively if pro-
ceeding in a caudal direction. The endplates are
regular but the lateral edges are slightly concave.
The peduncles are of very variable form, often
rounded, and projected in the top half of the ver-
tebral VB near the lateral angle. They are quite
small at the level of the first thoracic vertebrae
and reach maximum size at the T11-T12 level.
The inter-pedicular distance remains almost con-
stant throughout the thoracic spine. The spinous

processes are projected onto the VB below. The
intervertebral space has a nearly constant height
throughout the thoracic segment. The anatomical
structures that are most difficult by radiography
are the: upper edges of the laminae (on AP pro-
jection they overlap with the superior endplate
of the vertebra below because they are concave);
upper and lower facet joints; transverse processes
(which are masked by overlapping of the head of
the ribs).

LL projection (Fig. 3.14b): VBs are rectangu-
lar and the endplates slightly concave. The front
edge of the soma is vertical or slightly concave,
the back wall is straight and less defined. The pe-
duncles are implanted on the upper half of the VB
and have an upper edge that is almost in continu-
ity with the upper somatic plate; the lower edge
is concave. The shape of the neural foramina is
oval. The articular apophysis is just behind the
foramina as an isosceles triangle. The interbody
spaces for each level are the same height from
back to front and increase up to the lumbar level.
The spinous processes as well as the transverse
and inferior articular processes are more difficult
to analyze because of the overlap of the ribs and
lungs [10].

3.4.3 Lumbar Spine

AP projection: VBs have a rectangular shape
with straight endplates and lateral margins that
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Fig. 3.14 Plain radiography of the thoracic spine showing anteroposterior (a)
and left lateral (b) projections. Trachea (); spinous process (sp); pedicle (pe);
intervertebral disk space (ivs); transverse process (£p); articular process (ap); ver-

tebral body (vb); neural foramen (nf)

are often concave. The image of the VB can be
deformed depending on the angle of incidence
of the radiation beam. The peduncles are pro-
jected on the supero-external angles of the soma
and aligned symmetrically in the AP direction,
thereby defining the outer boundaries of the spi-
nal canal. The inter-pedicular distance increases
gradually from L1 to LS.

Recognizing the inter-apofiso—laminar space
(a diamond shape flanked by two adjacent ver-
tebrae) is important. Its boundaries are arranged
from the bottom edge of the laminae and the
spinous process of the vertebra above, laterally
from the inner surface of the articular apophy-
ses, and downwards from the upper edge of the
laminae of the underlying vertebra. This air-
space increases progressively in amplitude cau-
dally and is important for evaluation of stenosis
of the spinal canal (Fig. 3.15a). The interbody
space is occupied by the intervertebral disk and
looks like a transparent band when assessing the
height. Sometimes, this transparency is reduced
by disk calcification or increased in the presence
of vacuolar degeneration by accumulation of gas
in the disk.

LL projection (Fig. 3.15b): VBs have a quadran-
gular shape with a central portion of cancellous
bone bounded by cortical bone. The front pro-
file of the VB is, in general, straight or slightly
concave forward; the posterior profile is concave
(sometimes quite pronounced). The soma of L5
shows slight deformation of the posterior wedge.
The pedicles overlap perfectly with the upper and
lower edge, and are slightly concave. The poste-
rior articular apophyses overlap with each other
to form a column of relative opacity in which
the superior and inferior processes can be recog-
nized. The foramina are bordered on the posterior
margin of the intervertebral disk and correspond-
ing vertebral soma, posteriorly by the surface of
the articular processes, up from the bottom edge
of the vertebra above and below the upper edge
of the one below.

LL projection: The neural foramina between L1
and L4 are displayed without deformation as a
large oval shape that decrease progressively in
size proceeding downwards and which have a
small indentation caused by the posterior supe-
rior articular process of the underlying vertebra.
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Fig. 3.15 Plain radiography of lumbosacral
segments in anteroposterior (a), left lateral
(b) and oblique projections with three-
dimensional volume-rendered multidetec-
tor row CT reconstruction of the lumbar
vertebra (c). Inter-apophyseal laminar space
(ials); transverse process (fp); twelfth rib
(12th rib); pedicle (pe); intervertebral disk
space (ivs); spinous process (sp); inferior
articular process (iap); superior articular
process (sap); pars interarticularis (pai);
vertebral body (vb); neural foramen (nf);
posterior spinal facet joint (zygapophyseal)

(psj)

At L5-S1 the foramen appears to be smaller and
flattened because it has a different orientation
than those situated above. Narrowing in the AP
position of the foramina can result from congeni-
tal shortness of the pedicles, hypertrophy of the
posterior facet joint, arthrosis, or degenerative
spondylolisthesis. A reduction in height can be
an indicator of disk degeneration (which under-
goes thinning) or by an increase of the thickness
of the pedicle.

The oblique view (Fig. 3.15¢) is still used fre-
quently in the lumbar spine for exploration of the
posterior arch. It has the classic appearance of the
“Scottie dog” in which the: face corresponds to

the transverse apophysis; ear to the superior artic-
ular apophysis; eye to the pedicle; neck to the in-
ter-joint isthmus; front leg to the inferior articular
apophysis; body to the lamina. The main interest
of this projection lies in the study of the isthmus
inter-articular and posterior joints because the
spacing and articular surface can be seen.

3.4.3.1 Anatomical Variations in the
Lumbar Spine

During percutaneous treatment, to avoid com-

plications or mistakes, knowing the anatomi-

cal variations in the lumbar spine is extremely

important [12]. These variations are detailed in

Table 3.1.
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Table 3.1 Anatomical variations in the lumbar spine

Costiform process at L1. The transverse apophysis of L1 can assume a morphology similar to that of a rib and be
unilateral or bilateral.

Persistence of accessory ossification nucleus. This is sometimes present in correspondence with the transverse
processes or joints, which are situated distally.

Persistence of the epiphyseal center of ossification. This is most often observed on the anterior superior margin of
L1 or, more rarely, L2 and L3. It should not be confused with marginal bone trauma.

Persistence of a “vascular window” of the vertebral body that is manifested as an area of segmental radio-transpar-
ency (front or back).

Net linear opacities and somatic courses parallel to the plates with the same meaning as metaphyses of long bones,
and which correspond to growth striae;

Lumbar styloid apophysis. Corresponds to hypertrophy of the tubercle accessory located below the mammillary
tubercle and behind the superior articular apophysis. On AP projection it appears as a bone of varying length origi-
nating (apparently) from the superior articular apophysis heading down and out (where it crosses the transverse
process).

Constitutional hypertrophy of the pedicles or vertebral joints that can cause narrowing of the conjugation foramen.
Presence of “eyes” in the classic image of a Scottie dog caused by hypertrophy of the mammillary process.

Partial or complete sacralization of LS. This is very common and characterized by a transverse mega-apophysis
(unilateral or bilateral L5) associated with neo-articulation with the sacral bone. The distinction between a sacrali-
zation of L5 or S1 lumbarization is not straightforward and may require an exact definition for the full count of the

individual vertebrae of the entire vertebral spine.

Access Routes and Patient
Positioning for Percutaneous
Treatments

3.5

The percutaneous route is chosen based on the
location and depth of the target so as to reach it
with a route as short as possible while respect-
ing sensitive anatomical structures. Recognition
of the main landmarks in the skin (normally used
for the execution of conventional radiography)
which correspond in depth to a given vertebral
spine are useful for the choice of the decubitus
position (Fig. 3.16). The prone position is the
most commonly used and allows access to al-
most any target in the dorsal and lumbosacral
segments. Placement of a pillow under the abdo-
men reduces lumbar lordosis, and facilitates ac-
cess to the most caudal intervertebral disks and
the lower termination of the vertebral posterior
articular synovium. The entry point of the skin
for the decubitus position is, in general, poste-
rolateral and at a variable distance from the in-
terspinous line (or may coincide with this line in
specific cases) (Fig. 3.17a). The lateral decubitus
position is sometimes employed, especially in the
lumbosacral segments, to reach the intervertebral

disk [13-15]. Also, in this case, placement of a
pillow under the side support can align the verte-
brae in the median plane (Fig. 3.17b). For percu-
taneous treatment at the cervical spine, a supine
decubitus position with slight hyperextension of
the head is the most commonly used. The sali-
ence of the muscle bundle of the sternomastoid is
the reference for access to lower-middle cervical
vertebrae (Fig. 3.18).

The mouth as the “gateway” to the second
cervical vertebra was employed by surgeons of
various disciplines for many years [16—-19]. More
recently it has been used to undertake percuta-
neous vertebroplasty due to vertebral collapse
caused by osteoporosis or cancer. Vertebroplasty
of C2 can be achieved with an equal probability
of success under radiographic or CT guidance
[20-24].

Accesses route for percutaneous procedures
that can create particular difficulties are the high
thoracic region and cervical-thoracic transition.
This is due to the overlap of the scapulohumeral
crack and small size of the pedicles of the up-
per thoracic vertebrae. Good visualization of
the vertebrae and the paraspinal soft tissue is of
fundamental importance because of the close re-
lationship with the spinal canal, pleural cavity
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Fig. 3.17 Patient positioning for access to the thoracic—lumbar—sacral region. Supine (a) and lateral decubitus (b) posi-
tions are shown

Fig.3.18 Patient positioning for percutaneous access to the
cervical spine (C3-C7). External jugular vein (ejv)
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and major vascular structures. To improve the
accuracy of radiological visualization, various
measures should be adopted, including ensur-
ing that the arms are abducted and elbows flexed
forward if the procedure is carried out under se-
dation. This results in lowering of the shoulder
blades, which greatly reduces the image overlay
in the LL projection and good visualization of
T2, resulting in easier undertaking of percutane-
ous treatments [25].

When using CT guidance for percutaneous
treatments, the “swimmer’s position” can be
adopted to reduce artifacts from “hardening”
of the radiation beam present at cervicothorac-
ic junction (especially in subjects with short or
thick necks). The patient is placed supine on the
CT table and one of his/her arms placed behind
the head. This position has been shown to elicit a
net reduction of artifacts with clearer evidence of
pathological processes at the base of the neck and
cervicothoracic junction [26-27].
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Clinical Evaluation of Spinal Disease

Luigi Genovese and Pasqualino De Marinis

4.1 Introduction

Neurodiagnostic evaluation of spinal diseases is
based upon accurate clinical assessment. Perfect
accordance between clinical and neuroradiologi-
cal assessment guarantees a correct diagnosis
and, finally, optimal management of the disease.

4.2  Clinical Examination

Clinical evaluation offers the opportunity to ad-
dress neuroradiological and neurophysiological
examinations and to define the diagnosis. Clini-
cal evaluation comprises accurate documentation
of the medical history and neurological examina-
tion.

4.2.1 Medical History

Taking an accurate medical history is extremely
important and should include ascertaining:

* history of cancer;

e duration of symptoms;

L. Genovese (D<)

Neurosurgery Unit, A. Cardarelli Hospital,
Naples, Italy

email: luigi_genovese @hotmail.com

M. Muto (ed.), Interventional Neuroradiology of the Spine,

e history of trauma;
» history of infection;
* psychological and social aspects.

4.2.2 Neurological Examination

Spinal disease can involve the spinal cord and/or
the nerve roots. Spasticity with hyperreflexia, hy-
pertonicity and weakness distal to the lesion are
signs of upper motor neuron involvement. Hypo-
tonia, hyporeflexia and weakness with radicular
distribution are typical signs of a lower motor
neuron lesion. The most common symptom is
pain: its characteristics and distribution help in
delineation of the type and level of lesion. Ac-
cording to Byrne et al. (see Recommended Read-
ing), pain can be of five types:

* local pain is deep and exacerbated by move-
ments; it occurs in the case of spondylosis
and metastatic lesions;

* referred pain is coupled with local pain. This
diffuse, troublesome pain affects the shoulder
and chest in the case of chronic spondylosis;

* radicular pain is acute, lancinating and often
associated with paresthesia. It is caused by
compression/irritation of dorsal nerve roots
and has a radicular distribution. The cause
can be a herniated disk, metastatic tumor, or
schwannoma;

e cruralgia with testicular referred pain, in
general, diffuses to the trunk and extremi-
ties. It is due to involvement of the sensitive
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intramedullary pathways. An example is the
“electric shock™ (Lhermitte’s sign) felt due to
neck flexion. It is observed in syringomyelia,
intramedullary tumors and myelitis;

* muscular spasm is the most frequent cause of
neck pain. Limitation of neck movements and
positive Valleix points are commonly present.
Dysfunctions of sensitivity (paresthesia, dys-

esthesia, numbness) and hyposthenia can be as-

sociated with different levels of severity.

4.3 Cervical Spine

4.3.1 Upper Segment (C0-C4)
Symptomatology is dependent upon involvement
of anatomical structures (medulla oblongata, up-
per cervical cord, lower cranial nerves, cervical
nerve roots, vessels). There are various symp-
toms and signs that can be insidious and lead to
mis-identifying the localization:

¢ Neck pain and limitation of neck motion

e Vertigo

* Basilar migraine

e Nystagmus

e Dysphagia

e Tinnitus

e Hearing loss

e Quadriparesis/paraparesis/monoparesis

* Sensory abnormalities.

4.3.2 Middle and Lower Segments
(C5-T1)

Cervical pain and muscular spasms are localized
in the posterior region of the neck.

Lesional signs are dependent upon the involved
level. Disease at the C5-C6 level causes pain in

Table 4.1 Characteristics of lumbar disk syndrome

the shoulder; external surface of the arm, fore-
arm, thumb and index finger; paresis and hypo-
trophy of the deltoid, brachial, biceps, and supi-
nator longus muscles; and reduction of bicipital
and styloradial reflexes. Lesions at the C7 level
result in pain and hypoaesthesia of the poste-
rior surface of the arm and forearm as well as
the second, third and fourth finger; paresis and
hypotrophy of the triceps, extensor muscles of
the fingers and thenar eminence; and reduction
of the tricipital reflex. The clinical aspects of
disorders at the C8-T1 level are pain and hypo-
aesthesia of the internal surface of the arm and
forearm up to fourth and fifth finger; paresis and
hypotrophy of the flexor muscles of the fingers
and hypothenar eminence; and reduction of the
cubitopronator reflex (Table 4.1).

Sublesional signs are characterized by spas-
tic paralysis of the lower and upper extremities
whose centers are below the compression; hy-
poaesthesia; and dysfunction of the bladder and
bowel.

4.4 Thoracic Spine

Diseases of the dorsal column can affect the os-
seous and the spinal compartment. Diseases of
the osseous compartment include: deformities,
arthrosis, herniated disks, traumatic fractures,
vertebral tumors, and infections. Diseases of the
spinal cord include: tumors (extradural, intra-
dural extramedullary, intramedullary), atrioven-
tricular malformations and syringomyelia. Signs
and symptoms include pain, numbness as well as
motor and sensory disturbances.

Lesional syndrome is constituted by girdle pain,
atrophic paresis of the intercostal muscles and

Pain Location Weakness Reflex Sensory Loss
L3-L4 Anterior thigh Posterior lower Patellar Medial malleolus
L4-L5 Posterior lower extremity Extensor hallicus longus, Dorsum of foot
anterior tibialis
L5-S1 Index finger, middle finger ~ Gastrocnemius Achilles Lateral foot
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suppression of abdominal reflexes that allows
identification of the lesion level. The T4 level re-
fers to a sensory deficit of the mammary region;
the T6 of the xiphoid region; the T9-T10 of the
omphalic region; and the T12 of the inguinal re-
gion. Suppression of the superior abdominal re-
flex is referred to the T7-T8 level; of the middle
abdominal reflex to the T9-T10 level; and of the
inferior abdominal reflex to the T11-T12 level.

Sublesional signs suggest spastic paraparesis,
hypoaesthesia as well as dysfunction of the blad-
der and bowel.

4.5 Lumbar Spine

The lumbosacral segment can be affected by de-
generative, traumatic, tumor-based, infectious or
psychiatric disorders. Clinical evaluation of this
tract is difficult because the vertebral levels do
not correspond to the metameric levels and the
relevant dermatomes: the spinal cord ends at the
L1-L2 level and consequently the nerve roots run
caudally, following a vertical direction down to
the neural foramina. For this reason topographic
localization of the spino-radicular impairment is
more complex. Pain remains the most relevant
symptom, followed by sensory and motor distur-
bances. In accordance with the non-correspond-
ence between the vertebral and metameric lev-
els, clinical signs can be schematized as shown
below.

Lesion of the T11 vertebra: The L1 and L2
metameres as well as the nerve roots T11, T12,
L1 and L2 are involved. The lesional syndrome is
characterized by pain and dysesthesia of the in-
guinal region as well as the antero-external thigh;
reduction of the cremasteric reflex; and hypotony
and hypotrophy of the psoas and quadriceps mus-

Table 4.2 Characteristics of cervical disk syndrome

Pain Location Weakness
C4-C5 Shoulder Deltoid
C5-C6 Upper arm, radial forearm  Biceps
C6-C7 Index finger, middle finger  Triceps

cles. Sublesional signs are spastic paraparesis
and sphincter dysfunction.

Lesion of the T12 vertebra: The L3, L4 and L5
metameres and lumbar roots are involved. The
lesional signs are pain and hypoaesthesia of the
anterior thigh and leg; hypotony and hypotro-
phy of the quadriceps and adductor muscles; and
reduction of the patellar reflex. The sublesional
syndrome is characterized by Achilles hyperre-
flexia, Babinski sign, as well as early and severe
sphincter dysfunction.

Lesion of the L1 vertebra: The S1, S2 and S3
metameres as well as lumbosacral roots are im-
paired. Clinical signs are: crural and perianal
pain; sciatica; perianal and genital dysesthesia;
motor and trophic disturbances of the crural
and sciatic area; reduction of patellar and Achil-
les reflexes; sphincter incontinence; and impo-
tence.

Lesion of the medullary sacral metameres:
This causes the conus medullaris syndrome with
sphincter incontinence as well as perianal, geni-
tal and gluteal anesthesia without motor distur-
bances.

Lesion below the L1 vertebra: The lumbosacral
nerve roots are involved. Radiculopathies are fre-
quently observed syndromes related to osteodis-
coarthrosic degenerative processes and, in par-
ticular, herniated disks and spinal stenosis. The
most widespread radiculopathies in increasing
order with corresponding symptoms are detailed

below (also see Table 4.2).

* 14 radiculopathy: pain and numbness of the
anterior thigh and medial malleolus, with
weakness of the quadriceps and resulting dif-
ficulty in knee extension. The patellar reflex
is reduced;

Reflex Sensory Loss

Shoulder
Biceps Upper arm, thumb, radial forearm
Triceps Index finger, middle finger
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* 81 radiculopathy: pain and numbness of the
posterior lower extremity, weakness of the
gastrocnemius muscle with deficit of the
plantar flexion of the foot, sensory loss of the
lateral foot, and reduction of the Achilles re-
flex;

e LS5 radiculopathy: pain of the postero-exter-
nal lower extremity, weakness of the tibialis
and the extensor hallicus longus muscles with
deficit of the dorsiflexion of the foot, sensory
loss of the dorsum of the foot, with no change
in reflexes;

* cauda equina syndrome is due to pluriradicu-
lar involvement and is characterized by flac-
cid paraparesis, bilateral absence of patellar
and Achilles reflexes, hypoaesthesia of pos-
terior-superior thighs and perineum (“saddle
anesthesia”), sphincter incontinence and im-
potence.

4.6 Summary

Clinical evaluation is extremely important for
the correct management of spinal disease. Accu-
rate documentation of medical history provides
information about potential etiology. Neurologi-
cal examination (sensory and motor examination,
reflexes) can provide information about the level
and type of lesion. Accordance between clinical
aspects and neuroradiological/neurophysiologi-

cal data will result in the correct diagnosis and
aid management planning.

Suggested Reading

Bassewitz HL, Fischgrund JS (2003) Thoracic degen-
erative disc disease. In: Vaccaro AR, Betz RR, Zeidman
SM (eds) Principles and practice of spine surgery. Mosby,
Philadelphia, p 333-345

Byrne T, Benzel E, Waxman S (2000) Clinical patho-
physiology of spinal signs and symptoms. In: Byrne T,
Benzel E, Waxman S (eds) Diseases of the spine and spi-
nal sord. Oxford University Press, Oxford, p 40-90

Hanson MR, Galvez N (2005) Neurological evalua-
tion of the cervical spine. In: Clark CR (ed) The cervical
spine, 4th edn. Lippincott Williams & Wilkins, Philadel-
phia, p 166-174

Lemma MA, Herzka AS, Tortolani PJ, Carbone JJ
(2003) Cauda equina syndrome secondary to lumbar disc
prolapse. In: Vaccaro AR, Betz RR, Zeidman SM (eds)
Principles and practice of spine surgery. Mosby, Philadel-
phia, p 347-353

Menezes AH (2006) Abnormalities of the craniocer-
vical junction. In: Fessler RG, Sekhar L (eds) Atlas of
neurosurgical techniques. Spine and peripheral nerves.
Thieme, New York, p 3—-11

Patten J (1977) Neurological differential diagnosis.
Springer-Verlag, New York

Perez-Cruet MJ, Samartzis D (2006) Lumbar degen-
erative disk disease. In: Fessler RG, Sekhar L (eds) Atlas
of neurosurgical techniques. Spine and peripheral nerves.
Thieme, New York, p 555-566

Post N, Frempong-Boadu AK (2006) Disk disease
of the thoracic and thoracolumbar spine. In: Fessler RG,
Sekhar L (eds) Atlas of neurosurgical techniques. Spine
and peripheral nerves. Thieme, New York, p 378-381



How and When to Carry Out

Spinal Biopsy
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5.1 Introduction

Spinal biopsies are carried out to obtain speci-
mens of vertebral bodies or vertebral lesions.
This provides biological samples for cytologi-
cal and histopathological analyses. Primary and
secondary tumors and infectious diseases are the
most common causes for which vertebral biopses
are required.

In the last decade, percutaneous biopsy of the
spine has replaced open biopsy. This has been
possible mainly because of: (i) a growing need
for minimally invasive procedures and (ii) the de-
velopment of diagnostic imaging methods used
to carry out percutaneous biopsies. These include
MRI, CT, fluoroscopy and ultrasonography. Sev-
eral materials have been proposed for the sam-
pling of vertebral lesions and for the therapeutic
procedures (drainages) that may be undertaken.
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Radiodiagnostic 2-3, Azienda Ospedaliero-Universitaria
Careggi, Florence, Italy
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5.2 Indications for Spinal Biopsy

As stated above, the most common situations
that necessiate a vertebral biopsy are vascular
or infectious diseases and spinal or paraspinal
tumors. Metabolic diseases also represent an
indication to carry out a biopsy, paricularly if a
differential diagnosis is necessary. These pro-
cedures are done to: discriminate the nature of
spinal or paraspinal lesions; evaluate atypical or
incidental findings; study lytic isolated vertebral
lesions without specific radiological features in
the absence of a known primary disease. In some
rare cases, a percutanous biopsy of the spine may
be essential to provide a differential diagnosis
of vascular lesions that may mimic other dis-
eases, thereby influencing the treatment strategy
and prognosis [1]. Conversely, a spinal biopsy
is frequently required in cases of osteomyelitis,
spondylitis, spondylodiscitis and other infectious
diseases. In these cases, a percutaneous approach
may be considered to be the “diagnostic gold
standard” and a therapeutic approach. The speci-
mens obtained are the object of cytological and
histological analyses and are useful to determine
the pathological agent of the infection, and prebi-
optic antibiotic exposure does not seem to influ-
ence outcome [2]. A standardized algorithm for
the optimal management of pyogenic and non-
tuberculous diskitis has not been accepted, but
the value of percutaneous disk biopsy has been
established [3-7]. It has been described as a safe,
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Fig.5.1 A transpedicular
approach under
fluoroscopic guidance:
lateral (a) and
anteroposterior (b) view

recommended, minimally invasive and accurate
procedure, with the advantage of avoidance of
diagnostic delays in these cases [8—10]. The ac-
curacy of percutaneous biopsy of the spine in the
diagnosis of tumoral lesions has been evaluated
in several series, and ranges between 72% and
95%, with higher values observed in more recent
studies (particularly with respect to malignant
tumors) [11-14]. In cases in which a vertebral
metastasis is present, percutaneous biopsy of the
vertebral spine has been shown to be a useful
tool, particularly for the evaluation of unknown
primary tumors [15]. The indication to perform
a percutaneous vertebral biopsy before treatment
in case of metabolic disease, such as osteoporo-
sis, in very controversial. Vertebral demineraliza-
tion may be identified with conventional radiol-
ogy, CT and MRI. Therefore, a percutaneous bi-
opsy is indicated only in those patients with other
suspected diseases, such as osteolytic tumors or
metastases [16]. Percutaneous biopsies of the
spine at thoracic and lumbar levels are thought to
have a significant role, but the advantages in the
sacro-coccygeal region have not been presented
thoroughly [17,18].

5.3 Imaging Methods and Devices

Diagnostic imaging (fluoroscopy, CT, MRI, ultra-
sonography) is essential for guiding spinal biop-
sies. MRI provides fast real-time monitoring (in
MRI-guided biopsies). Useful information such
as multiplanar analyses with respect to a percuta-

neous approach (even if open magnets and dedi-
cated equipment are necessary) can be obtained.
Ultrasonography also allows real-time monitoring
and multiplanar analyses, but artifacts due to bone
and air limit the acoustic window. Fluoroscopy is
particularly useful for transpedicular approaches
and is a safe approach, especially with respect to
access to the thoracic spine [19, 20] (Fig. 5.1).
However, the first-choice technique remains CT.
CT allows guidance of the percutaneous approach
in axial planes with high spatial resolution to con-
trol progression of the needle in critical regions
and reduces the risk of complications.

CT-guided vertebral biopsies are carried out in
the prone position (less frequently in the oblique
or lateral position, (Fig. 5.2). This is after having
achieved preliminary “scout scans” of 2.5-mm
thickness with a relatively small field of view to
achieve optimal visualization of the spine and to
control the needle direction (Fig. 5.3). A 0° gan-
try slope is recommended, and access should be
perpendicular to the bed to achieve latero-verte-
bral access by directing the needle in a latero-
medial direction (Fig. 5.4). In transpedicular ap-
proaches, perpendicular access is preferred. If the
biopsy is carried out in the cervical region, use of
a contrast agent for greater accuracy of vascular
structures is recommended.

A critical issue is the correct choice of needle
and devices that should be made in relation to the
type of bony lesion (osteolytitc/osteo-thickened)
to the level (cervical, dorsal, lumbar, sacral) to
the type of analysis (18-G needle for histologi-
cal biopsy; 20-22-G needle for cytological with-
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Fig. 5.2 Difterent approaches under CT guidance: oblique (a), anteroposterior (b) and lateral (c)

Fig.5.3 a CT scan, scout
image: measurement of
distance from skin surface
to the vertebral body

and to the pedicle; b CT
scan, scout image: needle
correctly directed

drawal). Trocar-like devices of different gauges
(4 mm for lumbar biopsies; 2-3 mm for cervical
and dorsal regions) should be cosidered in thick-
ened lesions, whereas Tru-Cut® devices or fine
14-20-G needles with manual or automatic de-
vices are often used.

A small cutaneous incision is made. A needle with
a guidewire is inserted and successive sleeves
containing “toothed” cannules are employed.
Clockwise and counterclockwise rotations pro-
vide satisafctory and repeatable positioning of
the needle. Vertebral biopsies usually represent
the first phase of therapeutic neuroradiologi-
cal CT-guided treatments (Figs. 5.5-5.9) such
as radiofrequency vertebroplasty (Fig. 5.10).

Some complications may occur. These could be
pneumo-hemothorax in dorsal approaches, para-
spinal hematomas, sepsis, and radiculopathies
with transitory anesthesia in cases of trauma to
nerve roots. Severe coagulopathy, drugs that in-
terfere with platelet function, epidural/intradural
extension with signs of spinal compression, se-
vere kyphosis and vertebral instability are con-
sidered to be extraordinary contraindications and
may require further investigation. However, CT-
guided biopsy is considered to be safe, accurate
and inexpensive procedure with good diagnostic
accuracy (Figs. 5.11-5.12). Patients undergoing
a vertebral biopsy should be admitted for close
observation after the procedure.
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Fig.5.4 CT scan:
percutaneous spinal biopsy
of a secondary vertebral
tumor

Fig.5.5 CT-guided multiple sampling of a secondary tumor in the vertebral body. Different positions of the needle: on
the skin surface (a), in the medial part of the vertebral body (b) and in left lateral position within the vertebral body (c)

Fig. 5.6 CT-guided approach to identify a flogistic collection in a case of spondylodiscitis. Different position of the
needle: on skin surface (a) and within the collection (b)
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Fig. 5.7 CT image showing correct positioning of the needle. Drainage of paravertebral liquid is feasible even in the
presence of orthopedic devices

Fig.5.8 CT image showing the needle position in a tumor  Fig. 5.9 CT-guided needle position in dorsal vertebral tu-
in the sacral spine mors. CT guidance allows precise and safe sampling even
in the proximity of the pleura and lung
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Fig. 5.11 MRI after surgical discectomy. A hyperintense
area on T2-weighted images inside the disk and along the
surgical approach
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Percutaneous Treatment of Cervical
and Lumbar Disks
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6.1 Introduction
Cervical pain and low back pain (LBP) with/
without radiculopathies are the most common
spinal disorders. They are the leading cause of
absence from work in “developed” countries.
Around 80% of adults suffer from LBP during
their lifetime and 55% suffer from back pain as-
sociated with radicular syndrome [1]. The most
common cause of LBP with classical irradiation
along the nerve root course is disk herniation.
The natural history of herniated disks at cer-
vical and lumbar levels has been described by
several epidemiological studies, and with corre-
lation with magnetic resonance imaging (MRI)
findings [2-5]. It is characterized by the disap-
pearance of clinical symptoms in <60% with
conservative treatment through rest for about 6
weeks as well as shrinkage of disk herniation as
revealed by computed tomography (CT) or MRI
within 8-9 months after the onset of back pain
[6-8]. It has also been demonstrated that the
mean space-occupying ratio of herniation is sig-
nificantly reduced during 2-year MRI follow-up,
with progression of degeneration of the interver-
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tebral disk and morphologic changes of lumbar
disk herniation [9]. About 88% of patients with
herniated disks have >50% reduction of the her-
nia 3-12 months after onset, with morphologic
changes of the herniated mass that are well cor-
related with clinical outcome [10].

Surgery is the first-line treatment for extrud-
ed, migrated and free-fragment herniated disks
associated with cauda-conus syndrome, progres-
sive foot droop, and hyperalgic radiculopathy.
The success rate in the short term for such treat-
ment is around 85-90% [11]. This rate drops to
around 80% in the long-term (>6 months) and is
related to failed back surgery syndrome (FBSS).
FBSS is characterized by relapse and/or hyper-
trophic scarring with severe symptoms in 20%
of cases and with real FBSS in 15% of patients
[12]. Currently, the prevelance of recurrence of
herniated disks after surgery is approximately
2-6% [13].

The approach taken by neurosurgeons has
become increasingly less aggressive. In the USA
it is estimated that, among all patients suffering
from back pain/sciatica, only 3—4% undergo sur-
gery. Patients with small or contained herniated
disks who do not derive benefit from simple med-
ical treatment can be candidates for a minimally
invasive percutaneous preocedures. The outcome
of such procedures is dependent upon the char-
acteristics of the hernia and on the selected pro-
cedure [14].
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6.2 Pathogenesis of LBP

The pathogenesis of LBP is multifactorial. It is

characterized by mechanical causes (nerve-root

compression) and by the associated inflammatory
factors [15]. The direct mechanical factors are:

» direct compression of herniated disks on spi-
nal ganglia (intra- and extraforaminal hernia-
tion);

* mechanical deformation of the posterior longi-
tudinal ligament and annulus with nociceptor
stimulation of the recurrent laryngeal nerve.
There are four main indirect mechanical fac-

tors. The first factor is ischemia due to compres-

sion of afferent arterioles and the microcirculation
of nerve bundles (with consequent anoxic demy-
elination of nerve fibers). The second is venous
stasis. The third is neural and peri-neural inflam-
mation. It plays an important part in the patho-
genesis of pain of herniated disks from cell-me-
diated inflammatory reactions to disk protrusion.

Also, herniated fragments may trigger inflamma-

tory processes with autoimmune cell-mediated

responses led by macrophages. The fourth factor
is biohumoral immunological responses due to
phospholipase A2, which produces prostaglandin

(PG)E2 and leukotrienes from arachidonic acid.

Also, matrix metalloproteinase (MMP)-1, MMP-

2, MMP-3 and MMP-9 degrade disk tissue and

increase the inflammatory reaction. In addition,

interleukin (IL)-1, IL-6 and tumor necrosis fac-
tor (TNF)-alpha cause degradation of the cellular
matrix.

In this context, the rationale for use of these
minimally invasive methods is to act upon com-
pressive mechanical factors and the inflammatory
responses to herniated disks.

6.3 Methods

Long-term follow-up studies suggest that con-
servative treatments can offer better results than
surgery. It has been reported that only one-third of
patients with lumbar pain treated conservatively
need surgery. This finding has stimulated research
into minimally invasive techniques to improve
outcome [16]. Multiple methods are available:

e automated percutaneous lumbar diskectomy
(APLD);

e percutaneous
(PLDD);

* intradiskal electrothermal therapy (IDET);

e percutaneous coblation nucleoplasty (PCN);

e decompressor percutaneous diskectomy
(DPD);

* chemodiskolysis with a mixture of oxygen
(O, and ozone (O,) with periradicular and
periganglionic infiltration;

» radiopaque gelified ethanol (Discogel®).

The basics of percutaneous diskal treatment are:
e correct and complete clinical evaluation to
distinguish radicular pain from articular facet
syndrome or piriformis syndrome, and to discern
a diskal origin from a vertebral source of pain;

* evaluation with high-quality imaging (ra-
diographs, CT, MRI) and electromyography
(EMG);

* involvement of a multidisciplinary team (in-
terventional and diagnostic neuroradiologist,
neurosurgeon, pain therapist, physiotherapist,
psychologist) working together to assess the
best treatment.

In general, these treatments offer good results
with good patient compliance and low costs.
Patients will need a short period of hospitaliza-
tion. Correct employment of these methods will
reduce the risk of complications such as infec-
tions or hypertrophic scarring, which are often
responsible for pain recurrence [12]. The aim of
all percutaneous treatments is to reduce intradis-
kal pressure to create the space required for ret-
ropulsion or digestion of the disk.

laser disk decompression

6.3.1 APLD

Hijkata et al. were the first to describe percutane-
ous diskectomy with a fenestrated probe [11]. On
the basis of this experience, in 1985 Onik et al.
[17] introduced “automated percutaneous lumbar
diskectomy” or “nucleo-diskal aspiration” using
a “nucleotome”. This instrument comprised a
pneumatic pump working with an air compressor
connected to an “aspirating-cutting™ probe with
an external diameter of 2 mm. The probe was
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Fig 6.1 Patient with left posterolateral herniated disk at the L5-S1 level being treated by percutaneous laser disk de-
compression under CT guidance (a). Post-treatment axial CT in a patient in the prone position using a posterolateral

approach (b)

introduced in the disk through a needle (diam-
eter, 2.5 mm) under fluoroscopic guidance. The
nucleus pulposus was aspirated through a lateral
window of the probe while a blade moving in a
coaxial direction in the probe destroyed it and al-
lowed it to be drained externally.

The success rate is around 70-80% (17-20)
but, if the exclusion criteria are not considered,
this drops to 49.4% [18]. Supporters of this tech-
nique believe that it carries fewer risks than per-
cutaneous laser diskectomy and IDET [20]. If the
procedure is carried out incorrectly, nerve roots
or dural tissue may be damaged. The most seri-
ous complication of this procedure is cauda equi-
na syndrome, which is characterized by “saddle
anesthesia” in the perianal region, retention of
urine/feces, urine/fecal incontinence, and bilat-
eral hyposthenia [21-22]

6.3.2 PLDD

Daniel Choy introduced percutaneous laser dis-
kectomy in the 1980s. The procedure was carried
out for the first time in Graz, Austria, in February
1986. The Food and Drug Administration (FDA)
in the USA approved its use in clinical practice
in 1991.

PLLD is carried out under local anesthesia.
It involves introducing (under fluoroscopic guid-

ance) a soft needle (caliber, 0.8 mm) inside the
nucleus pulposus of the herniated disk. The op-
erator uses a laser on the nucleus pulposus to va-
porize the water of a small part of the nucleus
pulposus to enable decompression of diskal pres-
sure.

The action of PDLL is based on the idea that
the vertebral disk is a “closed hydraulic system”
comprising the nucleus pulposus (which is made
of water) surrounded by a fibrous annulus. The
increasing water content of the nucleus pulposus
causes a disproportionate increase in the intradis-
kal pressure [23] (Fig. 6.1).

The power of the single laser pulse, the num-
ber of pulses, the intervals among each pulse and
the total power allocated must be individualized
for each patient [24].

PDLL has been quoted as being successful in
75-87% of cases [25-28].

However, the high temperature created by the
laser can cause pain and spasms in patients after
surgery, and is responsible for a high prevalence
of complications (26). Septic and aseptic disci-
tis is the most common complication, and causes
recurrence in 0—1.2% of cases [26-29]. Aseptic
diskitis is caused by the action of the laser on
the disk and on the adjacent vertebral plate, but
studies evaluating the efficacy and safety of one
type of laser compared with another are lacking
[31-33].
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6.3.3 IDET

IDET is a minimally invasive method for the ther-
apy of LBP of diskal origin invented by Saal et al.
in 1997. It is indicated in percutaneous treatment
of bulging or contained herniated disks. It acts
on the posterior aspect of the fibrous annulus and
not on the nucleus pulposus as in other methods.

IDET involves introducing a needle (under
fluoroscopic guidance) into the intervertebral
disk to be treated. Through the needle, an elec-
trothermic flexible catheter is introduced around
the periphery between the nucleus pulposus
and annulus. The tip of the catheter has a resist-
ance that, once placed near the posterior margin
of the annulus, is warmed at 90° for 16—17 min
and is then removed (Fig. 6.2). It is believed
that warming of the fibrous annulus reduces the
symptoms and stabilizes the diskal lesion through:
reorganization of the collagen fibers; strengthen-
ing of the disk; the ablation of pain receptors [34].

The outcome of IDET is controversial [35].
Pauza at al. [36] evaluated the therapeutic effects of
IDET on pain of diskal origin in a randomized tri-
al, and showed improvement in pain symptoms in
most of the treated patients. However, at 6-month
follow-up, only 40% of patients had a reduction of
symptoms of >50%. Saal et al. [37-39] detailed
their experience with patients who underwent
IDET with a follow-up at 6, 12 and 24 months:
they reported pain resolution in 71% of cases.

In an analysis from 1998 to 2005, IDET was
shown to cause a mean reduction of pain of about
2.9 points as measured using a visual analog
scale (VAS). A mean improvement in physical
activity of 21.1 points related to the Short Form
(SF)-36, and a mean improvement in disability
of 7.0 points related to the Oswestry Disability
Index (ODS) was noted. The mean prevalence of
complications was 0.8%, and the complication
associated with the poorest prognosis and highest
prevalence was osteonecrosis [40].

6.3.4 PCN

PCN is another minimally invasive method indi-
cated for the treatment of symptomatic herniated

Fig. 6.2 Anteroposterior view under fluoroscopic control
shows the IDET catheter at the L3-L4 level after a right
posterolateral approach

(and not extruded) disks. PCN was approved for
general use in 1999.

PCN is carried out at low temperatures (50—
70°C), different from conventional radiofrequen-
cy ablation (RFA), which uses higher tempera-
tures (150-200°C) to obtain identical results in a
shorter time (2-3 min versus 15—17 min, respec-
tively). This feature leads to less invasiveness of
tissue and lower risks for patients.

RFA is done by percutaneous introduction
(under fluoroscopic guidance) of a thermal co-
agulator (Perc-D coblation Probe) into the nu-
cleus pulposus. By application of a bipolar cur-
rent on the extremity of an electrode it produces
a radiofrequency field that breaks collagen bonds
in the area it reaches. It creates “ionic plasma”
inside the nucleus comprising simple molecules
and ionized gases such as O,, hydrogen (H) and
nitric oxide (NO) that are removed through the
needle used to introduce the electrode. The heat
produced does not exceed 70°C and has a lim-
ited diffusion of 2 mm and creates a “canal” of
“thermal lesions” in the nucleus pulposus. Rotat-
ing the probe 360° six times creates six channels
of thermal lesions with rapid dehydration of the
nucleus, resulting in reduction of disk volume of
10-20%. Subsequent contraction of the collagen
fibers allows reduction of the protruded portion
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of the disk with decompression of the com-
pressed root.

The complete integrity of the fibrous annu-
lus must be guaranteed otherwise retraction will
be unsuccessful. An intervertebral disk is like
a closed hydraulic system in which removal of
even a small amount of material causes a con-
siderable decrease in internal hydraulic pressure.
Results obtained from controlled trials have re-
ported resolution of pain symptoms in 70% of
cases with duration of pain relief of 26 months.

The risk of complications is very low. Com-
plications such as diskitis and perforation of the
anterior disk caused by the probe, as well as cau-
da equina syndrome have been reported [41-44].

PCN has been extended to the treatment of
cervical disk protrusion. Bonaldi et al. stud-
ied outcome in 55 patients affected by herni-
ated disks. They reported good or excellent out-
come with regard to the symptoms of nerve-root
compression and myelopathy in 80% of cases at
2—6 months, with an incidence of diskitis of 1 in
55 [45].

6.3.5 DPD

An improvement in diskectomy has been ob-
tained with the introduction of decompressor
probes (diameter, 1.5 mm) that allow removal
of the nucleus pulposus of intervertebral disks
through tiny canals. DPD can be carried out with
CT or fluoroscopic guidance under local anes-
thesia. The decompressor probe is introduced
through the coaxial trocar that, with continuing
movement like a “screw”, is inserted in the nu-
cleus pulposus. After switching on the rotating
engine, the radiologist moves the probe back and
forth. The tissue removed from the herniated nu-
cleus pulposus goes up through the probe and it
is expelled externally (Fig. 6.3). DPD is complete
if there is no more material to be extracted or if
the radiologist feels satisfactory decompression
has obtained.

DPD was introduced by Kennet Robert and
offers several advantages:
» the caliber of the probe is only 16 G with a

diameter of 1.5 mm. This reduces the risk of

damaging the longitudinal posterior ligament

and the annulus;

* the probe and the trocar can be curved manu-
ally in a difficult approach is envisioned;

* the rotation system of the probe allows as-
piration of the nucleus not only in cases of
central or paramedian herniation but also in
cases of foraminal and extraforaminal herni-
ated disks. Decompressing the intraforaminal
hernia with no risk of root damage is there-
fore achievable.

Removal of a small amount of disk material
results in a significant decrease in pressure on the
peripheral portion of the disk. A reduction in pain
symptoms of >70% among 70-72% of patients
treated with DPD has been reported [46—47].
The location of the hernia is, however, the most
important parameter for the efficacy of therapy.
The reduction of symptoms is >70% in 79% of
foraminal posterolateral or extraforaminal her-
nias. Similar results can be obtained in only 50%
of patients with middle-posterior hernias [48].
Complications such as broken probes have been
reported [49] (the probe can break in proximal
and caudal directions).

6.3.6 Chemodiskolysis

Chemodiskolysis using a mixture of O, and O, as
well as periradicular and perigangliar infiltrations
is a recently introduced percutaneous method for
treating herniated disks that is widespread in Eu-
rope (especially Italy, Germany, Spain).

O3 is an unstable, colorless, irritating gas with
a thorny smell as well as antiseptic, disinfectant
and anti-viral properties. It is prepared and used
in real time, transforming a small percentage of
O, to O,~0, by the use of special generators. The
0O,-0, mixture is injected into the intradiskal
space (3—4 mL) and the foramen (10 mL). The
administrated dose for treating the disk is 30-40
uL; this is the best concentration to dehydrate the
nucleus as well as to reduce inflammation and the
risk of complications according to experimental
studies [50]. The rationale for this treatment is
that the pain is due to mechanical compression
on the nerve root with associated inflammatory
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Fig. 6.3 The decompressor percutaneous diskectomy system under CT guidance (a) Removal of tissue from the herni-
ated nucleus pulposus through the Dekompressor probe (b and c¢)

changes in peri-gangliar and peri-radicular spac-
es [51-52].

Chemodiskolysis can be carried out under
fluoroscopic or CT guidance. Under the latter,
better evaluation of gas distribution is possible,
with intradiskal and perigangliar diffusion; intra-
and extraforaminal injection is suggested for a
mildly compressed, highly inflamed root.

After CT shows the disk level, a needle (18—
20 G) is inserted into the nucleus pulposus using
an oblique paravertebral approach by targeting
the specific disk space (Fig. 6.4). Sometimes,
for anatomical reasons, the “classic” oblique ap-
proach can be difficult (especially at the L5-S1
level). Hence, further inclination of the needle
of 30° in a cranio-caudal direction is needed to
reach the specific disk space. If this approach re-
mains difficult, a translaminar medial approach
should be used without fear of crossing the dural
sac to reach the vertebral disk (Fig. 6.5).

Once the needle has been positioned in the
center of the disk, the gas mixture is injected
slowly into the nucleus pulposus, then into the
epidural and intraforaminal spaces using a local
anti-inflammatory effect.

Different from other percutaneous methods,
infiltration of a mixture of O,-O, can be under-
taken safely at the cervical level with some differ-
ences compared with that at the lumbar level. The
indications are very restricted and selective. Only
a soft herniated disk without calcified elements, a
central spinal stenosis or lateral foraminal steno-
sis can be treated. Symptomatic herniated disks
with important motor deficits in the upper limb

are contraindicated, and surgery is indicated. Pre-

treatment imaging (CT, MRI, EMG) is recom-

mended. Then, for treatment at the cervical level,
there are technical differences:

e the needle used for treatment at the cervical
level is thinner and smaller than the one used
at the lumbar level;

* chemodiskolysis is done with the patient in
the supine position and can be carried out un-
der CT or fluoroscopic guidance;

* chemodiskolysis is undertaken with a right
anterolateral approach with manual alteration
of the carotid axis (Fig. 6.6);

* the amount of the O,-O, mixture used at the
cervical level is less than that used at the lum-
bar level: only 1-2 cm? is injected into cervi-
cal disks;

* chemodiskolysis is not associated with injec-
tion of anesthetic drugs (so as to avoid breath-
ing disturbances);

* as for the lumbar level, a periforaminal injec-
tion of corticosteroid may be associated.

The mechanisms of action of the O,~O, mix-

ture are being investigated and include [53]:

* anti-inflammatory effects due to oxidative ac-
tions on the chemical mediators of pain;

e improvement in capillary blood perfusion,
resolution of venous stasis with better tissue
oxygenation in the site of compression, as
well as reduction of ischemic pain and root
edema;

» direct actions through oxygenation.

If O,~O, moves into cerebrospinal fluid (CSF)
or the subarachnoid space, it does not damage
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Fig. 6.4 Axial CT during intradiskal infiltration of an O,-O, mixture at the L4-L5 level using a left posterolateral ap-
proach in a patient in the prone position shows good positioning of the needle in the center of the disk (a). Final axial
CT shows gas distribution in the center of the disk and periganglial space (b)

Fig. 6.5 Sagittal and axial
T2-weighted MRI show left
posterolateral herniated disks at
the L5-S1 level (a and b). Axial
CT during intradiskal infiltration
of an O,~O, mixture using a

left translaminar approach in

a patient in the prone position
shows the needle position in the
disk (c)

structures, as reported by Tian et al. in an experi-
mental study on pigs using high doses of O, [54].
Experimental studies have demonstrated an O,~
O, mixture at a concentration used for intradiskal
injection produces the same results upon the pro-
duction of steroids and cytokines, and so reduces
pain [55]. The therapeutic efficacy of an O,-O,
mixture in the treatment of root—disk conflict
from herniated disks is largely known. Reports of
a success rate of 70-80% without complications
in randomized studies evaluating conservative
treatment versus treatment with a O,~O, mixture

have been documented. Early or late neurological
or infectious complications have not been report-
ed after injection with an O,~O, mixture [55-65].

6.3.7 Discogel

Discogel is a sterile viscous solution containing
ethyl alcohol and cellulose derivative products
added to a radiopaque element (tungsten). It is in-
jected into the vertebral disk and relieves LBP as
well as radicular and lumbar—radicular pain. The
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96%-pure ethyl alcohol produces local necrosis
of the nucleus pulposus. Its action is mechanical
via dehydration of the turgescent and protruding
disk (which compresses the peripheral nerves of
the rachis and causes extreme pain). Discogel is
injected into the nucleus pulposus under imaging
(CT or fluoroscopy) with a postlateral approach
for thoracic or lumbar levels and an anterolateral
approach for the cervical level.

In general, a small (18 G) needle is used for
thoracic and lumbar levels, whereas a 20-G nee-
dle is employed for the cervical level. The quan-
tity of Discogel injected varies according to the
dimension of the disk and extent of the hernia.
In general: 0.2 mL is injected for cervical disks;
0.3-0.5 mL for thoracic disks; and 0.6-0.8 mL
for lumbar disks.

At the beginning of the injection, the patient

Fig. 6.6 Sagittal T2-weighted MRI shows a herniated
disk at the C5-C6 level (a). Axial CT during intradiskal
infiltration of an O,~O, mixture using a right anterolateral
approach in a patient in the supine position shows the
position of the needle in the disk (b)

may experience a transitional “scalding” sensa-
tion at the injection site which disappears during
the course of the injection. To minimize this risk,
Discogel must be injected very slowly. Once it
has been injected, the needle is left for 2 min be-
fore being withdrawn.

The viscosity of Discogel is dependent upon
the temperature. Avoidance of administration of
Discogel that is warmer than room temperature
is important because the gel becomes more liquid
and is below its optimum viscosity. To increase
its viscosity, Discogel can be refrigerated imme-
diately before injection (Fig. 6.7).

Discogel is not indicated in pregnancy, for
patients known to be allergic to any one of the
components, or for patients in severe depression
(or any other condition making the interpretation
of pain difficult).
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Fig.6.7 Axial CT after
infiltration of Discogel® at
the L3-L4 level shows the
distribution of radiopaque
gelified ethanol in the
center of the disk (a) and
a herniated canal in the
disk (b)

Experimental studies using Discogel on pigs
demonstrated that it does not produce morpho-
logical/structural changes when in contact with
nerves or muscles. No tissue alteration was
found. However, some inflammatory cells (lym-
phocytes, monocytes) and venous stasis with
some granular material colored black by he-
matoxylin & eosin staining (tungsten) in para-
vertebral, muscular and connective tissue were
observed. The nucleus pulposus, disk, chondro-
mixoid fibromas and root ganglia were normal,
without morphological/structural changes in
nuclear tissue and the annulus in contact with
Discogel [66]. Successful outcome in 89-91%
of cases without minor or major complications
has been reported [67—69].

6.3.8 Patient Selection: Indications
and Contraindications

The selection of patients undergoing minimally
invasive treatments is the most important factor
for the success of the methods described above.
This is primarily because they are alternative
treatments to classical surgery, which has already
been standardized by guidelines validated by in-
ternational surgical associations. In general, the
exclusion criteria are:

¢ extruded herniated disks;

» free herniated fragments;

» recent infection of disks or vertebral bodies;
* progressive motor deficits in the arms and feet;
e conus-cauda syndrome;

* hyperalgic sciatica.

The last three conditions are absolute indica-
tions for surgery. Failure in IDET treatment may
be due to obesity, wide herniated disks, signifi-
cant reduction of intradiskal space and a complex
syndrome dependent upon three or more diskal
spaces. Chemodiskolysis using a mixture of O,
and O, has the advantage of having no absolute
contraindications

The best results are reported for small and
medium-sized herniations with a normal spi-
nal canal without calcifications. Prognostic fac-
tors for an unsuccessful outcome are: a calcified
herniated disk; a high grade of spinal stenosis;
a small descending herniated disk in the lateral
spinal recess; FBSS; and recurring herniation.

The clinical criteria are LBP and sciatica re-
sistant to conservative medical therapy, physical
therapy and others manipulations (e.g., needle
puncture for >2-3 months). For IDET, the indica-
tion is for patients with LBP without root-com-
pression symptoms and resistance to pharmaco-
logical therapy and physiotherapy for >6 months.

With respect to neurological criteria, pares-
thesia or hypoesthesia over the dermatome in-
volved, as well as weakness and signs of root-
ganglion irritation, must be considered. Another
important criterion is psychological. It is impor-
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tant to understand if the pain is real or is an ex-

pression of psychological disturbances. Also, one

must ascertain if the patient wishes to cooperate
and undergo subsequent physiotherapy with pos-
tural and motor rehabilitation.

With regard to neuroradiological criteria, one
must consider (using CT and MRI):

* evidence of small and medium-sized herni-
ated disks correlating with symptoms with
or without degenerative disk/vertebral dis-
ease complicated by changes in intervertebral
disks (protrusion, herniation);

* pain evoked by low-pressure injection of con-
trast in the compromised disk during IDET,
nucleoplasty and APLD;

e residual surgical (micro)diskectomy with
herniation recurrence and/or hypertrophic fi-
brous scarring.

DPD is indicated for central and posterolater-
al herniated disks as well as for cases of forami-
nal and extraforaminal herniation. Chemodiskol-
ysis using a mixture of O, and O, seems to more
useful, easier to undertake, and less traumatic
than the other methods. It is also useful in pa-
tients with: FBSS (because O, is effective against
chronic inflammation and venous stasis); large or
free fragments without significant symptoms.

6.3.9 Choice of Imaging Guidance:
CT or Fluoroscopy?

All the methods described in this chapter require
imaging support, whether it be CT or fluoros-
copy. The choice is dependent upon the operator
and equipment availability.

IDET, nucleoplasty and APLD are under-
taken using fluoroscopy, whereas therapy using
0,-O, mixtures is under CT. This choice allows
the radiologist to evaluate the presence of a
bowel segment behind the muscle psoas; an ab-
solute contraindication for treatment and intra-
diskal gas distribution. If the hernia is contained,
PLDD under fluoroscopic guidance is possible
by releasing laser energy at the center and pos-
terior portion of the vertebral disk. If the hernia
is not contained but is connected to the interver-
tebral disk, it is better to carry out PLDD under

CT guidance to better assess the connection be-
tween the disk and hernia. In this way, the laser
energy can be released along multiple sites of
the herniated disk, resulting in better vaporiza-
tion and greater retraction of the hernia with root
decompression and symptom resolution. PLDD
can be done under CT or fluoroscopic guidance
without limitations to the procedure. APLD and
IDET require previous diskography to obtain
better evaluation of the: contained hernia; disk
compression; disk pressure. For therapy using
O,-O, mixtures, diskography is not required
because it does not provide diagnostic informa-
tion. CT guidance allows the operator to avoid
intradiskal administration of contrast that even at
low doses reduces O, absorption and causes ob-
struction to intraforaminal injection of the O,-O,
mixture.

6.4  Conclusions

Percutaneous methods can be good alternatives
to surgery for herniated disks for patients affect-
ed by LBP and sciatica. Each method has a low
prevalence of complications and is relatively easy
to undertake. The duration of hospitalization is
quite short and surgery is possible if the percuta-
neous procedure is unsuccessful.

Of all the percutaneous methods described
here, chemodiskolysis with O,-O, mixtures and
periradicular and periganglionic infiltration elic-
its the best therapeutic results, has the lowest
prevalence of complications, and is the least ex-
pensive. Surgery is indicated in emergency cases
of conus-cauda syndrome, progressive neuro-
logic deficits, hyperalgic sciatica, and upper-arm
radiculopathy.
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Treatment of Facet Joints

Stefano Marcia, Salvatore Masala,
Mariangela Marras and Alberto Cauli

7.1 Introduction

Lumbar zygapophysial joints are also called
“facet joints”. They are often cause of chronic
back pain because of rich innervation of the ar-
ticular structures. In 1933, Ghormley named the
spectrum of symptoms arising from its patho-
logical involvement as “facet joint syndrome”
(FCS). FCS represents <15% of chronic pain
in the lower back. It is characterized by joint
pain which is usually insidious in its onset and
which may derive from almost any structure in
the zygapophysial joints (fibrous capsule, syno-
vial membrane, hyaline cartilage, tendons, bone)
due to mechanical or inflammatory stimulation
of nociceptors. Standard treatments for pain in
lumbar facet joints are mainly intra-articular in-
jections of corticosteroids and radiofrequency
denervation (RFD) of the medial branches which
innervate the zygapophysial joint. We review
here the anatomy and physiology of the lumbar
zygapophysial joints as well as diagnostic tools
and treatments.
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7.2 Anatomy

Lumbar zygapophysial joints connect posteri-
ously the vertebral arch of adjacent vertebrae.
They present hyaline cartilage surfaces, a syno-
vial membrane and a fibrous capsule. Their main
function is to support and protect intervertebral
disks from loads and to limit vertebral move-
ment. In the cervical spine, the articular rim is
oriented to the coronal plane at 30°-45° with re-
spect to the horizontal plane. In the dorsal tract
the angle is 60°, whereas at the lumbar level
the articular rims are sagittal and oblique. Con-
stitutional asymmetry in the orientation of the
articular surfaces may predispose to osteoarthri-
tis. Each facet joint is innervated by two medial
branches arising from the posterior primary rami
of the same level and from one level above the
zygapophysial joint [1,2]. According to this rule,
the inferior articular surface of the L4-L5 facet
joint is innervated by the L4 medial branch, and
its superior articular surface is innervated by the
L3 medial branch. The medial branches of L1-
L4 dorsal rami run from their respective trans-
verse processes to one level below through the
inter-transverse ligament. Each nerve then runs
downward, dividing into multiple branches as it
crosses the vertebral lamina (Fig. 7.1) [3-5]. The
L5 nerve differs because it is the dorsal ramus
itself that runs along the sacral ala, whereas its
medial branch arises opposite the infero-lateral
corner of the lowest facet joint. This anatomical
difference must be considered if treating disor-

81

DOI 10.1007/978-88-470-2790-9_7, © Springer-Verlag Italia 2013



82

S.Marcia et al.

Fig.7.1 The medial branch runs downward between trans-
verse and articular processes. It then splits into two articu-
lar branches: the superior for the inferior articular process,
and the inferior for the superior articular process of the
same vertebra

ders at this level because the dorsal ramus itself
rather than its medial branch has to be the target
of the therapeutic intervention.

Patient Selection for
Percutaneous Procedures

7.3

Lumbar FCS is a classical indication for inter-
ventional procedures on zygapophysial joints.
The syndrome has a high incidence in the elderly
because it is frequently caused by osteoarthritic
degenerative lesions secondary to abnormal ar-
ticular load or to repetitive stress injury. Less
frequently, FCS is associated with synovitis and
joint effusion (due to non-specific inflammation
or after trauma); entrapment of meniscal struc-
tures; synovial impingement; articular subluxa-
tion; chondromalacia; mechanical trauma to joint
capsules; or compression. Sometimes, lumbar
pain resembling FCS may be associated with in-
stability of the posterior arch.

This syndrome is not easy to diagnose because
of its similarity to other painful spinal conditions
and, above all, because lumbar pain is, in general,
multifactorial in origin. The most common symp-
tom is median lumbar pain, which may be irradi-
ated to gluteal regions and posteriously in a tight,

imprecise dermatomeric distribution. In general,
it does not irradiate to the inferior limb below the
knee. The pain is usually worst in the morning
and after rest, worsening also after hyperexten-
sion and torsion movements to the involved side.
Neurological examination and electromyogra-
phy are usually normal. In some patients, para-
articular synovial cysts are detected, and they can
determine radicular compression. In these cases,
aspiration under CT guidance is recommended.
Patients with disease in cervical facet joints com-
plain of paravertebral pain which worsens with
twisting movements and which may radiate to the
shoulder and cause headaches.

Classically, radiography reveals degenerative
changes and limitations in the range of flexion/
extension. CT and MRI can be used to detect
spondylitis and asymmetry in orientation of the
articular rim (if present). In subjects with pain ex-
acerbation, MRI may show joint effusion (espe-
cially in patients with joint instability) and bone
edema. Paramagnetic contrast enhancement may
show uptake not only in the involved joints but
also in the surrounding soft tissue. In patients
with lumbar pain and joint instability, MRI un-
dertaken with the patient in the standing position
may reveal joint subluxation and/or join effusion
(Fig. 7.2).

The clinical picture, together with imaging
data, will lead to the correct diagnosis. In difficult
cases, a diagnostic anesthetic nerve block may be
needed. In most cases, anesthetic injections are
given to alleviate pain (and may be repeated if
the pain is persistent). Medial branch neurotomy
is reserved for patients with chronic pain derived
from facet joints to achieve long-lasting anal-
gesia. This procedure follows a positive diag-
nostic block [5]. Contraindications are rare, but
can include hypersensitivity to the medication,
coagulation disorders or local infections. Rela-
tive contraindications include hypersensitivity to
corticosteroids or iodine contrast (which can be
avoided in most cases).

Injections are administered in Outpatient Clin-
ics or in Day Surgery Centers under local anesthe-
sia; specific preparations for patients are not need-
ed. Neurolytic procedures may require sedation
and therefore should be carried out in hospital.
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Fig.7.2 MRI after
administration of
gadolinium contrast agent
shows enhancement in the
right facet joint and closer
soft tissues (arrows)

7.4 Diagnostic Blocks

Nerve block tests can be done by injection of 1
mL of lidocaine in the tender joint. Pain relief
in two repeated blocks (1 week apart) is consid-
ered to be a good prognostic factor for successful
RFD. Numerous guidelines and reviews have as-
serted that diagnostic blocks are very important
for the diagnosis of facet-related pain [6—8] even
though false-positive [9, 10] and false-negative
blocks have been described [10, 11].

7.5 Corticosteroid Injections

The use of intra-articular corticosteroid injections
to treat facet-related pain is controversial. Injec-
tions into facet joints can be done under guidance
by fluoroscopy or CT. The C-arm has to be posi-
tioned approximately 30—40° on the side of the
target joint; this ensures that the X-ray beam is
perpendicular to the zygapophysial joint. A 25-G
needle is introduced to the lower part of the ar-
ticular rim (where the synovial recess is wider).
Injection of contrast agent (0.1-0.3 mL) into the
joint is done to assess the position of the needle.
Then 1-2 mL of a solution of corticosteroid and
local anaesthetic can be injected. To avoid rup-
ture of the joint capsule, <2 mL of this solution
is injected. An para-articular injection can be car-
ried out and, in such cases, a higher volume of
solution can be injected. However, similar results

between intra- and para-articular injections have
been demonstrated in the literature. Under CT
or fluoroscopic guidance, facet joints can be ap-
proached readily for corticosteroid injections.

7.6 RFD

RFD is carried out as day surgery under CT or
fluoroscopic guidance. The patient lies in the prone
position. The oblique view under fluoroscopic
guidance allows good visualization of the target
point for needle positioning: the groove between
the transverse and articular process (Fig. 7.3).

Fig. 7.3 Oblique view: red circles show the correct point
to introduce the exposed tip of the needle: between the
transverse and articular process
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At that site lies the medial arm of the dorsal
branch of the spinal nerve before it splits into the
two terminal nerves, which allows positioning of
the needle parallel to the nerve in the optimal po-
sition (Fig. 7.4a—c). Because of anatomical differ-
ences, for L5 nerves the dorsal ramus rather than
its medial branch is approached on the ala of the
sacrum just lateral to the articular process, as dis-
cussed above (Fig. 7.5a and b).

One milliliter of lidocaine is administered per-
cutaneously before introduction of a 22-G needle
of length 10 cm with a 10-mm exposed tip. When
the needle is in the appropriate position (as as-

Fig. 7.4 Correct positioning of the needle under fluoro-
scopic guidance using the oblique (a), anteroposterior (b)
and laterolateral (c) views: in the groove as parallel as
possible to the nerve

sessed by anteroposterior and laterolateral views
under fluoroscopic guidance) the electrode is in-
troduced. Impedance values of 350-800 Q sug-
gest correct positioning of the needle. To confirm
proximity to the medial branch, sensorial stimu-
lation tests are done (50 Hz and 0.2-0.7 V) to
reproduce the typical pain the patient would feel.
Motor stimulation tests (2 Hz, 1 V) are also done
to avoid motor lesions. Then, without moving the
electrode needle, the nerve is ablated by heating
to 90°C for 60 s. Thermoablation is then done on
the medial branch of the contiguous level accord-
ing to the neuroanatomy. In the case of two close
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Fig.7.5 Correct positioning of the electrode needle for the L5 nerve is on the ala of the sacrum, just lateral to the articu-

lar process, as showed in AP (a) and LL (b) view

joints, three levels must be treated. Some newer
radiofrequency machines allow simultaneous ab-
lation of four branches. After the procedure, pa-
tients are monitored for 2 h in hospital and then
discharged.

7.7 Complications

Serious side effects after procedures on facet
joints (intra-articular injections, diagnostic
blocks, RFD) are extremely rare. Adverse effects
to the metabolism and endocrine effects due to
corticoteroid depots have not been investigated
but are considered to be very rare. Nevertheless,
suppression of the hypothalamic—pituitary—ad-
renal axis must be considered, as must impaired
insulin sensitivity causing elevated glucose levels
[11]. A possible complication of intra-articular
injection is infection. Although very rare, septic
arthritis, epidural abscess and meningitis have
been reported after injections into facet joints
[12, 13]. Anecdotal reports of spinal anesthesia
and headache have also been published [14].
Among the possible side effects of RFD, we must
consider numbness and/or dysesthesia (although

they tend to be transient and self-limiting) [15].
Burning sensations are rare with radiofrequency
procedures, and may result from electrical faults
or equipment malfunction [16]. The commonest
adverse reaction after RFD of facet joints is neu-
ritis, and has a reported prevalence of <5% [17].
Administration of corticosteroid or pentoxifyl-
line has been reported to reduce the occurrence
of post-procedure pain [18].

7.8 Follow-up

Corticosteroid injection of the zygapophysial
joints is, in general, successful and induces short-
term pain relief. This is followed by a relapse
of symptoms in an average of 50% of treated
patients at 6-month follow-up. Post-procedure
beneficial effects have been reported in 60-90%
of patients, and long-term effects in 30-50% of
treated patients. RFD in patients with a positive
response to at least a nerve block test is, in gen-
eral, followed by a prolonged therapeutic effect
as pain relief and function improvement [19, 20].
Nevertheless, data are conflicting and less suc-
cessful results have also been reported.
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Epidural and Sacral Spinal Injections

Massimo Gallucci and Federico D'Orazio

8.1 Epidural Injections

8.1.1 Anatomy of the Epidural Space

The epidural space is inside the spinal canal and
surrounds the dura (which covers the neuraxis,
dural sac and root spaces). The epidural space
contains adipose tissue, nerve structures and
blood vessels (especially veins). It is limited
posteriorly by yellow ligaments and structures
belonging to the posterior vertebral arches. Lat-
erally, the epidural space opens and continues in
the conjugation foramina. Thus, an intraforami-
nal injection also allows the intracanalar portion
of the epidural space to be reached. Each fora-
men contains a nerve root surrounded by its root
sheath and the radicular artery. In one or more
levels can be found the radiculomedullary artery,
which joins the anterior spinal artery. The epi-
dural space ends at the sacral hiatus, between the
coccyx and the posterior aspect of the sacrum.
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8.1.2 Application

An epidural corticosteroid injection can be used
to obtain relief from radicular or spinal pain. Spi-
nal pain might be caused by diskopathy, arthrosic
degeneration of the spine (thereby causing com-
pression of neural structures) or after unsuccessful
spinal surgery for disk herniation (e.g., failed back
surgery syndrome (FBSS)). Another application of
epidural interventions is the treatment of liquoral
hypotension using the “blood patch” method.

8.1.3 Indications and

Contraindications to Treatment

Radiculopathy to one or multiple levels caused
by diskopathy or degenerative stenosis of the
spinal canal is an indication for epidural cor-
ticosteroid injections. They can also be useful
for back pain secondary to spondylosis with
or without significant associated radiculopathy.
Precise clinical evaluation is essential; it has
been shown that patients with referred axial pain
not irradiating to a specific territory, myofas-
cial pain, or neurogenic claudication and severe
or worsening neurological deficits respond less
well to treatment [1]. One must evaluate if
pain might be (even partially) caused by a facet
joint syndrome, sacro-iliac dysfunction or coxo-
femoral disease. A recent CT or MRI is recom-
mended before treatment to exclude other dis-
eases and to confirm the level(s) to treat.
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Epidural injections can be performed with
several technical approaches depending on clini-
cal needs. The most commonly used type of ac-
cess (especially in anesthesia) is interlaminar pos-
terior access (which can also be carried out in a
“blind” fashion). Epidural injections executed un-
der guidance by fluoroscopy or CT are the safest
and most precise method [1]. Intraforaminal in-
jections are also used quite often. These must be
accompanied by an instrumental guide. Also, se-
lective treatment on a specific nerve root is possi-
ble, followed by diffusion of the injected drug into
the epidural space. Periradicular injections can be
for more selective treatments, and often have a di-
agnostic role. In fact, one can confirm or exclude
if symptoms are caused by the blocked nerve root
through an analgesic block. Much less used is the
caudal injection. It is carried out to gain access to
the sacral hiatus, but is poorly selective [1].

Contraindications include: uncorrectable co-
agulopathies; thrombocytopenia; use of antico-
agulative therapies; local or systemic infections;
and known allergies to the drugs to be adminis-
tered. Furthermore, the corticosteroid injection
must be avoided or undertaken with caution in
patients with diabetes mellitus or uncontrolled
glaucoma, and in the immunossuppressed. Spe-
cific pre-procedure preparations are not neces-
sary, but antibiotic prophylaxis might be needed
in case the disk is punctured accidentally during
the epidural injection [2, 3].

8.1.4 TreatmentTechniques
8.1.4.1 Approach to the Epidural Space

Interlaminar injections: The interlaminar ap-
proach is a simple and safe way of approaching
the epidural space. The metameric level is used
for treatment based on accurate clinical evalua-
tion and symptoms [1, 2].

At the lumbar level, the injection can be un-
der guidance by fluoroscopy or CT. Under fluoro-
scopic guidance, the access site in chosen on the
median line in the frontal projection. After anes-
thesia of the cutaneous, subcutaneous and mus-
cular planes, the needle is advanced to the supras-

Fig. 8.1 A spinal needle is inserted obliquely through the
interlaminar space of spinous process at the L4-L5 level
under fluoroscopic guidance (lateral view)

pinous ligament (which is perceived by operator
because of an increase in resistance). Once the
interspinous ligament is reached, the mandrel is
removed and the needle connected to a syringe
containing physiological (0.9%) saline. The nee-
dle is advanced gently through the interpinous
ligament, evaluating the magnitude of resistance
felt during the advancement. In this phase, if the
procedure is undertaken under fluoroscopic guid-
ance, the C arm is positioned in the lateral view,
to confirm the depth of the needle (Fig. 8.1). Im-
mediately after passing through the yellow liga-
ment, an appreciable loss of resistance is felt.
At this time, the position of the needle tip must
be verified, and must be extra-thecal and extra-
vascular. Thus, in the case of aspiration, neither
liquid nor blood should be in the syringe. After
confirming this, a mixture of corticosteroids
and local anesthetics (triamcinolone acetonide
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Fig. 8.2 CT showing a spinal needle being inserted
through the interlaminar space. Diffusion of ozone inside
the epidural space is also shown (yellow arrow)

40-80 mg; methylprednisolone acetate 40-80
mg; dexamethasone 4-8 mg; bethamethasone
6—-12 mg) diluted with local anesthetic (2-3 mL
of ropivacaine 2%) or physiological saline can be
injected. The volume injected should be <15 mL.
The injection is delivered in a similar way under
CT guidance. Before injecting drugs, air or ozone
can be injected to demonstrate its diffusion in the
epidural space [1] (Fig. 8.2).

For interventions at the thoracic level, keep-
ing the needle at a more cranio-caudal tilt is nec-
essary because of the different orientation of the

Fig. 8.3 A spinal
needle is inserted
across the
intervertebral foramen
to the space between
L4 and LS under
fluoroscopic guidance:
lateral view (a)

and anteroposterior
view (b)

spinous processes [1]. At the cervical level, the
procedure is more difficult and involves more
risks. Thus, it should be carried out by expert op-
erators in carefully selected patients. The proce-
dure under fluoroscopic guidance is similar to the
one described above for lumbar injections except
that there are minor differences in terms of the
resistance felt by operator when passing through
the interpinous ligaments. This is why injection
of contrast medium must be carried out before
drug administration into the epidural space. The
total volume of drugs injected must be <4-8 mL,
and the injection must be interrupted immediate-
ly in case of pain or other disorders [1].

Transforaminal injections: When transforami-
nal injections are performed under fluoroscopic
guidance (Fig. 8.3), the patient is in the prone
position and the C arm is placed in the lateral
oblique projection so that the “target foramen”
is displayed optimally. The needle is into the
oblique position so as to follow the same angle of
the C arm. One must try to introduce the needle
in the posterosuperior aspect of the foramen to
obtain better diffusion of injected drugs at per-
iradicular and epidural levels, as well as to reduce
the risk of radicular puncture. If the injection is
under CT guidance, paravertebral access is used
with the patient in the prone position. In this case,
the nerve root is displayed clearly. Also, it is eas-
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ier to avoid accidental puncture of the nerve root
(which is recognizable because of typical radicu-
lar pain) [1-3].

Periradicular injections: Lumbar periradicu-
lar injections are quite similar to their intrafo-
raminal counterparts, and are often mistakenly
confused. Under fluoroscopic guidance in the
oblique projection, the needle is directed towards
a point 2-mm cranially and 2-mm medially to the
inferior-lateral angle of the vertebral body. In this
way, drugs tend to be distributed around the nerve
root outside the conjugation foramen without en-
tering the epidural space. Usually, a volume of
3—4 mL of anethetics with 1-1.5 mL of corticos-
teroids is sufficient for each treated level [1, 2]
(Fig. 8.4).

At the cervical level, distinguishing between
intraforaminal and periradicular injections is less
relevant because they coincide. Under fluoros-
copy with an oblique projection at 45-50°, ac-
cess is anterolateral with the patient in the prone
position. The neurovascular bundle is spread
medially by the operator. Thus, the needle is di-
rected following the obliquation of the C arm to
the posterior aspect of the foramen. Frontal pro-
jection images may be acquired to check needle
depth, which is advanced until the lateral cortical
margin of the lateral mass of the chosen layer.
Contrast medium (0.5-1 mL) must be injected
before drug injection to exclude an intradural or
intravascular position of the needle [1].

Fig.8.4 CT showing
a spinal needle

being inserted at 20°
inclination, and the
injection is limited to
the perigangliar region
(a). When the angle is
increased to 45°, the
contrast medium is
spread in the peridural
space; an amount of
contrast enters the
intervertebral disk (b)

Caudal injections: Caudal access is a particu-
larly safe type of access to the epidural space. It
is found at the level of the sacral hiatus, the upper
margin of which is shaped like an inverted “U”
when observed in the frontal projection (Fig. 8.5)
The needle is inserted at a cranio-caudal angle of
45°. The needle passes through strong resistance
produced by the sacro-coccygeal ligament; this
resistance disappears when the epidural space is
entered. The needel angle is then reduced, and it
is advanced for 1 cm. After that, 10-20 mL of
a mixture of anesthetics and corticosteroids is
injected. This considerable volume is necessary
for the mixture to spread widely spread along the
sacral and lumbar nerve roots [1].

8.1.5 Potential Complications

Rarely, epidural injections can be the cause of
severe complications. In addition to allergic reac-
tions and complications due to the systemic ab-
sorption of corticosteroids, there are specific risks
linked to the procedure. Orthostatic headache due
to dural puncture can be relatively frequent (espe-
cially after interlaminar injections) but, given the
small size of the needles, it is usually transient
or resolved with conservative treatments [1]. If
epidural hypotension syndrome persists, place-
ment of an autologous blood patch at the leakage
site can be an option. If the intradural position of
the needle is not recognized, intrathecal injection
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Fig. 8.5 Caudal injection. Sacral hiatus (arrow) (a). A spinal needle is inserted at the level of the sacral hiatus under
fluoroscopic guidance (anteroposterior view) (b). The inclination and depth of the needle is checked during navigation
of the needle in the lateral view (c¢)

of corticosteroids and anesthetics may lead to se-
vere complications. Intrathecal injection of corti-
costeroids does not usually cause damage (even
though there have been reports of arachnoiditis
after injection of methylprednisolone, which is
probably related to the preservatives in the prepa-
ration [4]). Intrathecal injection of anesthetics at
lumbar or thoracic levels can cause a significant
but transient sensory or motor block. At cervical
or upper-thoracic levels, uncontrolled injection
of anesthetics can cause a complete spinal block
(which can lead to respiratory arrest) whereas a
sympathetic block can cause severe hypotension.
These complications are more frequent after in-
terlaminar rather than transforaminal injections
but, even in the latter case, intradural injection
can cause direct puncture of the root sheaths [1].
Intramedullary drug injection is very rare. In al-
most all cases it leads to toxic and ischemic dam-
age to the spinal cord, resulting in severe neuro-
logical deficits [1]. Spinal-cord ischemias caused
by injection into a radiculomedullary artery are
severe complications of epidural injections, and
are more likely after transforaminal injections.
At the cervical level, injection into the vertebral

artery is possible but carries the risk of ischemia
in the vertebrobasilar territories of the brain. To
avoid these potential complications (which are
essentially due to the intra-arterial injection of
corticosteroids), injection of a a contrast agent
before injection of the drug has been found to
be a safe procedure to control the needle posi-
tion [1]. Nevertheless, corticosteroids with a ten-
dency to form particulates pose a risk and should
be avoided in transforaminal injections, and cor-
ticosteroids that do not form particulates shoudl
be employed [4]. Epidural abscess, meningitis,
arachnoiditis, and epidural hematoma are very
rare complications but have been described. They
can be restricted to minimum with a meticulous
technique (Fig. 8.6).

8.1.6 Follow-up

Patients must be followed up to obtain good re-
sults and to evaluate if further treatments (even if
they are of different types) are needed. If infiltra-
tions are effective, patients typically have signifi-
cant clinical improvement during the subsequent
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1-3 months. After this period the treatment can
be repeated if rehabilitation does not provide suf-
ficient benefit. More than three infiltrations in 6
months should not be repeated because of the
relatively high corticosteroid dose employed [1].

8.1.7 Blood Patches

Cerebrospinal fluid (CSF) hypovolemia may
result from dural puncture, surgery, trauma, or
can be spontaneous. In the case of spontaneous
leakage, several mechanisms have been recog-
nized. These include: structural weakness of
the dura; collagenopathies (Marfan syndrome,
Ehlers—Danlos syndrome); dural dysplasia (neu-
rofibromatosis type 1); as well as periradicular
and peridural arachnoid cysts. In general, CSF

Fig.8.6 A complication of a
peridural injection undertaken
at the cervical level without
radiological guidance: cervical
epidural hematoma (a, b and
¢). The right vertebral artery is
not recognizable; it is dissected
and obstructed because of the
trauma which presumably
caused the hematoma (d)

hypovolemia more commonly affects females
aged 40-50 years [1]. When loss of CSF exceeds
CSF production, the resultant low CSF pressure
may result in traction on the dura, epidural veins,
and cranial nerves. Postural headache, nausea
and cervicalgia are common presenting symp-
toms. However, sagging of the brain can lead to
more serious complications owing to potential
compression of the diencephalon or ischemic
traction on the cranial nerves, resulting in perma-
nent neurological deficits. Coma and even death
due to spontaneous intracranial hypotension have
been reported [5]. In almost 60% of patients, CSF
hypovolemia resolves spontaneously. This is be-
cause CSF production is a continuous process
and because CSF equilibrium may be restored
with spontaneous sealing of a dural leak without
intervention [6]. However, conservative and in-
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Fig. 8.7 Autologus dural blood patch in a patient with dural fistula at the C1-C2 level. MRI (sagittal plane), T2-
weighted fat saturated turbo spin echo: evidence of leakage of cerebrospinal fluid in the posterior wall (a). Injection of
unclotted blood (b). Needle placement under CT control (¢). CT showing the injection of 10 cm?® of autologus blood
with 1 cm? of contrast medium (d). MRI (sagittal plane), T2-weighted fat saturated turbo spin echo: control showing
complete resolution of the fistula (e)

terventional therapies are available for the treat-
ment of symptomatic patients.

The procedure for an epidural blood patch
(EBP) is exactly the same as that described for
epidural corticosteroid injections, except that
autologous unclotted blood is injected. The EBP
has been shown to be successful in approximate-
ly 75% of cases [7]. The patient’s blood (7-20
mL) and 1/10 dilution of myelographic contrast
agent with 5,000 IU of sodium heparin should be
sufficient for the patch [1]. MRI can be useful to
demonstrate the site of CSF leakage (especially
if an intervention was not carried out recently).
A T2 fat-suppression sequence can be useful to
identify the level to treat (Fig. 8.7), and if one is
trying to treat CSF leakage in a “non-targeted”
fashion (i.e., injecting at the cervico-thoracic pas-
sage). This can be equally effective for treating
the leakage because of the CSF circulation in the
epidural space [1].

When carrying out at EBP, a spinal needle
is advanced to the level of the documented CSF
leakage towards the epidural space. The loss-of-
resistance technique or a syringe containing con-
trast medium are used for epidurography before
injecting blood to document correct placement

of the needle. Unclotted blood can then be in-
jected slowly through the needle. A prone posi-
tion should be maintained immediately for 22 h;
bed rest for 224 h is essential. Image-guidance
methods are very important in this intervention.
Studies have shown that if the procedure is done
“blind”, the epidural space cannot be identified in
25% of cases [8].

8.2 Sacral Injections

8.2.1 Painful Sacro-iliac Dysfunction
Low back pain can affect 80-90% of the gen-
eral population during their lifetime. In <47%
of cases it can be attributed to painful sacro-ili-
ac dysfunction. If pain is suspected to originate
from the sacro-iliac joints (SIJs), several passive
joint-mobilization tests (distraction, thigh thrust,
Gaenslen, compression, sacral thrust) are avail-
able [9]. To understand the concept of sacro-iliac
dysfunction one must comprehend the concepts
of “form closure” and ‘“force closure”, which
were expressed first by Snijders, Vleeming and
Stoeckhart [10, 11].
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a

b C

Fig. 8.8 Mechanisms of sacro-iliac joint stabilization; arrows show force lines which are involved in (a) form closure,
(b) force closure, and (c) in stabilization produced by the set of form and force closure

Form closure involves stabilizing the joint. This

is realized at the sacro-iliac level due to the fric-

tion present between the articular surfaces. This
is obtained by the effect of:

e perfect complementarity between the ridges
(sacral slope) and trenches (pelvic side) fac-
ing each other on the articular surface;

e different composition of the opposing surfac-
es (articular cartilage on the sacral side and
fibrocartilage on the iliac);

* almost perfectly vertical spatial orientation of
the articular surfaces;

» action of intrinsic and extrinsic ligaments.

Force closure contributes to dynamic stabiliza-
tion of the joint creating, at this level, an addi-
tional force of closure of the articular chain of
the pelvis. Three systems participate: (i) pas-
sive (capsule, ligaments); (ii) active (stabilizing
muscles); and (iii) control (purely neurological)
[9]. Figure 8.8 summarizes the concepts of form
closure and force closure (panel a and b, respec-
tively), and provides an overview of the effects of
their interaction at the sacro-iliac level.

There are three major frameworks of SIJ
dysfunction. They have several etiologies with
similar results for each category of dysfunction
on joint biomechanics as well as different clinical
manifestations. It is possible to distinguish three
types of dysfunction, as described below.

Postural dysfunction is due to an alteration in
the length or pattern of muscle activation. An ex-
ample of this type of pathogenetic mechanism is
the postural dysfunction of the SIJ observed in
cases of disproportion of the lower limbs.

Hypomobility dysfunction arises as a result of
microtrauma as well as degenerative or inflam-
matory processes that cause the stiffness or mal-
positioning of joints.

Instability dysfunction derives from impair-
ment of one or more elements contributing to
determine the form and/or force closure. There
is impairment of form closure in the case of the
altered morphology of the articular surfaces (sa-
cral, iliac) or the level of the facet joints of the
last lumbar vertebrae. Force closure may be com-
promized by insufficient stabilizing ligaments
or ineffective activation of lumbar/pelvic mus-
cles. Moreover, the instability can be defined as
“anatomical” (for loss of containment of passive
joint-stabilization subsystems in postoperative
or fracture outcomes) or “clinical” (for loss of
function of neuromuscular stabilization subsys-
tems) [9].

Hendrix (1979) was the first to describe a
standardized procedure of intra-articular injec-
tion of the SIJs under fluoroscopic guidance.
Until then, the origin of back pain was almost
invariably attributed to lumbar diskopathy or dis-
ease in the facet joints. Recent studies [12] have
attributed low back pain to the SIJs in 15-47% of
cases. Pain can manifest with a spectrum of in-
tensity and clinical signs that are extremely vari-
able. Rarely, there are associated neurological
signs such as paresthesia/dysesthesia, except in
cases where contracture of the piriformis muscle
(in which the sciatic nerve runs) coexists. Thus,
the sacro-iliac origin of bilateral and symmetrical
pain is a valid generic distinction which is based
on joint overload. The cause of unilateral pain is
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Fig. 8.9 Usefulness of CT guidance when undertaking
sacro-iliac injections. The complex anatomy of a sacroili-
ac joint; nevertheless, the needle is placed correctly within
the articular space (a). Changing the width and level of
the window can simultaneously allow positioning of the
needle with respect to bone (b) and soft tissues (c)

Fig. 8.10 Incorrect placement of a spinal needle as dem-
onstrated by CT in a case in which infiltration was at-
tempted initially without CT guidance

based on post-traumatic arthritis [9]. There are
several possible sites of the expression of pain:
posterior superior iliac spine; low/high lumbar
region; buttocks; groin; medial/front/side/back
of thigh; anterior, posterior and lateral leg; or the
lower abdomen. The difficulty of obtaining a dif-
ferential diagnosis between painful sciatica and
S1J dysfunction by clinical evaluation is therefore
understandable. However, using the tests of pas-
sive joint mobilization described above will aid
the differential diagnosis [9].

8.2.2 Sacro-iliac Interventional
Therapies

8.2.2.1 Intra-articular Infiltration

Over the years, joint puncture has been carried
out using three methods: blind, under fluoroscop-
ic guidance, or under CT guidance [13]. The ef-
fectiveness and convenience of conducting blind
infiltration of joints has been questioned. In cer-
tain cases, the success rate in reducing perceived
symptoms (especially when compared with pla-
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Fig.8.11 Correct positioning of the C arm to execute a sacro-iliac injection: anteroposterior view (a) and oblique anter-
oposterior view (b). After minimal obliquation of the C arm, the two surfaces can be distinguished clearly

cebo treatment) was <25% of treated patients
[14]. Furthermore, it has been estimated that
blind infiltration of joints can be used to access
the joint cavity in only 22% of cases [14]. This

Fig.8.12 Sacro-iliac injection carried out under

CT guidance using an injection of contrast media

to demonstrate correct positioning of the needle
within the articular space. The needle is first
inserted towards the articular space (a). A minimum
amount of contrast medium in injected through the
needle (b). Opacification of the articular surfaces
demonstrates access to the articular space (c¢)

success rate is too low to enable this puncture
method to be considered to be an affordable al-
ternative to CT guidance (an established method
with success rates close to 100%). We believe
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Fig.8.13 Summary of all
the possible sites of needle
placement to undertake
radiofrequency denervation
of the sacro-iliac joint (a).
A radiofrequency needle

is placed at the level of

the foramen between S1
and S2 under fluoroscopic
guidance (b). A second
needle is placed in the same
patient (c)

that the most reliable way to execute infiltration
of the SIJs is under CT guidance. In our practice,
we have been able to reach the joint space quick-
ly and without risks to patients [1, 15] (Figs.
8.9-8.12).

When injecting into the SIJs, the patient must
be in a prone position with a pillow placed under
his/her pelvis. A short CT scan is obtained with a
low-dose protocol to choose the best entry point
for each joint (in case of bilateral treatment).
Then, a landmark line can be drawn on the skin
to locate the access choosen before undertaking
a wide sterile preparation of the soft tissues over
the sacrum and buttocks. The overlying soft tis-
sues and skin are infiltrated with local anesthet-
ics, before placing a 22-G spinal needle over the
drawn line. Then, navigation of the needle tip
towards the joint space can be followed step-by-
step by acquiring low-dose, single-slice CT ac-
quisitions each time the operator wants to check
its position. Once the joint space is reached, 1 cm?
of 2% mepivacaine with 1 cm?® of triamcinolone
acetonide (40 mg/mL), followed by about 3 cm?
of a O,-O, mixture (28 pg/mL), can be injected.

8.2.2.2 Radiofrequency Denervation
Innervation of the SIJs has a high degree of het-
erogeneity in the population, with many ana-
tomical variants, several of which are considered
controversial among clinicians. There is general
agreement in attributing multiple innervation to
this articulation. For the anterior joint region, the
posterior branches of roots are included in the
section L1-S2, with possible addition of the sec-
ondary sector from the obturator nerve, the glu-
teal nerve from the top, and from the lumbosacral
trunk. For the posterior joint region, the posterior
branches of the roots are contained within the
tract L4-S3 [9].

A method of denervation through the use of
probes capable of emitting a radiofrequency
produced by an external transducer enables the
insertion of needles that can reach suitable ana-
tomical landmarks for the nerves responsible for
articular innervation. By generating local temper-
atures of around 90°C, a lesion in the branches
mentioned above is produced, with consequent
denervation of the concerned anatomical part [1]
(Fig. 8.13). The main limitation of the method is
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the anatomical data. The course of the nerves dis-
tributed in the SIJ in the population is not homo-
geneous, and not all of the branches (especially
the intra-articular branches) can be reached by
the probes. Sometimes, the joint is innervated by
branches that are distributed sporadically. This
may require re-treatment of the same patient to
search for greater analgesia, which tends to be
more durable than that observed in intra-articular
infiltration [1].

8.3 Final Suggestions

CT-guided intra-articular infiltrations are prac-
tised in all patients in our surgical unit. Compli-
cations requiring interruption of the procedure
have not been observed. The limited benefit af-
ter intra-articular infiltration reported in the lit-
erature, coupled with the limited effectiveness of
re-treatment reported by respondents, suggests
that the infiltration should not be repeated if the
patient perceives exacerbation of the disease. The
use of neurotomy by means of radiofrequencies
should be evaluated because of its longer dura-
tion of effect. Therefore, the value of CT-guided
infiltration of anti-inflammatory drugs and local
anesthetics is to identify the origin of the pain
that is supposedly arising from the SIJ and to
achieve almost immediate benefit to the patient
(which could be lower doses of drugs taken by
the systemic route). Although this benefit has
been demonstrated to be reduced over time, the
procedure does not expose patients to the signifi-
cant risk of major complications. It can therefore
be repeated if there is a recurrence of symptoms
and alternative strategies are not available. In
contrast, radiofrequency neurotomy appears jus-
tified only after a positive response to intra-artic-
ular infiltration with anesthetics, corticosteroids
and ozone. This may allow relief of longer dura-
tion, and may be a definitive solution to pain of
sacro-iliac origin.
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Vertebroplasty in Porotic Fractures

Mario Muto, Gianluigi Guarnieri, Roberto Izzo
and Alvaro Antonio Diano

9.1 Introduction

Vertebral augmentation methods are minimally
invasive and aim to reduce spinal pain in patients
with porotic fractures. This is achieved thanks
to endovertebral injection of cement that elicits
a metameric stabilization effect. Vertebroplasty
(VP) and kyphoplasty (KP) are image-guided,
percutaneous minimally invasive therapies em-
ployed to reduce spinal pain. Each method has
a different approach. VP involves metameric
injection of cement (polymethylmethacrylate,
PMMA) through a needle. KP involves inflation
of a small balloon in the vertebral body (VB) to
create a void within cancellous bone before the
delivery of cement.

The first VP was carried out by Galimbert
and Deramond in 1987. These authors treated pa-
tients with vertebral hemangioma at the C2 level.
The first KP was undertaken in the USA in 1998
in a porotic patient [1-3]. Many patients have
been treated worldwide by neuroradiologists, ra-
diologists, orthopedic surgeons, neurosurgeons,
anesthesiologists, pain therapists, and rheuma-
tologists using this method. When VP was first
employed, the indications adopted by different
specialists were not always identical (e.g., type
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of image guidance). These disparities influenced
the results of the treatment and the prevalence of
complications between centers.

Osteoporosis is the most accepted indication
of VP. Osteoporosis can be related to long-term
corticosteroid therapy or be a side effect of thera-
pies for epilepsy, gastrointestinal (GI) disorders
and renal dysfunction. The rationale of treatment
in osteoporotic fractures is to combine the anal-
gesic and vertebral stabilization effect of VP with
or without restoration of the physiological height
of the collapsed VB. This strategy can be used to
reduce deformity of the VB with resulting nor-
mal vertebral biomechanics. Hence, long-term
complications in patients with spinal pain can be
avoided. Such complications (e.g., cardiorespira-
tory dysfunction, GI insufficiency, renal insuffi-
ciency, psychological problems) can increase the
prevalence of mortality by <20% [4-6].

In 2009, two randomized clinical trials on po-
rotic vertebral fracture versus sham procedures
were published. These studies stimulated dis-
cussion, criticism and doubts about the clinical
results of VP [7, 8]. However, other randomized
controlled clinical trials confirmed the efficacy
and safety of balloon KP but also of VP versus
medical therapy [9].

The origin of pain in patients with vertebral
collapse or fracture (benign or malignant) is re-
lated primarily to the stretching of periosteal fib-
ers due to microfractures. However, it can also be
due to direct compression of nervous structures
with transmission of pain to the paravertebral
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nervous plexus through nerve ganglia and the
spinothalamic tract to the parietal cortex (the
concept of only one cortical area being respon-
sible for pain is changing with the concept of the
“pain matrix”’) [10-11].

VP is a major indication in porotic patients
with spinal pain refractory to conservative medi-
cal and physical treatment. That is, if patients are
suffering pain with analgesic therapy, they cannot
undertake physical therapy, and medical therapy
can create side effects such as confusion, exces-
sive sedation and constipation [12-16].

9.2 Mechanism of Action of VP
The mechanism of action of VP in porotic patients
is based on the principle that injection of cement
(PMMA or another type) within the collapsed
soma stabilizes the movements of the trabecular
and cortical microfractures that are responsible
for the pain. This action is related primarily to the
stretching of nerve fibers along the cortical bone.
PMMA injection compacts and stabilizes the VB,
with a consequent antalgic effect. However, the
cement injected into the VB, even though it sta-
bilizes the collapsed soma and elicits an antalgic
effect, contributes to biomechanical alterations in
the vertebral column:

* restoration of spinal alignment;

e cement injected into the VB has different in-
fluences on spinal stiffness based on different
properties and features of the cement;

e different distribution of axial loads;

* VP modifies the stiffness and failure strength
of functional spinal units (SUs), which could
increase the re-fracture rate to adjacent or dis-
tant metamers.

9.2.1 Biomechanics

In VP, the cement is injected so that it interdigi-
tates throughout the fractured VB from endplate
to endplate. In this way, the loads are transferred
from the superior vertebral endplate to the inter-
digitated cement column and then to the inferi-
or endplate. The weaker cancellous bone is not

loaded in series as it is in KP. Kim et al., in an
experimental test undertaken to understand dif-
ferences in the biomechanical behavior of the re-
sultant constructs, did not detect a significant loss
of height in VP-treated specimens during repeti-
tive loading [17].

Several biomechanical studies, undertaken
on cadaveric spine, have demonstrated that VP
with PMMA increases the load on adjacent VBs
after surgery, and authors have detailed the pos-
sibility of fracture formation because of the ri-
gidity elicited by PMMA [18-19]. According to
some authors, in the post-VP spine, there could
be an increased prevalence of failure in the adja-
cent VB to the one that has been augmented; in
such studies, the prevalence of failure has been
extremely variable [20-22]. This effect also con-
tributes to an increased prevalence of fracture
that seems to be due to altered load distributions
in which a “pillar of cement” causes an increase
in pressure within the nucleus pulposus and an
exaggerated deflection of the endplate in the ad-
jacent VB. This phenomenon could also explain
the increased risk of new fractures in case of disk
leakage (especially if it has a spike shape) [23].

Different cements influence the stiffness and
strength of functional SUs to different degrees,
resulting in a varying prevalence of re-fracture.
All cements are tested to verify resistance to axial
and torsional loads, and this capacity is measured
in megapascals (MPa). For example, PMMA ce-
ment produces a modification of compressive
strength of 100 MPa, whereas calcium phosphate
cement (CPC) produces one of 80 MPa [26].
Hence, the prevalence of fracture of the adjacent
VB after VP using CPC should be lower than that
after VP using PMMA. Conversely, the restored
strength of VBs augmented with PMMA is sig-
nificantly higher. VBs augmented with CPC are
markedly less stiff than in their original condi-
tion, and their strength is not significantly dif-
ferent from their original strength. CPC may be
superior to PMMA as a bone-filler material be-
cause, although vertebrae augmented with CPC
are subject to collapse, they are replaced gradu-
ally by new bone and subsequently obtain ad-
equate compressive strength and stiffness. This
leads to bone union with a lower risk of inducing
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new fracture of adjacent VBs than that seen with
PMMA.

Using a low-modulus PMMA cement causes
less alteration in the stiffness of the augmented
vertebrae compared with standard PMMA ce-
ment. Numerous studies have explored the bio-
mechanical effect of cement volume on vertebral
mechanics. Excessive cement filling is associated
with an increased prevalence of complications
(e.g., cement embolus, cement leakage), proba-
bly due to the high pressures generated within the
VB during augmentation. By injecting a conven-
tional bone cement of high elastic modulus into
fractured vertebrae, a greater proportion of the
load is transferred through the central augmented
trabeculae structure than would occur naturally.
Abnormal transfer of load arising from the stiff-
ening effect of the cement within the augmented
VB causes an accelerated rate of failure of the ad-
jacent vertebrae to an extent that seriously under-
mines this potentially very effective and easy in-
tervention. Finite element models have suggested
a mechanism of failure of adjacent vertebrae. In
such models, the cement in the augmented verte-
bra acts as a “pillar” that prevents endplates from
sinking into the VB, thereby increasing pressure
in the adjacent nucleus pulposus and subsequent-
ly the adjacent vertebrae [23]. Wang et al. under-
took a study on 9 fresh, four-level osteoporotic
thoracic motion segments from 6 human spinal
columns to understand the mechanism of frac-
tures of adjacent and augmented vertebrae after
VP by axial loading. In the PMMA-injected ver-
tebral specimens, three steps of fatigue loading (5
Hz for 5 h) were applied incrementally and verti-
cally from 650 N to 950 N to 1,150 N. Specimens
of intact, compressively fractured, cement-aug-
mented and post-fatigued loading were imaged
by radiography for measurement of deformations
of the vertebrae, the canal, and foramen. At the
end of fatigue loading, vertebrae were sliced for
micro-morphologic analyses. The greatest loss of
height after fatigue loading was at the posterior
region of the augmented vertebrae. In the aug-
mented vertebrae, fissures were found along the
bone—cement interface. These fissures split the
cement and the trabeculae, and propagated into
the vertebrae and endplates. The compactness ra-

tio of the trabeculae region of the adjacent cranial
vertebrae was higher than that for intact and adja-
cent caudal vertebrae. The authors attributed the
fracture of the augmented vertebrae after VP to
the initiation of fissures along the cement—bone
interface, which, in turn, may be due to uneven
deformation of the vertebrae, whereas fracture of
the adjacent cranial vertebrae was attributed to
collapse of their trabeculae [24].

General Considerations
Regarding VP

9.3

The main indications for VP are: spinal pain af-
fected by porotic fractures (Fig. 9.1); metastatic
vertebral fractures; vertebral location of multiple
myeloma; and a painful or aggressive vertebral
hemangioma. The definition of a vertebral com-
pression fracture is reduction of the vertebral
height by 20% or 4 mm [25].

Osteoporosis is treated with VP and KP. In
Europe, there are approximately 438,750 verte-
bral collapses per year (which approximates to
117 per 100,000 people) associated with osteo-
porosis. The natural history of the disease can in-
fluence quality of life (QoL), cause psychosocial
problems, and influence survival [26]. In women
aged >50 years, the incidence of vertebral col-
lapse of an osteoporotic nature has been estimat-
ed to be 26% per year with a tendency to increase
with age, reaching 40% per year in women aged
>80 years [26]. Moreover, there is evidence that
women previously affected by a first osteoporotic
vertebral collapse have a risk of developing new
fractures in the following year of about 19.2%
[26-30].

A correct diagnostic approach is very impor-
tant. Employment of a multidisciplinary team
can lead to the best results. Usually spinal pain
is focal, non-radicular and increased by digi-
tal pressing of the spinous process. The clinical
history of a patient affected by an acute porotic
fracture usually follows a pattern. That is, the
patient presents with acute pain in the thoracic
or lumbar spine. After history-taking and clinical
evaluation, medical therapy (analgesics and bed
rest) and short-term follow-up (usually 2 weeks)



102

M. Muto et al.

Fig. 9.1 72-year-old female with osteoporosis and acute back
pain resistant to medical therapy. Sagittal T1-weighted and T2-
weighted MRI show an acute vertebral fracture at the L3 level
(a and b). Left lateral and anteroposterior views under fluoro-
scopic control after VP at the L3 level show homogeneous distri-
bution of cement into the soma without venous or disk leakage

(cand d)

is recommended. If spinal pain does not lessen
within 2 weeks, the second step is radiographic
examination of the thoracic and lumbar spine,
which can show normal findings or an vertebral
abnormality. At this point (usually >4-6 weeks
after symptom onset), a third step is suggested to
patients: examination by magnetic resonance im-
aging (MRI). Sagittal T2 short-term inversion re-
covery (STIR) sequences (or any other sequences
with T2 fat suppression) are required to decide
the treatment and the number of VBs to treat. T2
STIR sequences show hyperintensity in the case
of acute fractures or non-healing of fractures and
very often can show occult fractures not visible
on standard radiographs (Fig. 9.2).

MRI must be carried out close to the date of
VP. A delay between the diagnostic examination
and VP could result in the treatment of fewer
metameric fractures due to the non-identification
of occult fractures (not visible on radiographs or
CT but visible only with MRI). This could influ-
ence the final result of percutaneous treatment.

The radiological patterns used to distinguish
between benign and malignant lesions are well
known but differential diagnoses can be difficult,
especially in vertebral fractures related to multi-
ple myeloma. In such cases, CT is also suggested
to better define the lesion, and a biopsy is essen-
tial to understand the nature of the lesion. Nev-
ertheless, patients with metastatic disease also
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Fig. 9.2 78-year-old female

with osteoporosis and acute
back pain resistant to medical
therapy. Sagittal T1-weighted
and T2-STIR MRI show an acute
vertebral fracture at the L1 level
with a hyperintense signal on
T2-STIR (a and b). The previous
VBF presents a normal bone
marrow signal (no indication to
treatment)

Table 9.1 Absolute and
relative contraindications
to vertebral cementoplasty

Absolute

Allergy to PMMA

Uncorrectable coagulopathy

Painless vertebral fracture
Relative

Local or systemic infection

Epidural or foraminal extension of soft tissue in a patient with primary or secondary
neoplasm associated with a neurological deficit (e.g., radicular or spinal-cord

symptoms)
Vertebra plana

Mixed or sclerotic secondary lesions

Disruption of the posterior wall

require CT to better define the type of secondary
lesion (lytic, mixed, sclerotic). Bone scintigra-
phy or positron emission tomography-computed
tomography (PET-CT) is also very useful. MRI
examination that shows a porotic fracture (hyper-
intensity in T2 STIR sequences related to bone-
marrow edema) in the absence of pain is not an
indication for treatment.

The absolute and relative contraindications to
VP are shown in Table 9.1 [13, 16, 31]. Vertebra
plana is not a typical and unique condition of os-
teoporosis. It can also be present in patients with
other benign or malignant diseases, including an-
eurysmal bone cysts, giant cell tumors, metasta-

sis or multiple myeloma; biopsy is often essential
in these cases. Fragmentation and retropulsion of
the posterior wall must also be looked for, and the
use of smaller needle is suggested.

Vertebral osteonecrosis with a vacuum cleft
inside due to an osteoporotic fracture (Kummel’s
disease; Fig. 9.3) is a good indication for VP.
This cavity can be filled with a greater amount
of PMMA cement that usually <20 mL for each
metamer). A second type of cleft often contains a
cystic component which is clearly visible on T2
STIR sequences; the presence of such a cleft is a
typical sign of a benign lesion.

To evaluate a “mobile fracture” associated
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with a cleft, patients must be asked to inhale and
exhale during fluoroscopy in the L-L view to as-
certain how the height of the metamer changes
during these maneuvers. An appreciable vertebral
augmentation effect can be obtained with VP, es-
pecially in cases of “vertebral mobile fracture”
(Fig. 9.4). Multiple myeloma and spinal metasta-
sis can also be treated with VP [13, 31].

The sacrum is another location for cement in-
jection (sacroplasty). Sacroplasty can be carried
out for stress porotic fractures or for neoplastic
disease. Stress fractures of the sacrum are painful
with low back pain resistant to medical therapy
and evidence at STIR T2 sequences of hyperinten-

Fig. 9.3 82-year-old male with Kummel’s disease and a
vertebral fracture at the T11 level with a cleft sign (not
shown). Anteroposterior view of fluoroscopic control af-
ter VP using a unipedicular approach and initial distribu-
tion of cement into a vertebral vacuum (a). Left lateral and
anteroposterior views under fluoroscopic control after VP
at the T11 level show homogeneous distribution of cement
into the soma without venous or disk leakage (b and c)

sity. Sometimes the fracture line can be identified
as a “H” shape (Fig. 9.5). Bone scintigraphy can
reveal intense uptake of the radionuclide tracer
in the sacrum in stress fractures. Clinical and he-
matological parameters (blood counts, prothrom-
bin time, partial thromboplastin time) should be
measured to avoid the risk of complications.

Patients on anticoagulant and anti-platelet
therapy must interrupt such treatment for >1
week before treatment or they must switch to
low-molecular-weight heparin. A bolus of wide-
spectrum antibiotics should be infused before
and during the treatment to avoid infective com-
plications.
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Fig.9.4 Left lateral view under fluoroscopic control after a unipedicular approach for VP at the L1 level (a). Left lateral
view under fluoroscopic control after VP shows good distribution of cement without venous or disk leakage as well as
good vertebral augmentation (b)

There are no absolute rules about the timing of
VP. The Percutaneous Vertebroplasty Compared
with Optimal Pain Medication Treatment (VER-
TOS) study showed that patients with vertebral
compression fractures treated with VP within a
few weeks of the acute onset of symptoms had
better results than those who had bed rest and op-
timal pain medication. However, after 6 months
it was still better to undertake VP if the patients
were in pain and if MRI showed typical T2 STIR
abnormalities. It has been shown that 2/3 of ver-
tebral porotic fractures improve clinically within
6-8 weeks of pain onset, so if pain remains after
8 weeks and abnormal MRI findings are present
then VP is indicated [32].

9.4  VPProcedure
A bilateral or unilateral transpedicular approach
under fluoroscopic guidance with the patient in
the prone position is necessary to obtain good
filling of the VB. In the unilateral approach, the
needle must reach the VB in the most central po-
sition. In the bipedicular approach, the needle
can be in a more lateral location. High-quality
fluoroscopic guidance is essential for complex
and elderly porotic cases to reduce the incidence
of side effects and complications related to mal-
positioning of the needle.

Other common approaches are the trans-
somatic, para-pedicular , trans-costo-transversal

(for the thoracic level), anterolateral (for the
cervical tract) and the trans-oral approach for
C2. Different approaches are necessary and are
related to the different anatomy of the cervical,
thoracic and lumbar tracts (with smaller pedicles
in the cervical and thoracic levels compared with
the lumbar tract). A combined CT and fluoro-
scopic approach can be useful for unusual loca-
tions such as the lower cervical-upper thoracic
spine or for sacral injection. In this way, the nee-
dle can be positioned under CT guidance while
the injection of the cement can be done under
fluoroscopy. It takes longer to carry out KP than
to carry out VP.

In general, VP can be done under local anes-
thesia or minimal neuroleptoanalgesia. Pre-pro-
cedure cardiopulmonary evaluation is necessary.
Maintaining the prone position is difficult for
most patients, so the procedure is usually carried
out in the lateral decubitus position. The volume
of 2% local anesthesia should be <20 mL to avoid
side effects such as arrhythmia and vascular dis-
turbances.

The needles employed are usually are quite
small (13 G or 15 G). The tips of the needles can
be diamond-shaped or beveled without causing
significant changes in performance. There are
no definitive rules about the numbers of meta-
mer to treat in one session, but usually <3—4 are
treated. Nevertheless, in selected cases, <10-12
metamers can be treated in the same session for
vertebral porotic fractures due to long-term cor-
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ticosteroid therapy in patients with collagenopa-
thies, Crohn’s disease, epilepsy or allergic rhini-
tis (Fig. 9.6).

Cutaneous, subcutaneous and periosteal local
anesthesia is induced. The needle is positioned
in the VB usually through a trans-pedicular ap-
proach to reach the posterior wall without going
over the medial margin of the peduncle. The me-

Fig. 9.5 79-year-old female with sacral pain resistant to
medical therapy. Coronal T2-STIR MRI shows a hyper-
intense signal (bone-marrow edema) at the right sacrum:
this is a stress porotic fracture (a). Coronal T1-weighted
MRI shows a hypointense signal at the right sacrum (b).
Axial multidetector CT shows a right porotic stress frac-
ture at the sacrum with peripheral sclerosis (c). Left lateral
and anteroposterior views under fluoroscopic control af-
ter sacroplasty show good distribution of cement into the
fractured sacrum (d and e)

dial margin of the peduncle is an absolute ana-
tomical marker to check before going through the
posterior wall of the VB to avoid damaging the
spinal canal.

The amount of cement injected into the VB
can be extremely variable: between 2 mL up
to 8-10 mL depending by the metamer to treat
(cervical, thoracic or lumbar) and the degree of
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Fig. 9.6 82-year-old female with severe osteoporosis. Sagittal T1-weighted MRI shows multiple vertebral fractures
at dorsal and lumbar levels with hypointense signals treated with VP (a). Left lateral and anteroposterior views under
fluoroscopic control after one session of multilevel VP with a unipedicular approach at dorsal and lumbar levels (b
and c). Left lateral and anteroposterior views under fluoroscopic control after one session of multilevel VP show good
distribution of cement without venous or disk leakage (d—f)

collapsed vertebrae. There are no absolute rules
about the amount of cement to be injected for
each vertebra. Cement filling should go from
the superior to the inferior endplate by passing
through the midline to guarantee the best stabi-
lizing and biomechanical effects. Sometimes this

is not possible due to subchondral sclerotic reac-
tions. However, this is not a problem because it
represents a point of strength of the ruptured ver-
tebra. Overfilling the metamer to avoid venous
and disk leakage is not necessary.

Different VP kits are available with mixing



108

M. Muto et al.

Fig. 9.7 75-year-old female with severe osteoporosis. Sagittal T2-weighted MRI shows complete collapse of the T12
level with hyperintense signals at L1 and L3 levels (a). Left lateral and anteroposterior views under fluoroscopic control
after VP at L1-L3 levels (b and ¢)

systems and cement injections based on a rotat-
ing system or a 1-mL syringe. Some companies
also have curettes to obtain bony remodeling to
enable better distribution of cement. The most
important characteristics of the cement are opac-
ity, viscosity and working time. Thanks to the
optimal opacity and viscosity of the cement,
it is possible to work safely under fluoroscopic
guidance to reduce the risk of venous leakage.
A longer working time of the cement (<27 min)
means that one does not have to worry about ce-
ment polymerization. All the vertebral cemento-
plasty techniques require constant fluoroscopic
monitoring (angiographic equipment or portable
C-arm) to ensure correct positioning of the nee-
dle and control of cement injection.

The radiation dose is an important variable
for patients and physicians alike. Hence, it is im-
portant to reduce the fluoroscopy time to protect
the patient and operator from over-exposure. Us-
ing a system that leads to an increase in the dis-
tance between the radiation source and the injec-
tion point could be an option.

Preventative VP is not accepted in all cent-
ers, and randomized controlled trials proving the
efficacy of this type of treatment are lacking. In
certain cases, a procedure to prevent new frac-
tures that is related to biomechanics (e.g., preven-
tative treatment of L3 fractures in patients with
L2 and L4 fractures (“sandwich fracture”) or at

the thoracolumbar region in which the kyphotic
angle is greater and the axial stress above or be-
low the metamer is higher) (Figs. 9.7 and 9.8) is
suggested. This procedure can also be done in
patients with collagenopathies (e.g., Takayasu
disease, Marfan’s syndrome, Crohn’s disease).
In such patients, the risk of new fractures after
the previous fracture is higher compared with pa-
tients with conventional osteoporosis [33]. With
respect to sacroplasty, 1-4 needles (13—15 G) can
be positioned under CT or fluoroscopic guidance.
Needle position and cement distribution related
to the neural sacral foramina must be checked.

Recently, new types of osteoconductive ce-
ments have become available. Bone substitutes
(e.g., Cerament™) (Fig. 9.9) and calcium tri-
glyceride (Kryptonite™) (Fig. 9.10) can also be
injected within collapsed VBs, thereby inducing
the formation of new, normal bone. These bone
substitutes comprise 60% alpha-calcium sulfate
(0-CaS) and 40% hydroxyapatite (HA). These
agents can also stabilize the fracture and elicit an
analgesic effect, with a marked improvement in
symptoms (>90% of treated patients detail pain
relief). However, these materials cannot be used
in the presence of metastasis, osteoangiomas or
Kummel’s disease [34]. Also, these osteoconduc-
tive cements are fourfold more expensive than
standard PMMA.

In the treatment of osteoporosis, VP stabiliz-
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Fig. 9.8 78-year-old female with severe osteoporosis.
Sagittal T1-weighted MRI shows acute vertebral fracture
at the L1 level with hypointense signals treated with VP
(a). Sagittal T1-weighted MRI and sagittal T2-weighted
MRI control 3 months after VP show a low signal at the
L1 level due to PMMA and a hypointense signal on T1-
weighted at the T12 level (b and ¢). Anteroposterior view e

under fluoroscopic control after VP at the L1 level with F i
a unipedicular approach at the T12 level (d). Anteropos- i
terior and left lateral (e and f) views under fluoroscopic vy
control after VP at T12 and L1 levels show good distribu- =3
tion of cement without venous or disk leakage (e and f) L 3 I_L
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Fig. 9.9 65-year-old female with severe osteoporosis due to long-term corticosteroid therapy. Sagittal T1-weighted
MRI shows multiple vertebral fractures from T12 to L5 with hypointense signals (a). All vertebral bodies from T12 to
L5 show hyperintense signals on T2-STIR MRI due to bone-marrow edema (b). Left lateral and anteroposterior views
under fluoroscopic control after one session of multilevel VP with a unipedicular approach from T12 to L5 show good
distribution of cement (Cerament™) without venous or disk leakage (c and d)

es metamers and produces good antalgic effects.
This leads to early mobilization and pain relief in
80-95% of patients, but these data are based on
different pain-evaluation scales [35, 38]. Patients
must be evaluated before and after treatment us-
ing an objective method. Many scales are avail-
able; some of which are easy to understand and
complete by the patient (e.g., visual analog scale
(VAS), Oswestry Disability Index (ODS), modi-
fied MacNab method) and some are quite diffi-
cult to understand and complete (e.g., Short Form
(SF)36, McGill pain questionnaire).

Several studies have been carried out to ana-
lyze the outcome of VP with respect to pain re-
duction, kyphotic correction, and complications
(e.g., cement leakage; disk leakage; pulmonary
embolism; new vertebral fractures to adjacent or
distant VBs). The risk of cement leakage is lower
in KP than in VP, whereas the incidence of new
vertebral fractures to adjacent or distant metam-
ers mostly related to the porotic disease [39, 40].

The long-term results are also influenced by
appropriate medical therapy after VP. Hence, co-
operating with endocrinologists and requesting
laboratory examinations are important. Another
crucial consideration regarding results in poro-
tic patients is that often we are also dealing with

other diseases such as spondylosis and osteocon-
drosis with degenerative disease also of the facets
joints and sacroiliac joints in which corticoster-
oid infiltration and radiofrequency of the facet
joints are suggested [41].

Anselmetti et al. carried out VP in 1,634 pa-
tients suffering from painful osteoporotic verte-
bral compression fractures and followed up over
a long time. VP was completed in all patients
without recognized clinical complications. They
reported a mean VAS score of 7.94 that improved
significantly to 1.12; the median ODI values of
82% before treatment decreased significantly to
6%. Before intervention, 1,279 patients wore a
brace; after VP, 1,167 (91.2%) patients did not
wear a brace. They recorded PMMA leakages in
561 (34.3%) patients. With respect to the preva-
lence of re-fracture, 1,634 patients had a verte-
bral fracture secondary to osteoporosis, and 214
(13.1%) had a new painful fracture. Of these
patients (13%), a distant fracture occurred in
36.4%, and 63.6% had a new fracture in a con-
tiguous vertebra. Among these patients, 42.7%
had a fractured vertebra below the first vertebra
treated, whereas 36.0% had a fracture at the level
above; 21.3% subsequently had fractures in lev-
els above and below the treated vertebrae [42].
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Fig.9.10 55-year-old male with a vertebral fracture at the L4 level. Sagittal T1-weighted MRI shows a vertebral fracture
at the L4 level with hypointense signals (a). Sagittal T2-STIR MRI shows the hyperintense signal due to bone-marrow
edema (b). Left lateral and anteroposterior views under fluoroscopic control after VP of the L4 treated by cement (Kryp-

tonite™) do not show venous or disk leakage (¢ and d)

Our research team carried out VP on 805
vertebral bodies in 485 patients affected by os-
teoporosis (310), metastasis (160) and vertebral
hemangioma [16, 43]. In patients treated with
VP, the success rates at 24-72 h were 90% for
osteoporotic fractures, 100% for vertebral he-
mangiomas, and 77% for metastatic fractures.
Extravertebral vascular or diskal leakage of ce-
ment occurred in 39 patients, but only 2 of them
reported radicular pain due to epidural involve-
ment. Osteoporotic patients developed new ver-
tebral fractures at adjacent levels in 25 cases and
at distal levels in 19 cases.

Kim et al. undertook VP in 159 patients af-
fected by osteoporotic compression fractures with
a follow-up for >5 years. They registered pain lev-
els according to the VAS: The VAS score fell by
4.9 from a preoperative mean of 7.0 to the perio-
perative mean value of 2.1. Forty-six percent of
patients reported a score of =5 for reduction and
maintenance of pain level. Thirty-three cases of
newly developed vertebral fracture were reported
in the VBs of 22 patients (which signified 32%
newly developed vertebral fractures) [44].

Kotwica and Saracen carried out VP in 200
patients suffering from osteoporotic vertebral
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Fig.9.11 79-year-old female with an acute vertebral porotic fracture at the T8 level. Axial CT control at the T8 level
shows endocanal leakage of cement due to an incorrect unipedicular approach (a and b)

compression fractures with a follow-up of 1-2
years. Twelve hours after VP, very significant
relief of pain was observed in 85% of patients;
this relief reached 96% on the 7th and 30th day.
The same result was noted in 92% of patients at
6 months, and in 90% of patients at 12 months.
Among the 80 patients followed up for 2 years, 3
patients reported pain recurrence and were sub-
sequently diagnosed as having new osteoporotic
fractures [45].

Tanigawa et al. treated 194 consecutive pa-
tients with 500 osteoporotic vertebral compres-
sion fractures by VP with a follow of 7 years.
The mean VAS score was 7.6 before percutane-
ous VP. It was 3.1 at 1 day, 2.3 at 1 month, 1.7
at 4 months, 1.5 at 1 year, 1.2 at 2 years, 1.0 at
3 years, 1.1 at 4 years, 0.9 at 5 years, 0.9 at 6
years, and 1.0 at 7 years after VP. They recorded
new vertebral compression fractures in 103 verte-
brae in 65 patients (33.5%), affecting 65 adjacent
vertebrae (63.1%) and 38 non-adjacent vertebrae
(36.9%). Cement leakage was seen at 213 levels
(42.6%) [46].

9.5 Complications

All procedures must be carried out with the best
technology available (digital subtraction angi-
ography or CT—fluoroscopy) to avoid minor and

major complications such as endocanal leakage
(Fig. 9.11) or venous leakage (Fig. 9.12). Intra-
muscular paravertebral hematoma is a rare com-
plication (Fig. 9.13). Complications associated
with VP and KP are listed in Table 9.2.

The first step in reducing the risk of compli-
cations is positioning of the needle and working
cannula. These procedures must be completed
with high-quality equipment with optimal ana-
tomical control. As mentioned above, the me-
dial margin of the peduncle is a very important
anatomical landmark during needle positioning.
Complications are associated with abnormal dis-
tribution of cement with disk leakage, epidural
leakage or vascular leakage but, abnormal leak-
age is often asymptomatic [13, 31]. Some type of
leakages can create only slight radicular pain or
compression of the thecal sac, whereas vascular
leakage can cause asymptomatic or symptomatic
pulmonary emboli, cerebral infarcts or heart/vas-
cular dissection. Disk leakage seems to be related
to a higher incidence of fracture to the contigu-
ous VB. To lessen the risk of complications two
major practical points must be appreciated: (i)
use a dense cement and (ii) inject slowly. A very
important anatomical landmark is the posterior
wall of the VB, which should never be passed by
cement. This is a key point to avoid endocanal ce-
ment leakage because it has very dramatic com-
plications: paraplegia or tetraplegia.
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Fig. 9.12 Left lateral and anteroposterior views under fluoroscopic
control after VP at two dorsal levels show venous and disk leakages
of cement (1 mL) (a and b)

Fig.9.13 Sagittal multidetector CT after VP at the L4 level (a). Ax-
ial CT in the thoraco-abdomen shows a complication after VP: right
posterior intramuscular hematoma (b)
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Table 9.2 Complications

Disk and venous leakage

associated with

vertebroplasty and
kyphoplasty

Pulmonary emboli
Cerebral emboli
Infection

Dural tear

Paraplegia and tetraplegia
Respiratory dysfunction

Aortic dissection with arterial emboli

Epidural hematoma
Pneumothorax

Retroperitoneal bleeding

Damage to the spinal cord and compression or rupture of nerve roots

Death

9.6

Conclusions

Vertebral augmentation methods such as VP are
safe and effective for the treatment of vertebral
compression and primary or secondary spinal tu-
mors with excellent outcomes. VP has some ad-
vantages over KP:

multi-metameric treatment can be completed
in one session for certain disorders;

specific anatomical locations (e.g., cervico-
thoracic junction, sacrum) can be treated;
vertebral clefts (cystic or vacuolated) can be
treated;

vertebral hemangiomas can be treated.

The low cost of VP compared with KP and the

need of only local anesthesia are also impor-
tant considerations when deciding which type
of vertebral cementoplasty to carry out.
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10.1 Introduction

Osteoporosis is a multifactorial skeletal disorder
characterized by reduced bone mass and deterio-
ration of the micro-architecture of bone. These
features predispose affected subjects to increased
susceptibility to fractures. According to the
World Health Organization, osteoporosis is diag-
nosed if the bone mineral density (BMD) is 2.5
standard-deviations below the mean peak value
in young adults of the same ethnicity and sex
(T-score less than —2.5). The “gold standard” for
measuring BMD is dual-energy X-ray absorp-
tiometry (DEXA). Other diagnostic modalities
include computed tomography (CT), peripheral
quantitative CT, and ultrasonography (which has
not been shown to provide additional information
about bone quality).

The adult skeleton undergoes a lifelong pro-
cess of resorption and formation (“bone remod-
eling”) in numerous localized areas called “bone
multicellular units” (BMUs). Each BMU has a
lifespan of =6—9 months, resulting in a turnover
of =10% of the entire skeleton each year. The
cells involved in the highly coordinated process
of bone turnover are osteoclasts (bone-resorbing
cells), osteoblasts (bone-forming cells), and os-

A. Colao (1)

Department of Molecular and Clinical Endocrinology
and Oncology, Federico II University of Naples,
Naples, Italy

e-mail: colao@unina.it

M. Muto (ed.), Interventional Neuroradiology of the Spine,

teocytes (mechanosensory cells). Osteoclasts are
multinucleated cells derived from pluripotential
hematopoietic cells. Osteoblasts are mononu-
clear cells derived from mesenchymal cells. The
proliferation, differentiation, and death of cells
of both lineages determine the degree of bone
remodeling. Bone remodeling is necessary to
maintain calcium homeostasis and to remove and
prevent the accumulation of bone damage. An
imbalance of bone turnover leads to osteoporosis.
It can be characterized as “high turnover” or “low
turnover”. In the former, osteoclastic activity is
increased, and resorption lacunae are deeper and
more numerous. In low-turnover osteoporosis,
osteoblasts fail to form bone during normal turn-
over of bone.

The most important consequences of osteo-
porosis are fragility fractures of the spine, hip,
and wrist. The impact is considerable: significant
pain, long-term disability, and deformity can oc-
cur. Degenerative joint alteration distal to the
fracture and sympathetic reflex dystrophy can
also occur. Medical treatment is recommended to
recover an acceptable quality of life (QoL) and
functionality, along with certain types of physi-
cal or occupational therapy. Hip fractures are less
common than vertebral fractures, but account for
most of the mortality, morbidity, and costs asso-
ciated with osteoporosis (hip fractures can lead
to long stays in rehabilitation hospitals or nursing
homes after acute care). Hip fractures can lead to
a 15% increase in mortality within the first year,
and >70% of survivors have a significant reduc-
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Table 10.1 Medical Antiresorptive
ti d f .
OPHORS approved for Bisphosphonates

porotic patients

Selective estrogen receptor modulators

Strontium ranelate

Anabolic

PTH 1-34: teriparatide
PTH 1-84

Strontium ranelate

Anti-RANKL antibody: denosumab

RANKL, receptor activator of nuclear factor-kappa B ligand; PTH, parathyroid hormone.

Table 10.2 Anti-fracture efficacy of agents

Vertebral Fractures
Alendronate
Risedronate
Ibandronate
Clodronate
Zoledronate
Strontium ranelate
Raloxifene
Denosumab
Teriparatide
PTH 1-84

+ + + + + + + o+ 4+ o+

Hip Fractures Non-vertebral Fractures
+ +

+ +

— k

- +

+ +

* +

—+

+ o+

+ proven efficacy; — no efficacy; * proven efficacy in subsets of patients by post-hoc analyses; PTH, parathyroid

hormone.

tion in ambulatory capacity, so surgical fixation
or hip replacement are usually necessary. Verte-
bral fractures are also associated with significant
morbidity. Although they can be asymptomatic
initially, they can result in height loss, kyphotic
deformity, long-term pain, as well as impaired
ambulation and balance. Once a fracture occurs,
the risk of a subsequent fragility fracture at the
most common sites is increased regardless of
BMD. Multiple vertebral fractures increase the
risk of pneumonia and death. Moreover, patients
with acquired high disability often develop de-
pression and anxiety.

The goal of therapeutic interventions is to re-
duce fracture risk in order to preserve the QoL of
patients. This aim can be achieved by reducing
bone resorption or by enhancing bone formation.
The common therapeutic options include ana-
bolic agents and antiresorptive agents. Anabolic
agents affect bone formation by increasing the
numbers of osteoblast precursors, stimulating the
maturation of osteoblasts, and augmenting the
function or survival of osteoblasts. Antiresorptive
agents affect bone strength by enhancing the pro-

grammed cell death (apoptosis) of osteoclasts.
Many agents with proven anti-fracture efficacy
are available. Bisphosphonates (BPs), hormone
replacement therapy (HRT), selective estrogen
receptor modulators (SERMs), strontium rane-
late (SR) and inhibitors of the receptor activa-
tor of nuclear factor-kappa B ligand (RANKL))
are antiresorptive agents. Analogs of parathyroid
hormone (PTH) are anabolic agents (Table 10.1).
Alendronate, risedronate, zoledronic acid, deno-
sumab and SR reduce the prevalence of vertebral
and non-vertebral and hip fractures (Table 10.2).

10.2 Antiresorptive Treatments
10.2.1 Bisphosphonates (BPs)

BPs are the first-line therapy for osteoporosis.
BPs are utilized for the treatment of several other
metabolic bone diseases characterized by altered
osteoclastic function and bone fragility (e.g., Pa-
get’s disease of bone, multiple myeloma, bone
metastasis, malignancy-related hypercalcemia).
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Table 10.3 Formulations of bisphosphonates

Drug Dosage and Route of Administration
Oral Intramuscular Intravenous
Daily Weekly Monthly
Alendronate 10 mg 70 mg
Risedronate 35 mg 150 mg
Ibandronate 150 mg 3 mg every 3 months
Clodronate 100 mg weekly or
200 mg every 14 days
Zoledronate 5 mg every 12 months

Their use has been growing steadily in the last
two decades because of the: introduction of sim-
pler dosing regimens; availability of lower-priced
generic agents; growing concerns about the safe-
ty of long-term treatment with other antiresorp-
tive approaches.

BPs inhibit osteoclastic activity. They are py-
rophosphate analogs, and the P-C-P structure acts
as a “bone hook” that enables these compounds
to bind avidly the hydroxyapatite crystals on the
bone surface (particularly at sites of active bone
remodeling). Binding potency and antiresorptive
efficacy differ among various compounds. The
side chains of the structure influence the binding
affinity (R1 side chain) and the antiresorptive po-
tency (R2 side chain); modification of these side
chains allows for of the development of various
agents. The older class of BPs includes non-ni-
trogen-containing BPs (etidronate, clodronate,
tiludronate). They inhibit osteoclastic activity by
producing toxic analogs of adenosine triphos-
phate (ATP), which cause cell death. Second-
generation BPs include nitrogen-containing BPs
(alendronate, risedronate, ibandronate, pamidro-
nate, neridronate, zoledronate). They inhibit an
enzyme called farnesyl pyrophosphate synthase
(FPPS). This results in interference with a pro-
cess called “prenylation” and the accumulation
of unprenylated small GTPases (a large family of
hydrolase enzymes that can bind and hydrolyze
guanosine triphosphate (GTP)) within the osteo-
clast. This leads to a reduced resorptive activity of
osteoclasts and accelerated apoptosis [1].

The clinical potency of nitrogen-containing
BPs is dependent upon their binding affinity to

hydroxyapatite, their electrical charge (“zeta
potential”) and their inhibition of FPPS. BPs
in common use contain one or more nitrogen
molecules in the R2 side chain. The order for
binding affinity is zoledronate > alendronate >
ibandronate > risedronate. Higher-affinity BPs
bind strongly to the bone surface for a long time
whereas lower-affinity compounds have a shorter
residence time on bone after the withdrawal of
treatment. The net result of osteoclast inhibition
is a rapid and substantial decrease in the markers
of bone turnover in association with an increase
in BMD.

Each BP has a unique profile of binding af-
finity and antiresorptive efficacy that is probably
responsible for meaningful differences in clini-
cal characteristics. These include the: speed of
onset and offset of effect; degree of reduction
of bone turnover; types of anti-fracture effect
(vertebral or non-vertebral). They can be ad-
ministered via the oral (daily, weekly, monthly),
intramuscular (weekly, monthly) or intravenous
(quarterly, yearly) routes (Table 10.3). When
taken orally, they must be taken with only water
after a prolonged fast (usually in the morning),
followed by 30-50 min nil-by-mouth to ensure
adequate absorption. Usually, <1% of an orally
administered dose of BPs is absorbed; food or
anything containing divalent cations completely
blocks their absorption. BPs do not have a sys-
temic metabolism and their half-life in plasma is
short. Fifty percent of the absorbed dose binds
to bone surfaces (mostly avidly at sites of active
remodeling); the 50% that does not bind to bone
is excreted rapidly by the kidneys. After entering
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osteoclasts, BPs cause a loss of resorptive func-
tion and accelerate apoptosis. BPs may also have
effects on osteocytes.

BPs have proven efficacy for the prevention
of bone loss due to: aging; estrogen deficiency;
glucocorticoid therapy and prevention of frac-
tures in postmenopausal osteoporosis as well as
in women and men with glucocorticoid-induced
osteoporosis. Head-to-head studies with fracture
as the primary outcome are lacking, so a direct
comparison of efficacy between several com-
pounds is not possible. However, among all BPs,
only three (alendronate, risedronate, zoledronate)
showed to reduce the risk of non-vertebral, verte-
bral and hip fractures [2].

10.2.1.1 Side Effects and Safety Profiles
of BPs

BPs offer safe and effective treatment to reduce
fracture risk at spinal, hip and non-vertebral sites.
They are well-tolerated in most patients with
osteoporosis, and the benefits of treatment out-
weigh the risks. Nevertheless, since their initial
introduction in the USA in 1995, some severe
adverse events to BPs have been documented
even when they have been prescribed and used
correctly. The side effects described include es-
ophageal cancer, atrial fibrillation, musculoskel-
etal pain, atypical fractures and osteonecrosis of
the jaw (ONJ); these appear to be rare and may
not be caused by BP use [3]. The most common
reasons for stopping therapy are gastrointestinal
side effects (dyspepsia, esophagitis, esophageal
reflux, duodenitis, gastritis, nausea).

Orally administered BPs may irritate the es-
ophagus, and should be avoided in patients who
cannot remain upright and in those with active
upper gastrointestinal symptoms, including de-
layed esophageal emptying (achalasia, severe
dysmotility). Over the past two decades, some
cases of esophageal cancer among patients re-
ceiving oral BP therapy have been reported to
the Food and Drug Administration (FDA) in the
USA. The median time from use to the diagnosis
appears to be 1-2 years. These reports lacked de-
tails about the risk factors for esophageal cancer
in patients and in the control group, which makes
the association between esophageal cancer and

BPs use quite speculative. The rationale for a
possible association between esophageal cancer
and BP use derives from evidence that this class
of medication can cause erosive esophagitis as
well as persistent mucosal abnormalities. Fur-
ther studies investigating the potential risk of
carcinogenicity are needed, but current data do
not support a cause—effect relationship between
oral administration of BPs and esophageal carci-
noma.

Approximately 40% of patients receiving
their first intravenous dose or monthly oral dose
of nitrogen-containing BPs experience an acute
phase reaction (APR) with influenza-like ill-
nesses (pyrexia, myalgias, arthralgias, chills): it
tends to resolve within 3 days and rarely recurs
with repeated administration. Symptomatic man-
agement with non-steroidal anti-inflammatory
drugs (NSAIDs) and acetaminophen is usually
sufficient. The underlying mechanism of an APR
comprises increased production of cytokines
with a transient, immune-driven response. Ocular
inflammations such as conjunctivitis, uveitis, iri-
tis, scleritis and episcleritis have been described
(more with intravenous than oral formulations)
but are rare. A short course of corticosteroid
treatment can resolve ocular inflammation. In
cases of scleritis, BP administration must be dis-
continued. Avoidance of BPs or caution in their
use for patients with a history of inflammatory
eye disease is recommended. Hypocalcemia may
occur, particularly in cases of rapid parenteral ad-
ministration of BPs (oncology setting) but it is
usually mild and not clinically evident in patients
treated for osteoporosis.

The only route of elimination for BPs is
through the kidney. However, little information
on dosing is available in subjects with impaired
renal function. BPs appear to be safe and effec-
tive in individuals with modestly reduced renal
function. However, due to lack of outcome data
in such patients the FDA recommend avoidance
of these medications in patients with creatinine
clearance <30-35 mL/min. Adverse effects on
renal function seem to be related primarily to the
peak concentration (determined by the dose and
infusion rate). The risk of renal toxicity may in-
crease with rapid intravenous administration, and
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it can be reduced by adequate hydration and pro-
longation of the infusion rate. Dosage adjustment
is not necessary in patients with mild or moderate
renal impairment. However, there are inadequate
data in patients with more severe chronic kidney
disease or end-stage renal failure. Severe pain in
bones, joints and muscles are the potential (but
rare) adverse effects of BPs that may occur at any
point after starting therapy, but which are espe-
cially observed during the first weeks of treat-
ment. The underlying mechanism is unknown,
and evidence supporting a causal relationship
with BPs use is lacking. The FDA recommends
that patients inform their physician if such symp-
toms occur, and in this case the medication
should be stopped.

BPs reduce the prevalence of osteoporotic-as-
sociated fractures. However, in the past 5 years,
several reports have described unusual low-ener-
gy subtrochanteric femoral fractures and pelvic-
insufficiency fractures, with delayed healing, in
patients on long-term BP therapy. This may be
due to long-term over-suppression of bone turno-
ver resulting in impaired bone remodeling, accu-
mulation of micro-damage, or increased skeletal
fragility. These fractures are typically associated
with prodromal pain in the region of the fracture
and are frequently bilateral. Characteristic radio-
graphic findings include cortical hypertrophy, a
transverse fracture pattern, and medial-cortical
spiking. The observed association between long-
term BP use and atypical femoral fractures does
not prove causality, and additional large-scale
studies are needed to elucidate this issue. More
definitive data regarding adequate duration of
therapy in selected individuals would be critical,
but concern about atypical fractures should not
lead to the withdrawal of BP therapy in the vast
majority of post-menopausal women.

The first suggestion that BPs could elicit an
increased incidence in atrial fibrillation (AF)
came from the Health Outcomes and Reduced In-
cidence with Zoledronic Acid Once Yearly-Pivot-
al Fracture Trial (HORIZON-PVT). In this trial,
more patients in the zoledronate group developed
arrhythmia compared with those in the placebo
group. Reappraisal of the data from the primary
licensed trial showed a non-significant trend to-

ward an increase in AF in the alendronate group,
but not in the risedronate group, in the Fracture
Intervention Trial. There are some data linking
previous use of BPs with an increased risk of AF
as a serious adverse event but the available infor-
mation does not confirm a consistent association.
The overall evidence does not support a causal
relationship. Moreover, there is no convincing
mechanism to explain this effect, which appears
to be independent of the dose and duration of
therapy. The FDA recommends that physicians
do not alter their prescribing patterns for BPs
while continuing to monitor post-marketing re-
ports of AF.

ONIJ is a known complication after radiation
therapy in the maxillofacial region for cancer of
the head or neck. Recently, cases of ONJ have
been reported at an increasing incidence in asso-
ciation with the administration of BPs, especially
in patients with multiple myeloma or metastatic
bone disease. ONIJ related to BP use is defined
as exposed necrotic bone in the maxillofacial re-
gion that does not heal after 6—8 weeks in patients
exposed to BP treatment without a history of
craniofacial radiation therapy. Predisposing fac-
tors are dental extraction or other invasive dental
procedures, poorly fitting dentures or bony exos-
toses. Possible signs and symptoms include pain,
swelling, paresthesias, suppuration, soft-tissue
ulceration, intra-oral/extra-oral sinus tracks, and
teeth loosening. Epidemiological data suggest
an incidence of ONJ in subjects under BP treat-
ment via the oral route ranging from 1:10,000 (in
Australia and Israel) to 1:250,000 (in Germany)
to 1:160,000 worldwide. A higher incidence has
been noted in cancer patients exposed to high
intravenous doses of BPs at short intervals. The
pathophysiology of ONIJ is poorly understood.
Possible ethiopathogenetic mechanisms include
oversuppression of bone turnover due to accu-
mulation of BPs in the jaw bone. This leads to
the development of microcracks, osteocyte death
and matrix necrosis in association with inhibition
of T-cell function and inhibition of angiogenesis.
According to the American Dental Association
as well as the American Association of Oral and
Maxillofacial Surgeons Taskforce on BP-asso-
ciated ONJ, patients who are starting or taking
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BPs should be informed about all the risks of
treatment (including a low risk of ONJ). Regular
dental visits and maintenance of good oral hy-
giene are recommended for everyone, as well as
encouraging routine dental cleaning and restora-
tive procedures. If dental treatment is needed, it
should progress stepwise (if possible). Patients
with periodontal disease should receive appro-
priate non-surgical therapy. Patients starting BPs
who need invasive dental procedures should have
procedures done and healing should be complete
before starting (if possible). Patients already tak-
ing a BP may undergo to some time off therapy,
even though there is no evidence that this will
improve outcomes. However, invasive surgical
procedures should be avoided, especially in pa-
tients receiving BPs via the intravenous route for
cancer [4].

10.2.1.2 Duration of BP Treatment and
“Drug Holidays”

There has been considerable discussion about
the duration of BP treatment. Approval of BPs in
USA was based on studies of 3—4-year duration
or more, some of which have been extended. BPs
bind avidly to bone, so these drugs can accumu-
late in the skeleton and create a “reservoir”, lead-
ing to continued release from bone for months or
years after treatment has stopped, resulting in a
lingering, anti-fracture benefit. Studies with rise-
dronate and alendronate confirmed that, if treat-
ment is stopped after 3-5 years, there is a per-
sistent anti-fracture efficacy of =1-2 years. This
effect could enable drug holidays (i.e., time-off
from BP therapy) for patients after a course of
some years, with resumption of therapy if a sig-
nificant loss of BMD or a new fracture occurs.
The duration of treatment and the length of the
drug holiday should be tailored to individual cir-
cumstances (including the risk of fracture and
the binding affinity of each compound used).
Although strong evidence is lacking, some time-
off treatment should be offered to most patients
on long-term BP therapy. Patients at mild risk
of fracture could stop treatment after 5 years
and remain off therapy as long as BMD is stable
and fractures do not occur. Higher-risk patients
should be treated for =10 years period, followed

by a BPs holiday of 1-2 years, and perhaps be on
a non-BP treatment during that time [3].

10.2.2 Strontium Ranelate (SR)

SR has been approved for the treatment of post-
menopausal osteoporosis in European countries
since 2004. This compound consists of two at-
oms of strontium (inorganic component) and
ranelic acid (organic moiety). It exerts its unique
effects by substituting calcium ions in the hy-
droxyapatite crystal. Of all the medical agents
used for osteoporosis treatment, SR is the only
one with a dual effect: it acts by stimulating bone
formation and decreasing bone resorption. In
vitro, SR has been shown to enhance osteoblas-
tic activity and osteoclastic apoptosis involving
the osteoprotegerin/receptor activator of nuclear
factor-kappa B ligand (OPG/RANKL) system in
favor of OPG.

Clinical trials have demonstrated that SR
treatment (2 g/day) over 5 years results in in-
creased BMD at all sites in post-menopausal
women with osteoporosis in association with a
reduction in vertebral and non-vertebral fractures
(including the hip). A recent 5-year, open-label
extension of the Spinal Osteoporosis Therapeutic
Intervention (SOTI) and Treatment Of Periph-
eral Osteoporosis (TROPOS) studies supported
the maintenance of anti-fracture efficacy over 10
years with SR in post-menopausal osteoporosis,
and confirmed sustained increases in BMD over
10 years with a good safety profile [5]. Neverthe-
less, strontium has a higher atomic number com-
pared with calcium (38 versus 20, respectively).
Hence, the increased X-ray attenuation may lead
to an artificial increase in BMD as measured by
DEXA. SR is administered orally (2.0 g daily)
with a bioavailability of 27%, and is excreted by
the kidneys. Its absorption is reduced by foods
such as dairy products, so it should be adminis-
tered between meals or, preferably, at bedtime.

10.2.2.1 Side Effects and Safety

Profile of SR
The most common side effects correlated with
the use of SR are nausea, diarrhea, headache
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and dermatitis. In the SOTI study, 6% of sub-
jects treated with SR showed nausea and diar-
rhea compared with 3% in the placebo group.
Less common effects are: abdominal pains; ir-
ritations of oral mucous membranes; muscle
pains; fainting; and memory loss. A slight (but
significant) increased risk of thromboembolic
events was noted from pooled data in phase-IIT
studies, but this result was not supported by a
large retrospective observational study. Con-
traindications to SR administration are renal in-
sufficiency (creatinine clearance <30 mL/min)
and an increased risk of venous thromboembolic
disease. Moreover, SR should not be associated
with drugs such as tetracyclines or chinolones
[6]. A few cases (18 reported in Europe, includ-
ing 2 deaths) of a hypersensitivity reaction (drug
rash with eosinophilia and systemic symptoms,
DRESS, syndrome) have been described in asso-
ciation with SR treatment. DRESS syndrome is a
severe drug reaction characterized by: fever; skin
eruptions; hypereosinophilia; lymphocytosis; ab-
normal liver and renal function; pulmonary and
cardiac involvement. The prevalence of mortal-
ity is 10%; symptoms usually occur 3—7 weeks
after drug consumption. It is hypothesized that
DRESS syndrome is triggered by concomitant
use of other drugs or concomitant infections.
Dress syndrome is an indication for discontinu-
ation of SR treatment, and it can be treated with
high doses of corticosteroids [7].

10.2.3 HRT

HRT involves the administration of estrogens
alone or in combination with progestins. The in-
dication for post-menopausal osteoporosis is con-
troversial. The Women’s Health Initiative (WHI)
trial on estrogen replacement therapy was the
first large-scale, randomized, controlled study in
healthy women aged 50-79 years [8]. This study
showed a reduction in the risk of hip and verte-
bral porotic fractures under estrogen treatment.
The positive effects on fractures were offset by
long-term side-effects such as vascular events
and breast cancer, which limit its widespread use
and indication for osteoporosis [9].

10.2.4 SERMs

Selective Estrogen Receptor Modulators (SERMs)
are non-steroidal synthetic compounds that bind
to estrogen receptors. SERMS induce conforma-
tional changes in these receptors, promoting in-
teractions with distinct intranuclear proteins and
resulting in estrogen-like and estrogen-antago-
nistic effects.

Raloxifene is a second-generation SERM. It
was the first a second-generation SERM to be
approved for the treatment of post-menopausal
osteoporosis. It produces agonist effects on bone
and the liver as well as antagonistic effects in the
breast and genitourinary apparatus. Raloxifene
(60 mg per day, p.o.) prevents post-menopausal
bone loss, increases BMD, and decreases the risk
of vertebral fracture in post-menopausal women
with osteoporosis in association with a reduc-
tion in the risk of invasive breast cancer. The ef-
fectiveness of raloxifene on fractures has been
documented in several studies. The Multiple
Outcomes of Raloxifene Evaluation (MORE)
study demonstrated its effectiveness on vertebral
fractures, with no effects on non-vertebral frac-
tures. The MORE study lasted 4 years but was
extended for 3 years in the Continuing Outcomes
Relevant to Evista (CORE) trial. At the end of
these studies, raloxifene therapy showed to lead
to an increase of 2.2% and 3% in BMD at the
spine and at the total hip, respectively, compared
with placebo; the difference in the incidence of
non-vertebral fractures was not significant. Other
effects of raloxifene were a 58% decrease in the
incidence of breast cancer (relative risk (RR) =
0.42; 95% confidence interval (CI), 0.29-0.60)
compared with the placebo group. However,
non-significant differences were found for the
endometrial effects (hyperplasia, cancer, vaginal
bleeding) and deep venous thrombosis (DVT)
risk with raloxifene compared with the placebo
group. The most common unpleasant effects of
raloxifene are an increase in menopausal vaso-
motor phenomena and cramps in the limbs, but
the most serious side effects are an increased risk
of thromboembolic events and fatal strokes [10].

Bazedoxifene is a third-generation SERM
characterized by tissue-selective activities that
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confer positive effects on the metabolism of bone
and lipids without adverse effects on breast or
uterine tissues. A 5-year, randomized, placebo-
controlled study supported the sustained anti-
fracture effects of bazedoxifene on new vertebral
fractures in post-menopausal osteoporotic wom-
en and on non-vertebral fractures in a higher-risk
subgroup of women in association with a signifi-
cant increase in BMD and reduced bone turno-
ver compared with that seen with placebo. The
incidence of hot flushes, leg cramps and venous
thromboembolic events after administration of
bazedoxifene (20 mg per day, p.o.) is similar to
that seen with raloxifene. Bazedoxifene also im-
proves lipid profiles by reducing the serum con-
centrations of total cholesterol and low-density
lipoprotein-cholesterol, with an increase in the
serum level of high-density lipoprotein-choles-
terol [11].

Lasofoxifene is a third-generation SERM. Its
efficacy in post-menopausal osteoporotic women
has been demonstrated in an international place-
bo-controlled trial: Postmenopausal Evaluation
and Risk-Reduction with Lasofoxifene (PEARL).
After 5 years of treatment, patients who received
lasofoxifene (0.5 mg/day) had a 42% and 24%
lower RR of vertebral and non-vertebral fractures
respectively, compared with the placebo group.
Patients in the lasofoxifene treatment group also
experienced modest (but significant) increases in
BMD at the lumbar spine, femoral neck, and to-
tal hip. Similar to other SERMs, lasofoxifene use
was associated with a higher incidence of DVT,
pulmonary embolism, uterine polyps, and endo-
metrial hypertrophy, but also reduced the risk of
breast cancer, coronary heart disease, and stroke.
Lasofoxifene is administered via the oral route at
0.5 mg per day [12].

10.2.5 Denosumab

Denosumab has a novel mechanism of action. It
exerts proven efficacy in increasing BMD and re-
ducing fracture risk in: post-menopausal women
with osteoporosis; men receiving androgen-depri-
vation therapy for non-metastatic prostate cancer;
women receiving adjuvant aromatase inhibitor

therapy for breast cancer. Denosumab is a human
monoclonal antibody to RANKL. RANKL is a cy-
tokine member of the tumor necrosis factor family
expressed by cells of the osteoblast lineage. It has
been identified as the principal regulator of os-
teoclastic bone resorption. When RANKL binds
to its receptor (RANK) on the membranes of os-
teoclasts and pre-osteoclasts, it stimulates their
formation, activity, and survival, thereby increas-
ing the rate of bone resorption. OPG is also ex-
pressed by osteoblasts. It is a counter-regulatory
non-signaling “decoy receptor” for RANKL. The
binding of RANKL to OPG reduces the amount
of RANKL available for binding to RANK, re-
sulting in a decrease in the formation, activity,
and survival of osteoclasts. Thereby, the balance
between RANKL and OPG is a key regulator of
the rate of bone resorption. Evidence that high
levels of RANKL are associated with increased
bone resorption and bone loss suggest that inhibi-
tion of RANKL might be an effective treatment
for skeletal diseases characterized by high bone
turnover (including osteoporosis). Denosumab
binds with high affinity to RANKL similarly to
OPG, preventing interaction of RANKL with its
receptor, RANK, which is present on the surface
of osteoclasts and their precursors. The inhibition
of formation, activity, and survival of osteoclasts
obtained decreases bone resorption in trabecular
and cortical bone. Denosumab is indicated for the
treatment of women with post-menopausal osteo-
porosis who are at high risk of fracture (defined
by the FDA as a history of osteoporotic fracture,
multiple risk factors for fracture, or patients re-
sistant or who are intolerant to other available
anti-osteoporosis therapy).

10.2.5.1 Efficacy of Denosumab
The rapid, profound, sustained, and reversible
decrease in the serum levels of bone turnover
markers (BTMs) such as N-telopeptide of col-
lagen type 1 (NTX) and bone-specific alkaline
phosphatase (BSAP) observed in a phase-I study
of denosumab supported further investigation of
the efficacy and safety of this antiresorptive com-
pound as a potential treatment for osteoporosis.
A randomized, placebo-controlled, dose-
ranging phase-II study evaluated the effects of
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denosumab in post-menopausal women with low
BMD. It showed that BMD in the lumbar spine
increased significantly at 12 months with sig-
nificant increases at other measured skeletal sites
(including total hip and distal third of the radius).
The Fracture Reduction Evaluation of
Denosumab in Osteoporosis Every 6 Months
(FREEDOM) trial was an international, 3-year,
randomized, double-blind, placebo-controlled
phase-III trial in 7,868 post-menopausal women
with osteoporosis randomized to receive deno-
sumab (60 mg, s.c.) or placebo every 6 months.
The primary endpoint of efficacy was new verte-
bral fractures at 36 months; the secondary end-
points were time to first hip fracture and non-
vertebral fracture. Denosumab-treated patients
showed, significant (68%) reduction in the risk of
new vertebral fractures 40% reduction in the risk
of hip fractures, and 20% reduction in the risk of
non-vertebral fractures, compared with placebo.
Another phase-III study, Denosumab Forti-
fies Bone Density (DEFEND) evaluated the ef-
ficacy of denosumab for stabilizing or increasing
BMD in post-menopausal women with osteope-
nia. Subjects were randomized to receive deno-
sumab (60 mg, s.c.) or placebo every 6 months,
with a primary endpoint of efficacy of percentage
change in BMD in the lumbar spine at 24 months
compared with placebo. Denosumab significant-
ly increased BMD at the lumbar spine, total hip,
distal third of the radius, and total body com-
pared with placebo at 24 months. After drug dis-
continuation, the increase in BMD was reversed
completely. Determining Efficacy: Comparison
of Initiating Denosumab Versus Alendronate
(DECIDE) was a head-to-head comparison of the
effects of denosumab and alendronate (the most
commonly prescribed BPs for the treatment of
osteoporosis). Subjects were randomized to re-
ceive denosumab (60 mg, s.c.) every week plus
placebo (p.o.) or alendronate (70 mg, p.o.) week-
ly plus placebo injections (s.c.) every 6 months.
At 12 months, subjects treated with denosumab
had a significantly greater BMD increase at the
total hip and at all other measured skeletal sites
compared with alendronate. Reductions in BTM
levels were significantly greater with denosumab
than with alendronate. A significant increase in

BMD at different skeletal sites was observed
with denosumab in women with breast cancer
under aromatase-inhibitor treatment. Moreo-
ver, increased BMD at all sites in men receiving
androgen-deprivation therapy for prostate cancer
was described after 24 months in comparison
with placebo. In addition, fracture risk was re-
duced significantly at 36 months. Interestingly,
this beneficial effect started after 1 month and
was maintained for 3 years [13].

10.2.5.2 Side Effects and Safety Profile
of Denosumab

In general, denosumab is well tolerated with total
adverse events and serious adverse events similar
to those seen with placebo. The benefit of treat-
ment with denosumab is likely to outweigh the
risks in women with post-menopausal osteopo-
rosis at high risk for fracture. Denosumab was
approved for this indication at 60 mg by subcuta-
neous injection every 6 months. Safety has been
evaluated in all of the denosumab clinical trials
and their extensions.

In a report of a phase-I study of denosumab
in healthy post-menopausal women, there were
no related serious adverse events and no discon-
tinuations from the study due to adverse events.
A mild transient hypocalcemia and correspond-
ing increases in serum intact PTH levels has
been observed. Infectious adverse events were
similar in denosumab (38%) and placebo (33%)
groups. Two subjects treated with denosumab
showed mild injection-site reactions. There were
no changes in the counts for white blood cells,
T-cells, B-cells, or natural killer cells, immuno-
globulins, or coagulation parameters in associa-
tion with denosumab treatment.

The four-year data for a phase-II study of
denosumab in post-menopausal women with low
BMD reported a similar prevalence of all adverse
events and all serious adverse events in the pla-
cebo, denosumab, and alendronate groups. The
prevalence of malignant neoplasms was similar
in all treatment groups. The overall prevalence
of infections was similar in all treatment groups,
but infections requiring hospitalization occurred
in 3.2% of denosumab-treated patients and none
of those who received placebo or alendronate. All
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infections were typical community-acquired in-
fections that responded appropriately to standard
antibiotic therapy. No patient developed neutral-
izing antibodies to denosumab.

In the FREEDOM trial, there were no sig-
nificant differences in the total incidence of side
effects between denosumab-treated patients
and those receiving placebo. The overall risk of
death, malignancies, infections, cardiovascular
events, atrial fibrillation, stroke and hypocalce-
mia were similar between the two groups. There
were no cases of ONJ. There was a theoretical
safety concern that over-suppression of bone
remodeling might increase fracture risk or im-
pair fracture healing. There was, however, no
evidence of adverse clinical consequences due
to suppression of bone turnover observed with
denosumab. Significant differences were seen
with several skin-related conditions. Eczema
was reported in 3.0% of denosumab-treated pa-
tients compared with 1.7% in the placebo group.
Cellulitis as a serious adverse event was more
common with denosumab (0.3%) than placebo;
cellulitis as an adverse event was similar in both
groups. The prevalence of falling and concussion
was probaly less common with denosumab than
with placebo. Hence, the tolerability of deno-
sumab is excellent and the long dosing interval
of 6 months is likely to be attractive to patients
with poor compliance to the more frequent re-
quirements for other antiresorptive compounds.
It has ben reported that adherence (defined as
meeting the study criteria for compliance and
persistence) was significantly greater with deno-
sumab than with alendronate [14].

10.3 Anabolic Treatment
10.3.1 PTH Analogs

The evidence of striking clinical benefits of in-
termittent, low-dose administration of PTH in
osteoporosis introduced a new era for the medi-
cal treatment of osteoporosis: the era of skeletal
anabolic agents. The use of PTH as a skeletal an-
abolic agent in the treatment of post-menopausal
osteoporosis is relatively recent. Only two forms

of PTH are licensed for this purpose: teriparatide
(a recombinant formulation of endogenous PTH
containing a 34-amino-acid sequence which is
identical to the N-terminal portion of the human
hormone (thPTH 1-34)) and a full-length PTH
(PTH 1-84) manufactured using a strain of Es-
cherichia coli modified by recombinant DNA
technology. In Europe, both are available for the
treatment of osteoporosis in post-menopausal
women at the highest risk for fracture, whereas in
the USA only teriparatide is approved for treat-
ment of post-menopausal osteoporosis. Teripara-
tide has also been approved for primary or hypo-
gonadal osteoporosis in men at high fracture risk
as well as glucocorticoid-induced osteoporosis
(GIOP) in men and women. Teriparatide and PTH
1-84 are given as a subcutaneous injection once
daily into the thigh or abdominal wall at 20 pg
and 100 pg, respectively. They are not approved
for use >24 months. Their high cost (more than
the other anti-porotic drugs) limits their selection
for high-risk osteoporotic patients such as those
with previous fragility fractures, severe osteopo-
rosis, and lack of efficacy or intolerance to BPs.
The exclusion of metabolic bone diseases other
than osteoporosis is crucial before initiating ther-
apy because PTH analogs are not indicated for
metabolic bone disease other than osteoporosis.
The anabolic effect of PTH in cancellous
bone in primary hyperparathyroidism was sus-
pected as long as 20 years ago. When considering
the significant bone loss that occurs with hyper-
parathyroidism, the use of PTH analogs as ana-
bolic agents may initially seem counterintuitive
because it is well known that PTH acts directly
through the PTH receptor type 1 (PTHR1) on os-
teoblasts. It then stimulates bone formation and
also indirectly stimulates the differentiation and
development of osteoclast cells, leading to active
bone resorption by increasing the RANKL/OPG
gene-expression ratio. Continuously high levels
of PTH stimulate generalized bone turnover to
mobilize calcium from the bone and accelerate
bone loss. However, pulsatile exposure to lower
doses (which occurs with once-daily dosing with
PTH analogs) enhances bone formation (possibly
due to the inhibition of osteoblast apoptosis or the
transformation of bone-lining cells back to func-
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tional osteoblasts), resulting in increased BMD
and bone mass. Moreover, independently from
growth hormone (GH) activity, PTH induces the
synthesis of insulin-like growth factor 1 (IGF-
1; a strong bone anabolic factor) in bone tissue.
Simultaneously, PTH blocks the expression of
the osteocyte-derived SOST protein sclerostine,
which inhibits the activity of the Wnt—-catenin
pathway responsible for the promotion of many
transcription processes, leading to the increased
proliferation and activity of osteoblasts. All of
these effects are reflected in bone-marker behav-
ior with PTH-analog therapy. Levels of bone-
formation markers rise more rapidly and peak
within the first 3 months of therapy as compared
with bone-resorption markers (which peak at 6
months). This overriding of bone formation ver-
sus bone resorption is referred to as the “anabolic
window of PTH.” Administration of PTH analogs
also increases bone strength and the micro-archi-
tecture; skeletal improvements are more rapid
and evident in areas of cancellous bone (lumbar
spine) than in sites of cortical bone (radius and
femoral neck).

10.3.2 Efficacy of PTH Analogs

The effects of teriparatide therapy on the risk of
osteoporotic, vertebral and non-vertebral frac-
tures in post-menopausal women were evaluated
in the Fracture Prevention Trial (which involved
1,637 women with a diagnosis of post-menopau-
sal osteoporosis). After 18 months of therapy
with daily subcutaneous injections of teriparatide
in 20-mg doses, a significant reduction in new
fractures (vertebral by 65% and non-vertebral by
54% versus placebo) was demonstrated. Moreo-
ver, treatment with teriparatide resulted in sig-
nificant, dose-dependent BMD increases in the
lumbar spine, hip and whole skeleton compared
with the control group.

The Treatment of Osteoporosis with PTH
(TOP) study, with its Open Label Extension
Study (OLES), and the PTH and Alendronate
for Osteoporosis (PaTH) clinical trial, provided
most of the data on the efficacy and safety of
PTH (1-84), leading to its use in the treatment

of post-menopausal osteoporosis. Similarly to
teriparatide, a significant reduction in the preva-
lence of vertebral fractures, and a non-significant
decrease in the prevalence of non-vertebral frac-
tures has been observed in high-risk patients
under treatment with PTH (1-84). In the PTH
(1-84)-treated group, a significant increases in
BMD in the lumbar spine, total hip and femo-
ral neck has been observed, while at distal radius
BMD decreased.

Multiple scenarios can occur when consid-
ering therapy with PTH analogs. They can be
employed: after other prior therapies (sequen-
tial therapy); in those treated with other agents
(combination therapy); in previously untreated
patients (“treatment-naive patients”). The rea-
sons to consider switching therapy to teriparatide
or PTH 1-84 may be a new fragility fracture or
loss of BMD on current therapy, and/or drug in-
tolerance. Regarding combination therapy, there
are concerns about potential over-suppression
of bone. The official viewpoint of the National
Osteoporosis Foundation in the USA is that
the added cost, unknown efficacy and potential
side effects of combination therapy should be
weighed against potential gains. Conversely, se-
quential therapy (use of PTH analogs after BPs
or other antiresorptive compounds) is a common
approach to porotic patients. Indeed, PTH ana-
logs appear to retain their anabolic effect in post-
menopausal women with osteoporosis previously
treated with BPs for a long time. However, the
benefits of sequential therapy are probably less
than those seen in treatment-naive patients, with
fewer relative increases in BMD and markers of
bone formation.

Finally, when comparing teriparatide with
alendronate in naive-post-menopausal osteo-
porotic women, teriparatide showed to increase
BMD at all skeletal sites to a greater degree than
alendronate (except for BMD at the distal third
of the radius). The prevalence of non-vertebral
fractures was significantly lower in the teripara-
tide-treated group than in the alendronate group.
However, not many direct comparisons of frac-
ture reduction can be made compared with other
antiresorptive agents due to a lack of head-to-
head studies focusing on fracture outcomes. In
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women and men with GIOP, teriparatide led to
a greater increases in BMD in the lumbar spine
as well as a favorable profile in preventing ver-
tebral fractures when compared with alendronate
therapy.

10.3.3 Side Effects and Safety Profile of
PTH Analogs

In general, PTH analogs are well tolerated. Tran-
sient orthostatic hypotension may occur within
4 h of administration but it is usually limited to
the first several doses. Dosing at bedtime helps
to minimize this occurrence. Hypercalcemia and
hypercalciuria are frequent (but transient) con-
sequences of PTH treatment, and are usually
well-controlled by reducing supplementation
with calcium and vitamin D. Serum and urinary
levels of calcium require only periodic assess-
ment. Nausea, dizziness, headache, limb pain,
and hyperuricemia can occur, but these are usu-
ally not sufficiently severe to require discontinu-
ation of therapy. Post-marketing case reports of
acute dyspnea, allergic reactions, facial and/or
oral edema, hypercalcemia, injection-site reac-
tions (bruising, pain, swelling), muscle spasm,
and urticaria have also been documented. Com-
pliance with treatment with PTH analogs can be
limited by daily subcutaneous injection route of
administration.

Few data are available about the use of these
medications in patients with cardiovascular, he-
patic, or liver disease, so caution should be ap-
plied in those with severe renal and hepatic
impairment. Although it has not bee studied
specifically, the clearance of PTH analogs is pre-
sumed to be identical to that of endogenous PTH,
with metabolism mainly in the liver with excre-
tion by the kidneys. Dosage adjustment is not re-
quired with renal insufficiency (though bioavail-
ability and half-life may increase if creatinine
clearance <30 mL/min). PTH analogs should
also be used with caution in patients with active
or recent urolithiasis, and in those under digitalis
treatment. PTH analogs are contraindicated in
case of hypercalcemia and hyperparathyroidism.

The pivotal registration trial for teriparatide

was stopped due to the appearance of osteogenic
sarcoma in all of the Fischer strains of rats re-
ceiving lifelong, high-dose teriparatide. This risk
was related to the dose and duration of the medi-
cation. However, a limitation of these rat studies
derived from very high doses were used in the
short lifecycle of rats. The rats were also treated
with relatively supra-therapeutic doses for their
size. Subsequently, a repeat study was done by
the same research team looking at osteosarcoma
risks because it was related to age at treatment as
well as dose range (3- and 60-times higher than
that approved for human use). They found that,
if doses more compatible with human use were
used, an increased risk of osteosarcoma was not
documented. Osteogenic sarcoma was also ob-
served in PTH 1-84 preclinical data in rats, with
a dose-responsive increased incidence.

Hence, it seems that there is no real concern
about the carcinogenic action of PTH with dose
and treatment duration approved in humans, but
continuous monitoring is ongoing. As a result,
use of PTH analogs should be avoided in patients
with an increased baseline risk of osteosarcoma.
This includes subjects with Paget’s disease of
bone, previous radiation therapy, unexplained el-
evations in levels of alkaline phosphatase, or in
young adults with open epiphyses. Similarly, it
should not be used in pregnant women. A theo-
retical potential exists for teriparatide to acceler-
ate local tumor extension if non-primary bone
tumors are unknowingly present in bone because
anabolic therapy enhances bone remodeling. All
of these findings has led to a hesitancy to use
teriparatide in patients with active or recent non-
osteosarcoma cancers that have a likelihood to
metastasize to bone (e.g., breast, prostate, lung,
thyroid, kidney) [15-18].

10.4 New Perspectives

Although many compounds are available, con-
siderable emphasis is being placed in the devel-
opment of new agents for the treatment of osteo-
porosis to obtain a better efficacy, tolerability,
and simplicity of administration. Hence, new
treatment modalities of osteoporosis (including
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Table 10.4 New
perspectives for medical
treatment of porotic
patients

Antiresorptive

Src kinase inhibitors: saracatinib

novel antiresorptive and anabolic agents) are at
various stages of development.

Novel antiresorptive agents include cathepsin
K (CTSK) inhibitors such as odanacatib and Src
kinase inhibitors such as saracatinib. Cathepsin
K is a lysosomal cysteine protease that degrades
type-I collagen, which is preferentially expressed
by osteoclasts. Ctsk null mice exhibit increased
trabecular and cortical bone volume. However,
studies of the biomechanical properties of Ctsk
null mice have been controversial. Src kinase is
a non-receptor tyrosine kinase that has a role in
the survival and activity of osteoclasts. In Src null
mutants, osteoclasts do not form a “ruffled” bor-
der and do not resorb bone. Saracatinib is a novel,
orally available competitive inhibitor of Src ki-
nase that inhibits bone resorption in vitro.

Novel anabolic therapies involve the use of
factors with anabolic properties for bone or the
neutralization of antagonists of growth factors.
The limitation of current PTH anabolic therapy
is the need for daily subcutaneous administra-
tion. Thus, alternative delivery systems of PTH
(e.g., oral, transdermal, intranasal) have been
tested. Another approach consists in the stimula-
tion of endogenous PTH secretion by oral agents
(e.g., ronacaleret) that interfere with the calcium-
sensing receptor on the parathyroid cell. A novel
target for anabolic treatment of osteoporosis is
the Wnt signaling pathway. The Wnt—B-catenin
signaling pathway induces osteoblastogenesis
and bone formation, and suppresses osteoclas-
togenesis and bone resorption. Antibodies to Wnt
antagonists (e.g., sclerostin) are under study but
non-specific Wnt activation could result in ad-
verse effects, including increases in carcinogen-
esis in non-skeletal tissues [19]. The success of
all of these compounds will be dependent upon
their long-term effectiveness and safety profile
(Table 10.4).

Cathepsin K inhibitors: odanacatib

Anabolic

New delivery systems for parathyroid
hormone

Modulation of calcium-sensing receptor:
ronacaleret

Antibodies to sclerostin (Wnt antagonist)

10.4.1 Supplementation with Vitamin
D and Calcium

Adequate mineral nutrition, including daily sup-
plementation with calcium and vitamin D, is a
crucial prerequisite for successful treatment of
porotic patients. Lack of calcium and/or vitamin
D is a very common cause of a poor response to
osteoporosis drug therapy and is associated with
an increased risk of osteoporosis and fragility
fractures per se. The mean daily intake of calcium
in the general population is often insufficient (es-
pecially in the elderly) and hypovitaminosis D is
very common. Calcium supplementation should
be commensurate to the degree of nutritional de-
ficiency (in general, 500-1,000 mg/day) and is
contraindicated in the presence of increased risk
of hypercalcemia and/or nephrolithiasis.
Recently, increases in the prevalence of
cardiovascular events (particularly myocardial
infarction) have been reported in women allo-
cated calcium supplements. These data justify
reassessment of the use of calcium supplements
in older people. With regard to analogs of vita-
min D, supplementation with 800-1,000 IU/day
of cholecalciferol is recommended, with higher
doses in the elderly and during winter, in order
to obtain serum levels of 25-hydroxyvitamin D
>75 nmol/L. (30 ng/mL). Cholecalciferol can
also be administered weekly (4,000-14,000
IU); monthly (25,000-50,000 IU); quarterly
(50,000-300,000 IU); every 6 months or yearly
(2600,000). Active metabolites of vitamin D
such as calcidiol or calcitriol are not indicated
for the prevention of hypovitaminosis D because
they enhance the risk of hypercalcemia and hy-
percalciuria. However, active metabolite rep-
resent the best option in selected cases (severe
renal or hepatic dysfunction, severe intestinal
malabsorption, hypoparathyroidism) [20].
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10.5 Conclusions

Lifestyle factors (physical activity, sun exposure,
avoidance of consumption of alcohol and tobac-
co) and ensuring adequate intake of calcium and
vitamin D represent the baseline approaches for
preventing and treating osteoporosis. Pharmaco-
logical treatments are recommended for subjects:
with fragility fractures, with a T-score of BMD
<2.5, currently taking high-dose corticosteroids
for a long time.

Several antiresorptive and anabolic com-
pounds are available. BPs are first-line therapy
for established osteoporosis. Anabolic agents
have a place in the management of severe oste-
oporosis and in specific forms characterized by
the decreased formation and remodeling of bone
(e.g., glucocorticoid-induced osteoporosis). Drug
selection is guided by sex, menopausal status,
medical and fracture history, patient preference
and, in certain countries, eligibility for govern-
ment subsidy. Osteoporosis is under-diagnosed
and under-treated; compliance and persistence to
treatment are often poor, resulting in a higher risk
of fracture and greater healthcare costs. More ef-
fective communication between physicians and
patients may enhance patient awareness of the
balance of benefits and risks, and may improve
adherence to therapy. Patient compliance is a
critical factor to be considered when choosing
agents. On a long-term basis, optimal anti-frac-
ture effects can be obtained by using a tailored
therapy, with an orchestrated sequence of anti-
catabolic and bone-forming agents.
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11.1  Introduction

The spine can be affected by several primary or
secondary tumors, with progressive osteolysis
of each part of the vertebra (i.e., posterior arch,
pedicles, body), causing unsustainable local pain
and motor impairment secondary to vertebral
collapse [1]. In the last decade, prolongation of
life expectancy in patients affected by neoplas-
tic disease has been responsible for an increase
in vertebral metastases, particularly in the case
of cancer of the breast, lung, kidney and prostate
cancer [2]. Approximately 70% of patients with
secondary lesions have at least one vertebral le-
sion [3] (Table 11.1). Moreover, because of the
improvement in survival related to implementa-
tion of cancer treatment, most methods (includ-
ing vertebroplasty) have changed from being

Table 11.1 Classification

- Benign
of spinal tumors

Hemangioma
Osteoid osteoma

Aneurysmal bone cyst (ABC)

Osteochondroma
Osteoblastoma
Eosinophilic granuloma
Hemangiopericitoma
Giant cell tumor

M. Muto (<)

Neuroradiology Department, A. Cardarelli Hospital,
Naples, Italy

e-mail: mutomar2 @ gmail.com

M. Muto (ed.), Interventional Neuroradiology of the Spine,

end-of-life palliative care to become part of man-
agement of chronic disease [4].

Pain is the main symptom related to verte-
bral tumors, not only related to bony weakness
of the vertebra, but also to the local periosteum
and paravertebral tissues. In general, the pain is:
drug-resistant; unrelated to mechanical distress;
present even in the resting position. It usually
precedes extravertebral spread of the tumor as
well as radicular and spinal cord syndrome re-
lated to compression fracture.

11.2 Diagnosis

Symptoms of spinal metastases are the initial
presentation of the disease in 220% of patients
affected by neoplastic disease [5]. Despite care-
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ful evaluation of clinical findings such as motor
and sensory impairment, abnormal reflexes and
pain can be useful if one suspects neoplastic in-
volvement in the spine [6]. The correct diagnosis
is usually achieved using conventional computed
tomography (CT) and magnetic resonance imag-
ing (MRI), particularly in patients with a known
history of cancer, with vertebral bone biopsy be-
ing undertaken in case of solitary lesions with
equivocal radiological findings. Detailed history-
taking, physical examination, bone scintigraphy
and total-body CT enables the primary disease to
be identified in 85% of cases; additional bone bi-
opsy can bring this figure up to 93% [7]. Thanks
to more precise selection of the targeted area re-
quired for analyses, CT-guided biopsy enables
the correct histological diagnosis to be reached
in 93% of cases [8]. Plain radiographs are not
considered appropriate for the diagnosis because
lesions are detected in only 30% of cases [9].
CT, despite excellent accuracy in the detection of
bony abnormalities, shows moderate sensitivity
(about 66%) [10], but remains fundamental for
planning vertebroplasty. In fact, the size and lo-
cation of lytic lesions is important to assess the
risk of vertebral collapse in patients with verte-
bral disease. Hence, careful evaluation in multi-
ple planes of the vertebra affected by the tumor
is fundamental for CT studies, if augmentation
with polymethylmethacrylate (PMMA) is being
considered. According to Taneichi and cowork-
ers, the risk of sudden collapse of a vertebra at
the thoracic level is higher in the case of vertebral
body (VB) involvement (>60%) and in the case
of 30% destruction of the VB if there is involve-
ment of the costovertebral joint. In patients with
lumbar involvement, lesions involving 35-40%
of the VB, and those with only 20-25% VB de-
struction associated with involvement of the pos-
terior arch and/or pedicle are considered to be at
high risk rate for vertebra collapse [11]. MRI is
the ideal method for demonstrating neoplastic
involvement of the spine, with a sensitivity and
specificity of 98.5% and 98.9%, respectively
[11]. Hence, study of the entire spine, including
T1-weighted spin echo (SE) and T2-weighted
short T1 inversion recovery (STIR), is preferred
in cases of suspected neoplastic disease [6], with

enhanced imaging to be added if extravertebral
tumor spread is suspected.

11.3 Conventional Treatment

Management of spinal tumors includes medical
therapy (corticosteroids, chemotherapy), radio-
therapy and surgical treatment. Therapy is accord-
ing to the histological type as well as the location
and size of the tumor. Even though pain relief
can be achieved in <71% of treated patients [12],
chemo-radiotherapy has delayed efficacy [13]
and surgery is not always possible. Moreover,
despite the high prevalence of success in reduc-
tion/resolution of tumor size with chemotherapy
and/or radiotherapy, the immediate risk of verte-
bral fracture remains. Despite being palliative in
the case of metastatic disease, surgical manage-
ment of spinal tumors is proposed for compres-
sion of the spinal cord (laminectomy, corpec-
tomy, en bloc resection), spinal instability and
severe pain [14].

11.4 Augmentation Treatment

Vertebral augmentation has been validated as an
excellent procedure for increasing spinal stabil-
ity if spine osteolysis occurs. The pain resolution
observed with vertebral augmentation is almost
immediate. With respect to the safety, feasibil-
ity and efficacy of vertebroplasty, it should be
considered to be part of conventional analgesic
treatment [15], thereby reducing narcotic use for
all stages of the disease [16]. With regard to sur-
gery, augmentation procedures should be carried
out before chemo-radiotherapy [17] to reduce tu-
mor size and to allow the patient to better tolerate
anti-tumor therapies [4]. Pain relief after verte-
broplasty has been reported to 84-92% [18], with
asymptomatic paravertebral leakage accounting
for 4-9.2% [19, 20].

Augmentation in the case of an osteolytic
vertebral tumor has two aims: mechanical stabi-
lization of the vertebra (preventing creep defor-
mation of the VB and complications related to
neural compression) and resolution of the focal
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Fig. 11.1 Best position to obtain vertebral stability. When PMMA is introduced into the posterior-third of the vertebral
body (a and ¢), the variation of the spinal canal under compression is minimal in comparison with augmentation under-
taken in the anterior-third (b and d)

pain related to the disease. According to recent
biomechanical studies on metastatic spinal tu-
mors, mild-to-moderate reduction in size of the
spinal canal (with a consequent risk of increasing
compression of the spinal cord) has been demon-
strated in the case of compression of a vertebra
augmented in the anterior-third only. Hence, the
best position for PMMA injection for reaching
vertebral stability is the posterior-third of a neo-
plastic VB [21] (Fig. 11.1).

Different mechanisms (i.e., thermal abla-
tion of the vertebral nerve plexus or neurolytic

actions of the monomer used) have been advo-
cated for the explanation of pain relief [22], but
mechanical stabilization seems to be the main
mechanism. Recently, increasing interest in bi-
ological-bioactive cements has become evient
in the literature [23]. Osteoconductive material
as an association between alpha-calcium sul-
fate and hydroxyapatite [24] has been proposed
in the attempt to obtain bone regrowth in focal
osteolytic areas, with the original tumor being
removed by conventional chemo-radiotherapy
(Fig. 11.2).
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Fig. 11.2 Osteoconductive augmentation of the sacrum. A large sacral defect into the S2 body is observed in a patient
previously affected by multiple myeloma (a and b). A 11-G needle is placed into the sacrum (c and d) and a small
amount of osteoconductive material introduced using a X-ray—CT-guided technique (e). After 45 days, regrowth of new
bone into the sacrum is observed (f)
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Fig. 11.3 Vertebral augmentation using radiofrequency-applicable PMMA. Severe T7 vertebral collapse with erosion of
the posterior wall is observed in a 56-year-old male with by multiple myeloma (a). After slow injection of very dense
PMMA, reduction of kyphosis related to vertebral augmentation with partial restoration of vertebral height, and respect-

ing the posterior wall profile, is observed (b)

11.5 Vertebroplasty and the
Posterior Wall

If vertebroplasty is planned in the case of neo-
plastic vertebral erosion, discontinuity of the
posterior somatic wall and/or epidural tumor in-
volvement has been referred as severe contraindi-
cations to the procedure [25] because of the pre-
sumed risk of dislocation of tumor tissue into the
spinal canal [26]. Some authors suggest that pre-
vertebroplasty treatment (chemo-radiotherapy
or embolization-radioablation of the tumor [27—
29]) should be carried out to reduce the size of
the tumor, and to carry out PMMA augmentation
with concurrent myelography to monitor epidural
changes during kyphoplasty/vertebroplasty [30].
Recently however, new trends related to techni-
cal considerations have been reported. First, ac-
cording to a biomechanical study by Pollintine et

al. on PMMA spreading into a VB [31], cement
distribution is strongly influenced by the physi-
cal property of material injected and hardening
behavior. Hence, the use of polymers with rad-
iofrequency-controlled hardening could be use-
ful in augmentation of tumor VBs with defects in
the posterior wall [32, 33] (Fig. 11.3). Moreover,
stress distribution in the VBs can be normalized
using repeated injections of small volumes of
PMMA (Fig. 11.4) to reduce the risk of epidural
leakage [34-38]. Hence, despite not being indi-
cated for epidural compression [39, 40], augmen-
tation procedures can be undertaken cautiously
even in patients with severe erosion of the pos-
terior wall (Fig. 11.5) and/or epidural extension
of the tumor [41]. This is because worsening
neurological symptoms after vertebroplasty have
not been described in patients with symptomatic
epidural compression 42 (Figs 11.6 and 11.7).
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Fig. 11.4 Small-volume injections of PMMA in pedicle
reconstruction in a patient with severe osteolysis secondary to a
breast lesion of the right pedicle (a). Using multiple injections of
small amounts of PMMA, careful reconstruction of the pedicle
and tranverse process is achieved (b)
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Fig. 11.5 Vertebroplasty in a patient with erosion of the posterior wall secondary to metastases due to primary lung car-
cinoma. Before treatment, a large defect at the level of the posterior wall of T9 can be seen (a). After treatment, subtotal
augmentation of the vertebral body without epidural leakage can be achieved (b)
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Fig. 11.6 Odontoid reconstruction using CT-guided
PMMA augmentation. A large odontoid defect can be
observed in a patient with lymphoma (a and b). The
patient is placed in the supine position, under general
anesthesia, and the mouth remains open usinf distractors
(c). After PMMA injection, total remodeling of the
odontoid process recreating the C1-C2 articulation is
demonstrated (d and e)
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Fig. 11.7 C2 vertebroplasty.
Multidetector-row
computed tomography
(MDCT) coronal and axial
MP reconstruction at the
cervical level show a
multiple myeloma lesion at
C2 (a and b). The patient is
placed in the supine position
under general anesthesia.
The mouth remains open

by the use of distractors

(c and d). Left lateral and
anteroposterior views under
fluoroscopic control after
PMMA injection show good
distribution of cement into
the lesion without leakage
(e and f). Three-dimensional
volume-rendered MDCT
shows good distribution of
the PMMA (g)
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11.6 Vertebroplasty and
Extravertebral Tumors

Another point to consider is whether convention-
al vertebroplasty can be carried out in cases of
a neoplastic vertebra with an extravertebral soft-
tissue tumor. Previously, an extravertebral tumor
was considered to be a contraindication for verte-
broplasty (especially in cases of severe epidural
extension). Even though severe compressive my-
elopathy remains an indication for conventional
open surgery to decompress the spinal cord, an
increasing number of studies focusing on the
“emboligenous” effect of injected PMMA has
been published [43-45], and the procedure has
become used widely (even in cases of epidural
involvement of the disease) with very low preva-
lence of complications [15]. Ischemic changes of
paravertebral tissue immediately after vertebral
augmentation can be demonstrated by contrast-
enhanced CT or MRI, and persistent regression
of the tumor can be documented in follow-up
studies (Figs 11.8-11.10). Even though the cause
of spontaneous regression of extravertebral ex-
tension of metastatic disease after vertebroplasty
remains unknown, several mechanisms have
been proposed. Deramond et al. suggested that
the thermal effect related to PMMA could be re-
sponsible for the observed cytolytic effects [46],
but this does not seem probable considering the
low-temperature hardening PMMA that is com-
monly used. Kayamura et al. suggested that the
regression could be related to the activation of
messenger ribonucleic acid (mRNA) by PMMA,
with new synthesis of tumor necrosis factor
(TNF) [47]. However, considering the size reduc-
tion detected a few days after augmentation, this

mechanism do not seems feasible. Considering
the embolic effect of PMMA injection demon-
strated in the literature [44], ischemic changes
could be considered to be the main cause of im-
mediate reduction in tumor size after vertebro-
plasty [45].

11.7 Vertebroplasty and the
Neoplastic Posterior Arch

The pedicle and posterior arch are crucial for
spinal stability. At the thoracic level, 260% in-
volvement of the VB is considered to suggest the
risk of vertebral collapse. However, if the pedi-
cle/posterior arch is involved, 25% erosion of the
VB is sufficient to cause vertebral creeping [48].
Moreover, the entire posterior arch is considered
to be a very sensitive area for local pain. Several
authors have demonstrated neoplastic involve-
ment of elements of the posterior arch to be as-
sociated with severe local pain, and local infiltra-
tion in case of persistent pain after vertebroplasty
has been suggested [49, 50].

Previously, neoplastic involvement of the
posterior arch was considered to be a contrain-
dication to vertebroplasty. This was mainly be-
cause of the difficulty in visualizing PMMA
distribution during injection into the pedicle us-
ing the C-arm assisted procedure, as well as the
consequent risk of PMMA leakage into the spi-
nal canal. However, if a CT-guided technique is
employed, use of a small-gauge needle (13-15
G) and multiple mini-injections of PMMA can
be used to reconstruct almost every part of the
posterior arch, thereby sparing the spinal canal
(Figs 11.11-11.15).
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Fig. 11.8 Spontaneous regression of a tumor after PMMA injection in a
patient with a gastric cancer metastatic lesion of the posterior-third of L5
with intra-canal extension of the tumor. The preoperative T1-weighted
image shows a large hypointense mass bulging into the spinal canal (a) with
extensive enhancement of contrast after intravenous injection of GADTP (b).
Immediately after vertebroplasty, the posterior location of the PMMA can
be observed on MRI (¢) and CT image reconstruction (d). Follow-up MRI
after 4 weeks shows regression of the epidural mass without other chemo- or
radiotherapeutic treatment (e)
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Fig. 11.9 Spontaneous regression of a metastatic sacral
lesion from primary lung cancer. The preoperative sacral
two-dimensional CT reconstruction image (a) shows

a large lesion at the level of the left sacral wing with
erosion of the left sacral foramina and intraforaminal
extension of the tumor compressing the sacral nerve

(a). PMMA injection was undertaken, respecting the
foramina profile, into the left sacral wing (b). Follow-up
CT at 2 weeks shows marked PMMA -induced reduction
of the intraforaminal extension of the tumor, with
recovery of the normal shape of the S1 nerve (c and d)
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Fig. 11.10 Spontaneous regression of epidural tumor extension in a female with T11 involvement due to breast cancer
metastasis and paraparesis. The preoperative contrast-enhanced CT study shows tumor extension into the perivertebral
space and spinal canal with spinal-cord compression (a). PMMA augmentation is undertaken involving mainly the
posterior-third of the vertebral body of T11 (b). Upon immediate contrast-enhanced follow-up, no enhancement of the
epidural intrathecal lesion and paravertebral lesion on the right side can be seen, which is probably related to ischemic
chances induced by PMMA augmentation (c). At 4-week follow-up, the paraparesis has resolved and no recurrence of
the tumor can be seen in the spinal canal (d)



11 Vertebroplasty and Spinal Tumors 143

Fig. 11.11 Pedicle reconstruction in a patient with multiple
myeloma. The preoperative image shows a large defect of
the body as well as the pedicle and rib processes of a T10
vertebra on the left side (a). After PMMA augmentation,
subtotal filling of the lytic lesion occurs (b and c), thereby
resolving the original costovertebral pain
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Fig.11.12 Pedicle augmentation in a female with painful
focal left pain at the T6 level. Before augmentation, a lytic
lesion of the left transverse process related to localization
of breast cancer metastases can be seen (a). After PMMA
injection, total filling of the left transverse process can be
observed on axial, sagittal and coronal CT reconstruction,
with resolution of the pain (b)

Fig. 11.13 Reconstruction of the body, pedicle and transverse process in a patient with T12 lung cancer metastases.
Before PMMA injection, a large painful osteolitic lesion can be seen involving the left pedicle and transverse process
of the T12 vertebra (a). After PMMA injection, full remodeling of the vertebra can be seen, recreating the missing left
pedicle and articular process (b)
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Fig. 11.14 Bone remodeling in T9 vertebra due to

lung cancer metastases. Before vertebroplasty, a large
bone defect can be observed at the level of the right T9
hemisoma, with disappearance of the ipsilateral pedicle
and severe involvement of the transverse process (a).
Three needles are used to recreate the missing vertebra
(b), thereby eliciting remodeling of the pedicle and
transverse processes (€¢)
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Fig. 11.15 Bone remodeling in L5 vertebra due to breast cancer
metastases. T2-STIR MRI shows a hyperintense signal at

L5, suggesting that a metastatic lesion is present (a). Sagittal
MDCT multiplanar reformatting (MPR) shows a lytic lesion

at L5 (b). The anteroposterior view under fluoroscopic control
during vertebroplasty using a bipediucular approach shows good
positioning of the needles (c¢). Left lateral and anteroposterior
views under fluoroscopic control post-vertebroplasty show
PMMA remodeling of the lesion without cement leakage (d and
e). Sagittal MDCT MPR shows the remodeling effect due to
PMMA (f)
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Fig. 11.16 Small sacral lesion and targeted PMMA injection in a patient with multiple myeloma. On CT (a) and T1-
weighted MRI (b), a small lesion can be observed at the body-to-wing line of the sacrum. A 11-G needle is placed
carefully into the lesion via a CT-guided transalar approach (c) and the lesion filled with PMMA, resulting in pain
resolution (d)

11.8 Vertebroplasty and the
Neoplastic Sacrum

Neoplastic involvement of the sacrum can be
part of secondary disease. It can be responsible
for severe local pain, preventing the patient from
sitting or standing up. Pain control is based on
radiotherapy and/or drug use. More recently,
percutaneous interstitial laser photocoagulation
(ILP) of vertebral bone tumors such as osteoid
osteomas under CT or MRI guidance has been
used to obtain thermal destruction of the nidus
tumor with low-power laser energy. ILP is a
minimally invasive method that can be an alter-
native to conventional surgical treatment (i.e.,
percutaneous laser photocoagulation of spinal
osteoid osteomas under CT or MRI guidance
[51-54]. Sacroplasty using intra-tumor injection
of cement is a powerful tool for pain relief, even

for very small sacral lesions (Fig. 11.16). From
a technical viewpoint, if C-arm fluoroscopy is
adopted to introduce a needle, the overlapping
bony pelvis usually obscures sacral visualization
to a considerable extent. This complicates assess-
ment of whether the injected cement is contained
within the sacrum or has leaked outside the sacral
boundaries (i.e., into the sacral foramina) [55].
Garant et al. [56] attempted to overcome this
problem by placing several 15 cm-long, 20-G
Chiba needles in the sacral foramina to identify
their location during PMMA injection. However,
lateral-view C-arm fluoroscopy is frequently in-
sufficient for safe depiction of the sacral forami-
na and sacral boundaries.

CT guidance during sacroplasty and adoption
of manual PMMA micro-injection with small sy-
ringes (i.e., 1.5-2.0 cm® by time) appears to be the
best choice to reduce the risk of extrasacral leakage
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Fig. 11.17 Sacral reconstruction in a case of lymphoma.
Preoperative two-dimensional (a) and three-dimensional (b)
CT as well as coronal T1-weighted MRI (c) show a large
mass involving the left wing of the sacrum. The first injection
of PMMA (d) did not result in full reconstruction of the
sacrum due to too much space between the PMMA and the
iliac bone (e). Hence, a second needle was introduced (f)

and full augmentation of the sacrum reaching the level of the
sacroiliac joint is obtained (g) with pain resolution
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Fig.11.18 A different approach to carrying out a sacroplasty. The Jamshidi needle can be introduced through the sacral
wing (a) or directly into the sacral body via the posterior sacral foramina (b), paying sparing attention to sparing the

sacral nerve

for two main reasons. First, one can immediately
appreciate the initial intraforaminal leakage. The
procedure can be stopped and the needle moved
away from the foramen to prevent intraforaminal
extravasations (Fig. 11.17). Second, the best ori-
entation of the needle can be chosen easily. The
vertebroplasty needle should be oriented to cover
the entire extension of the sacral fracture accord-
ing to the shape of the sacrum and the distribution
of the sacral tumor osteolysis. New access routes
different to the traditional transpedicular approach
(e.g., parapedicular route, transdiskal access) have
been adopted by several authors [57] to reach the
VB. One of the advantages of a combination of
a C-arm-assisted procedure and CT-guided pro-
cedure [58] is the abilty to choose the best route
to reach the target because markers (i.e., pedicles)
are not needed. In general, the transalar and trans-
foraminal approaches can be adopted to minimize
the risk of complications (Fig. 11.18). Moreover,
in patients with anarchic osteolysis related to
malignancies, the chance to see the true PMMA
distribution inside the sacrum permits consolida-
tion of all the area occupied by the disease. This
allows sacral remodeling to be undertaken in the
case of extensive osteolytic disease (Fig. 11.19).
Finally, as demonstrated by several authors, CT-
guided spinal interventional methods significantly
reduce radiation exposure to the patient and the
operator. Recently, Perisinakis et al. demonstrated
that fluoroscopic-guided vertebroplasty and ky-
phoplasty exposed patients to significant radiation
doses: 10 min of fluoroscopic exposure equated to

a mean value of 173 mGy for vertebroplasty and
233 mGy for kyphoplasty. Histological analyses
of skin specimens of patients who underwent 10
min of kyphoplasty demonstrated cellular injuries
[59, 60].

11.9 Aneurysmal Bone Cysts (ABCs)

ABCs are expansive osteolytic lesions with thin
walls containing blood-filled cystic cavities. Al-
though benign, ABCs can be aggressive and can
cause extensive weakening of the bony structure
and impinge on surrounding tissues. Malignant
transformation is extremely rare [61]. ABCs pre-
dominantly affect individuals aged <20 years,
with a female preponderance [62—64]. The cause
of ABCs is not known [65]. The tibia and femur
are affected in 24.7% and 17.3% of all cases,
respectively, followed by the upper extremi-
ties (10%) and pelvis (9%). About 14% of all
ABCs are encountered in the spine, with those
in the cervical spine making up only 2% [66].
The expansive nature of the lesions can cause
pain, swelling, deformity, disruption of growth
plates, neurological symptoms (depending on
their location), and pathologic fractures [66—67].
ABCs can be asymptomatic, but usually produce
pain that is resistant to medication. Occasionally,
ABCs can be found incidentally or cause acute
onset with spinal cord syndrome.

The treatment of spinal ABCs is controversial.
For vertebral lesions, the choice of treatment must



150

L.Manfre et al.

Fig. 11.19 Subtotal sacral remodeling using multiple
needles in a patient with multiple myeloma and severe
sacral pain. Preoperative axial CT (a) and T2-weighted
STIR MRI (b) show a large osteolytic lesion with total
destruction of the right sacral wing, sacral body and the
right wall of the sacral canal. After treatment, remodeling
of the sacral wing and posterior wall of the sacral canal
can be observed, with remodeling the right first and
second sacral foramina and with no leakage into the
sacral canal (c and d)

take into consideration the risk of neurological
and vascular lesions as well as preserving the sta-
bility (and, if possible, mobility) of the spine [65].

Surgery is the first-line treatment for these
lesions, and includes resection, curettage and
spinal fixation. These procedures carry the risk
of significant blood loss, postoperative spinal
deformity, axial deformity, and postoperative
hemorrhage [68]. Some authors have proposed a
simple intra-lesion excision with bone grafting.
Other authors have proposed “en-bloc” resection
of the involved vertebra as the only treatment
free from the risk of local recurrence [65], but
this treatment is frequently complicated by ky-
phoscoliosis and compression of the spinal cord

and nerve roots. Deformity is frequently wors-
ened by the surgical procedures often needed for
control of these lesions, which can involve more
than one level [69]. Hemorrhage and pulmonary
embolism can occur during or after surgery [67,
70-72].

Other strategies include radiotherapy, scle-
rotherapy and endovascular treatment [73-74].
In general, radiotherapy is contraindicated be-
cause of the risk of inducing neoplasm forma-
tions (sarcomas), gonadal damage, and disrup-
tion of growth plates. Nevertheless, low-dose
radiotherapy is used occasionally to treat lesions
that cannot be treated by surgery [73]. Another
option is selective arterial embolization, which
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Fig.11.20 A 11-year-old female affected by pain and a mass

in the lumbar and pre-sacral region. Sagittal T1-weighted MRI
shows inhomogeneous tissue of the sacrum bone (a). Axial CT
shows a large lytic lesion of the sacrum bone (patient in the
prone position) (b). Percutaneous direct sclerotherapy under

CT guidance in patient in the prone position (¢). Final MDCT
control with coronal and sagittal MPR reconstruction after direct
percutaneous sclerotherapy (d—g)
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has a recurrence rate that is not significantly dif-
ferent from that observed after intra-lesion exci-
sion. However, it is associated with the risk of
spinal-cord ischemia (especially if the ABC is at
the thoracic level). Some authors have proposed
preoperative arterial embolization followed by
surgical excision with bone grafting, whereas de
Kleuver et al. considered arterial embolization to
be insufficient treatment [75]. de Cristofaro et al.
reported a recurrence rate of 10.5% after super-
selective embolization [76].

Percutaneous intra-lesion injections represent
a relatively new minimally invasive therapeutic
option for ABCs. They can be combined with
surgical or endovascular treatments (especially
for large and resistant lesions) [75-77]. The pro-
cedure comprises percutaneous injection of glue
directly into the lesion to obtain obstruction at
the venous side of the multiple parietal arteriolar
afferents of the ABC by direct damage to the en-
dothelial lining. This triggers a coagulation cas-
cade and thrombotic occlusion of blood vessels
[78], thereby avoiding the potential functional
disabilities produced by surgery or radiotherapy
(Fig. 11.20).

Several sclerotic agents have been devel-
oped. Polidocanol, Ethibloc® or Glubran® can
be combined with super-selective embolization
by Onyx®. The rationale of using these agents
is to elicit arterial embolization of the feeders or
venous embolization by direct injection of the
cystic lesion.

Polidocanol (3% hydroxypolyaethoxydode-
can) is used for the treatment of varicose veins
as well as venous malformations of the head and
neck. Rastogi et al. reported good outcomes with
a mean clinical response of 84.5% with low re-
currence rate (2%), with the avoidance of compli-
cations such as hypopigmentation, injection-site
necrosis, pulmonary embolism, osteomyelitis,
and allergic reactions [78].

Ethibloc is a fibrosing and sclerotic agent con-
taining a hydroalcoholic radiopaque solution of
zein, a contrast agent, oleum papaverin and pro-
pylene glycol. Falappa et al. and Adamsbaum et
al. reported good outcomes in long-term follow-
up in subjects treated by direct percutaneous in-
jection of Ethibloc, demonstrating it to be a safe

and efficient minimally invasive method [79-81].
Glubran is a cyanoacrylate-based synthetic
glue that becomes radiopaque upon addition of
Lipiodol® (which is also the diluent). Glubran
polymerizes in contact with blood to elicit a
sclerotic effect. The speed of polymerization is
dependent upon its dilution with Lipiodol. The
amount injected is dependent upon the extension
of the lesion and vascular structures. However,
injection requires in-depth study of the lesion, its
circulation and the collateral circulation to avoid
severe complications due to inappropriate use.
Onyx is a biocompatible liquid polymer that
precipitates and solidifies in contact with blood,
thus forming a soft and spongy embolus. The
injected material is sufficiently thick to fill ves-
sels but does not adhere to the catheter. Three
concentrations are available to permit a range of
precipitation rates. One drawback of Onyx is the
angiotoxicity of dimethylsulfoxide. It is injected
under fluoroscopic guidance if combined with di-
rect percutaneous treatment. The procedure is em-
ployed under general anesthesia or local anesthe-
sia (depending on patient cooperation) and under
fluoroscopic guidance. In general, and especially
for vertebral sites, the needle used is the same as
for percutaneous injection (16 G). It can be posi-
tioned directly into the lesion followed by a slow
injection of the agent for better control of flow.
Very careful and considered patient selection with
good understanding of vascular anatomy is rec-
ommended for correct use of this procedure [82].

11.10 Osteoid Osteoma (00)

0O is a small, benign (but painful) reactive bone
lesion that, in general, occurs in males aged 10—
20 years. The tumor is characterized by a nidus of
diameter <1.5 cm and comprised well-organized
trabecular bone with vascular fibrous connec-
tive stroma surrounded by reactive cortical bone.
Most lesions are found in the long bones of the
lower extremities (particularly the metadiaphy-
seal regions of the femur and tibia). Intramedul-
lary and subperiosteal lesions are less common,
are usually intra- or juxta-articular, and usually
demonstrate less osteosclerosis (which may ap-
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pear at some distance from the nidus) [83].
Spinal OO accounts for 10-25% of all cases

of OO and 1% of spinal tumors (59% in the lum-

bar, 27% in the cervical, 12% in the dorsal, and

2% in the sacral region). It involves the posterior

elements in 70-100% of cases and the VB in 7%

of cases [83]. Spinal OO typically begins with an

insidious onset of pain over the affected region
that may radiate distally. Scoliosis can occur at
the side of the lesion due to asymmetric muscle
spasm. This causes asymmetric inhibition of the
growth of the vertebral epiphysis and leads to

a rotaional deformity. In general, most of these

lesions are asymptomatic but management can

become complex if they become symptomatic.

Spontaneous regression due to unknown mecha-

nisms has been documented.

The treatment options are:

e medical therapy with aspirin;

e en-bloc resection,;

* minimally invasive percutaneous treatment
with radiofrequency ablation (RFA).
Minimally invasive percutaneous treatment

with RFA was described by Rosenthal et al. in

1989 and 1992, and was undertaken with CT

guidance under local anesthesia [84]. The pro-

cedure involves placement, using a bone biopsy
needle, of a radiofrequency probe into the nidus.

At this point, RFA is carried out by inducing ther-

mal necrosis of the lesion. Two cycles of ablation

at 90°C for 2 min are needed for lesions of diam-
eter <1 cm whereas for lesions of diameter >1
cm, a further two 2-min cycles in a different posi-
tion are required. The duration of the procedure is
about 90 min, but the duration of post-procedural

hospitalization for observation is 3—24 h [84-85].

All daily activities can be resumed immediately

without external supportive help.

The principle of RFA is use of an alternating
current of high-frequency radio waves (>10 kHz)
that pass from an electrode tip in body tissue and
which dissipates its energy as heat. A radiofre-
quency generator forms an electric current that
flows from the generator, through the electrode,
into the patient and out through a ground elec-
trode back to the generator. The resistance of
biological structures causes local ions to vibrate.
This “ionic agitation” results in friction around

the electrode tip as ions change direction due to
the alternating current and create heat to the point
of dessication [86].

Vanderschueren et al. [87] reported a success
rate of 79% on 28 RFAs without complications.
Cioni et al. [88] observed good outcome in 30/38
patients. Rosenthal et al. demonstrated a success
rate of >85% [86]. The recurrence rate is 5-10%
and skin burns are reported quite often [8§3—-90].

The relative contraindications for RFA are:

* alesion on the hand in the spine (<1 cm from
vital structures such as nerves);

e pregnancy;

o cellulitis;

*  sepsis;

* coagulopathy.

Lesions with a nidus >1 cm usually require
multiple applications of the electrode in various
positions. Percutaneous RFA ablation induces
necrosis in the lesion. It is a minimally invasive
alternative to surgical treatment of OOs.

11.11 Vertebral Hemangiomas (VHs)

VHs are benign tumors with a rich vasculature.
They represent 2-3% of all spinal tumors, and
are identified in 10-12% of all vertebral autop-
sies [91-93]. They are usually asymptomatic and
are diagnosed as accessory findings during radio-
graphic or MRI examinations undertaken for oth-
er purposes. They tend to remain stable over time.
Only 0.9-1.2% of VHs are symptomatic [94-95].
Symptoms vary from vertebral pain (54% of
cases)—sometimes resistant to conservative medi-
cal treatment—to progressive neurological deficits
(45% of cases) due to a vertebral fracture or med-
ullary compression related to extension of the le-
sion to the VB/vertebral arch [95-96].

The histological pattern is characterized by
anomalous vascular proliferation with regular
venous and capillary structures (more frequently
in the vertebral soma). A cavernous and capillary
pattern of VH can be distinguished. The most
common type that occurs in VBs is the cavernous
variety, which is characterized by large sinusoi-
dal spaces of venous engorgement and a single
stratified epithelium [93, 97, 98].
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VHs become symptomatic with the onset of
critical neurological deficits as: the lesion grows
in the VB or vertebral arch; when they deter-
mines the compression of the dural sac or of the
nerve root due to presence of epidural tissue; or
due intra-lesion bleeding. Venous types of con-
gestion impair the trabecular architecture of the
vertebral bone, thereby leading to fractures [97].

The physiological changes that occur during
pregnancy tend to stress the growing tendency of
VHs (especially during the first trimester of gesta-
tion). In fact, venous occlusion, increased intra-
abdominal pressure, and the vascular redistribu-
tion of flow in the vertebral venous plexus due to
uterine enlargement predispose to VH growth and
to the related onset of compression fractures [99].

The management of VHs is complex. Surgery
or radiotherapy have been first-line treatments for
several years, but are worsened by intraoperative
and postoperative hemorrhagic complications re-
lated to the rich vascularization that characterizes
this type of lesion [92-93].

Recently, vertebroplasty (with or without
MRI) has been introduced as an alternative to
traditional surgical and radiotherapy of sympto-
matic VHs . The principle of vertebroplasty is to
completely fill the vertebral lesion with cement
(PMMA) to achieve irreversible sclerosis of the
hemangiomatous venous pool, thus obtaining
an antalgic effect. Moreover, in the case of ver-
tebral fracture due to compression from tumor
growth, the cement stabilizes the movements of
the trabecular microfractures of the spongious
bone which is responsible for the pain, and it also
makes the VB more compact and resistant [100].

The main characteristics that make vertebro-
plasty the first-line treatment for VHs are a mini-
mally invasive approach, early antalgic effect,
and the low prevalence of complications. The
low level of invasiveness is related to the use of a
11-15 G needle (depending on the location of the
VH) with a length of 10—15 cm through the verte-
bral pedicle. Traumatic cutaneous and muscular
incisions are not required. This type of procedure
reduces the duration of hospitalization and offers
a faster and less painful postoperative recovery.

The procedure is the same as that used for the
treatment of porotic or primary/secondary verte-

bral tumors. However, a bipedicular approach is
recommended to guarantee complete filling of
the VB with an antalgic effect. The amount of ce-
ment used is dependent upon the size of the VH.
In general, filling up the VH is the most important
feature to obtain complete venous embolization.
During treatment of expansive cavernous VHs, the
perivertebral component of the lesion can become
thrombosed even if it is not directly involved in
the cement injection because the thrombolization
is secondary to cementification of the main vascu-
lar bed, as described by Manfre et al. [101].

Deramond et al. [102] described the success-
ful outcome of vertebroplasty for the treatment
of symptomatic and/or VHs with neurologi-
cal deficits in >80% of patients, even if the le-
sions showed aggressive features upon imaging.
Brunot et al. [103], in the short-term and long-
term follow-up of treatment with vertebroplasty
of symptomatic VHs observed efficacious treat-
ment in 90% of cases and, in the long term, 3
patients preemptively treated for aggressive VHs
remained asymptomatic. None of the treated
patients showed a worsening of symptoms dur-
ing the follow-up. Our research team has also
observed complete remission of vertebral pain
within 24-72 h of treatment without major or mi-
nor complications in all patients [100].

The selection criteria for cervical VHs are
very strict. Patients with persistent pain with
signs of atypical VH upon MRI should undergo
vertebroplasty. Treatment can be combined with
laminectomy. Feydy et al. [104] described 2 cas-
es of symptomatic and non-aggressive VHs at the
C4 level treated with vertebroplasty with a good
antalgic effect and good vertebral stabilization
as well as prompt regression of pain. Dousset
et al. [105] reported a case of non-symptomatic
but collapsed VHs treated with vertebroplasty for
spinal stabilization.

Some authors have described the association
of PMMA injection with direct intra-lesion injec-
tion of ethanol (<15 mL). Ethanol emphasizes the
sclerotizing effect of the cement, thereby produc-
ing thrombosis of vascular angiomatous lesions.
Nenertheless, injection of too large much etha-
nol in one dose can produce vertebral collapse
[106-108].
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Fig.11.21 Typical
vertebral hemangioma at
the dorsal level. Sagittal
T1-weighted and T2-
weighted MRI show

the typical hyperintense
signal (a and b) without
epidural tissue or cortical
erosion. The patient was
asymptomatic

Fig. 11.22 Atypical
vertebral hemangioma

at the dorsal level with

a hypointense signal on
sagittal T1-weighted MRI
(a) and a hyperintense
signal on T2-weighted MRI
(b) as well as homogeneous
contrast enhancement on
T1-weighted MRI on mild
soft epidural tissue (c).
Axial MDCT confirms the
hemangioma of the vertebra
at the dorsal level (d)
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Fig. 11.23 An aggressive vertebral haemangioma with epidural tissue

The risk of complications for VHs (as well
as for all vertebroplastic treatment) is related to
cement leakage during extravertebral intra-canal
injection, as well as in the prevertebral and para-
vertebral venous plexus with the risk of spinal-
cord compression or pulmonary embolism [100].
In the treatment of the VHs, this risk is increased
doing arterial access due to anarchic intraverte-
bral vascularization, aggressive lesions, high-
flow ectasisia (due to expansive angiomas) or the
formation of intravertebral and paravertebral ve-
nous neoanastomoses related to the tumor exten-
sion. The risk is reduced by carrying out venous
embolization with vertebroplasty.

To reduce the risk of complications during the
vertebroplasty of VHs, restricted selection crite-
ria are recommended. The population affected by
VHs can be divided into four categories on the
basis of clinical manifestations:

e asymptomatic patient with no sign of an ag-

gressive VH (Fig. 11.21);

* symptomatic patient with no sign of an ag-
gressive VH;

e asymptomatic patient with signs of an aggres-
sive VH;

e symptomatic patient with signs of an aggres-
sive VH.

The final group can be subdivided further
based on the presence or absence of an epi-
dural vascular component. Hypo-intensity on
T1-weighted MRIs and hyperintensity on T2-
weighted and T2 short TI inversion recovery
(STIR) sequences with enhancement after con-
trast injection, the presence of epidural tissue, or
evidence of cortical erosion are radiological fea-
tures of aggressiveness (Fig. 11.22 and 11.23).
Vertebroplasty is not indicated for patients in
the first group. For patients in the second group,
there could be an indication for vertebroplasty
related to the presence of low back pain even in
the absence of radiological evidence of aggres-
siveness. The patients in the third group must
be evaluated carefully; management comprises
annual MRI to check disease evolution. In fact,
this treatment must be reserved only for VHs that
are symptomatic and resistant to common con-
servative treatments, with radiological evidence
of aggressiveness and/or epidural extension. All
patients in the fourth group must undergo verte-
broplasty [109] (Fig. 11.24).
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Fig.11.24 Patient with dorsal and low
back pain. Sagittal T2-weighted MRI
shows a typical vertebral hemangioma at
L2 and an aggressive and symptomatic
vertebral hemangioma at T10 (a). The
anteroposterior view under fluoroscopic
control during vertebroplasty of the
vertebral hemangioma at T10 by a
bipedicular approach (b). Anteroposterior
(c) and left lateral (d) views under
fluoroscopic control after vertebroplasty
of T10 and L2 (preventative) lesions (¢
and d). Sagittal MDCT MPR and sagittal
T1-weighted MRI after vertebroplasty
show the remodeling effect elicited by
PMMA (e and f)
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Kyphoplasty and Kyphoplasty-like
Devices: Indications and Results
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12.1 Introduction

Kyphoplasty (KP) can be considered to be a de-
velopment and evolution of vertebroplasty (VP).
In fact, KP has been termed “balloon or mechan-
ical-assisted VP”. The first KP was carried out in
the USA in 1998 [1]. The procedure involves de-
livering cement in the form of polymethylmeth-
acrylate (PMMA) or other types of cement into a
fractured vertebral body (VB) under fluoroscopic
guidance after dedicated balloon tamps have
been used to create a cavity within the compacted
trabecular bone [2].

The rationale of KP is to combine the analge-
sic and vertebral consolidation effects of VP with
restoration of the physiological height of the col-
lapsed VB. This action reduces the kyphotic de-
formity of the VB, thereby eliciting normal ver-
tebral biomechanics, improving respiratory and
gastrointestinal dysfunction, and producing some
of the advantageous clinical effects seen with VP.

The main indications for KP are osteoporotic
and non-osteoporotic vertebral fractures. These
include primary and secondary vertebral tumors,
Magerl type-Al fractures, and selected Magerl
type-A2 and -A3 fractures [3—4]. As with VP, the
major indication is for porotic vertebral compres-
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sion fractures (VCFs) with spinal pain refractory
to conservative medical and physical treatment
[5-12]. Approximately 70% of eligible patients
are treated with VP and 30% with KP.

12.2 Indications

A VCF with pain is the major indication for KP.
Reduction of the kyphotic deformity is the pri-
mary goal of all KP devices because such sys-
tems can be used to recover the height of the VB.
Hence, KP should be recommended in cases of
loss of vertebral height of 250%. The diagnostic
approach is similar to the one employed for VP.
Patient selection is based upon examination by
magnetic resonance imaging (MRI) with sagit-
tal T2-short-term inversion recovery (STIR) with
fat-suppression sequences. T2-STIR sequences
are used to choose the type of treatment and the
number of VBs showing bone-marrow edema
that can be treated.

The absolute contraindications of KP are lo-
cal or systemic infections, coagulopathy, allergy
to PMMA, and a painless vertebral fracture. The
relative contraindications are the same as those
described for VP (see chapter 9). Multiple my-
eloma and spinal metastases can also be treated
by KP [6, 7, 12].

Vertebral traumatic fractures can be defined
as “stable” or “unstable” according to three-col-
umns theory [13—15]. Multiple classifications of
vertebral trauma are available, including those of
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Table 12.1 Magerl classification of fractures

A Al Impaction fracture
Compression injury

A2 Split fracture

A3 Burst fracture

B B1 Post-ligament lesion
Distraction injury
B2 Post-bony lesion

B3 Anterior disk rupture

C C1 Type A with rotation
Rotation injury

C2 Type B with rotation

C3 Rotational shear injury

Holdsworth, Louis, Roy-Camille, Ferguson and
Allen, Magerl, Patel, and Aebi. The most utilized
classification is that of Magerl. This classification
divides trauma into types of injury (compression,
rotation, distraction) with multiple subtypes (Ta-
ble 12.1). The major indications for KP are for
traumatic vertebral fractures of the Magerl Al
type; selected patients with traumatic vertebral
fractures of Magerl A2 and A3 types can also
be considered for KP [3—4]. Patients affected by
Magerl Al-type fractures can also be treated with
orthesis device, bed rest and medical/physical
therapy for 23—6 months. One cannot exclude the
possibility of development of a kyphotic deform-
ity due to the problems related to orthesis devices
such as respiratory disturbances and sleep prob-
lems. KP is a suitable treatment for Magerl Al
fractures because it can restore vertebral height
and guarantee homogeneous distribution of ce-
ment with better axial resistance to loads. Patients
who have suffered polytrauma, elderly subjects
in whom a surgical indication is not suggested,
and individuals in which the risk of surgery and

Al.1 Endplate impaction
A1.2 Wedge impaction
A1.3 With collapse

A2.1 Sagittal

A2.2 Coronal

A2.3 Pincer

A3.1 Incomplete

A3.2 Burst/split

A3.3 Complete

B1.1 With disk disruption
B1.2 With type-A fracture
B2.1 Transverse bi-column
B2.2 With disc disruption
B2.3 With type-A fracture
B3.1 with subluxation
B3.2 with spondilolysis
B3.3 with post dislocation
C1.1 With wedge

C1.2 With split

C1.3 With burst

C2.1 BI with rotation
C2.2 B2 with rotation
C2.3 B3 with rotation
C3.1 Slice fracture

C3.2 Oblique

anesthesia is too high can also be considered for
KP. There are no absolute rules about the timing
also of KP except that traumatic fractures should
be treated as soon as possible [16].

12.3 Procedure

A bilateral trans-pedicular approach under fluor-
oscopic guidance is essential to obtain good res-
toration of VB height and homogeneous cement
filling. High-quality fluoroscopy is also very im-
portant to have complete anatomical control of
the spine (even in elderly scoliotic patients). An
appropriate pedicular approach lessens the risks
of complications. The dimension of the pedun-
cles is important to direct the correct anatomical
approach, and it should be checked the treatment
is decided.

KP can be undertaken with local anesthetic
but general anesthesia may be required if more
than one level is to be treated or in trauma cases
(especially if the patient is young due to their
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Fig 12.1 72-year-old female with severe osteoporosis and acute back pain resistant to medical therapy due to a verte-
bral fracture at the L1 level. Left lateral view under fluoroscopic control during KP with the vertebral body stenting
system at the L1 level by a bipendicular approach shows the correct position of needles into the vertebral body (a). Left
lateral view under fluoroscopic control after deployment of the vertebral body stent into the L1 level (b). Left lateral
and anteroposterior views under fluoroscopic control after KP show augmentation after deployment of the vertebral
body stenting system with homogeneous distribution of cement into the soma without venous or disk leakage (¢ and d)

different bone structure). This is because of the
dimension of the cannulas are used in KP (8-12
G) compared with those utilized in VP (13-15
G). Also, KP takes longer to complete than VP.
Once local anesthesia has been induced, the nee-
dle is positioned in the VB through a trans-pedic-
ular approach until the posterior wall is reached.
The medial margin of the peduncle is a crucial
anatomical landmark to check in anteroposte-

rior view before passing over the posterior wall
of the VB in the left lateral view. At this point,
a Kirschner wire (K-wire) can be used. The
first cannula is removed, leaving the K-wire in
situ, and the working cannula is positioned. A
metallic drill can also be used to model the tra-
becular bone to enable insertion of the tamp. The
drill is removed and the balloons inserted. The
inflators are connected to the balloon and, under
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Fig 12.2 52-year-old female with a traumatic vertebral compression fracture at the L3 level. Left lateral view under
fluoroscopic control during KP during balloon-KP at the L3 level by a bipendicular approach shows the correct position
of needles into the vertebral body (a and b). Anteroposterior and left lateral views (¢ and d) under fluoroscopic control
after KP show augmentation after deployment of the vertebral body stenting system with homogeneous distribution of
cement into the soma without venous or disk leakage

fluoroscopic control, balloon inflation can begin
with the use of diluted contrast media. In case of
KP like-devices, the system is inserted through
the working cannula after the use of a drill
and bone compactor. A stent (or any other type
of system) is inserted through the working can-
nula and can be released to achieve height res-
toration.

The amount of cement injected into the VB

is extremely variable, i.e., 2-4 mL by each pe-
duncle depending on the metamer being treated
(thoracic or lumbar), and the degree of collapse
in the VB. There are no absolute rules regarding
the amount of cement to be injected. The cement
is injected through bone filler or through a 1-mL
syringe. The procedure is identical no matter
which VB augmentation devices are used (Figs
12.1-12.6).
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Fig. 12.3 75-year-old female with
osteoporotic disease and acute back
pain resistant to medical therapy.
Sagittal T1-weighted MRI shows an
acute fracture at the T11 level with

a hypointense signal (a). Sagittal
T2-weighted MRI and STIR-MRI
show a hyperintense signal at the T11
level due to bone-marrow edema (b
and ¢). Antero-posterior and lateral
views and anteroposterior views under
fluoroscopic control after KP with the
vertebral body stenting system show
augmentation with homogeneous
distribution of cement into the soma
(d and e). At 1 week, because of

new acute back pain, new MRI was
undertaken; sagittal T1-weighted MRI showed a new vertebral fracture at the T12 level after KP with vertebral

body stenting at the T11 level (f). Sagittal T2-weighted MRI and STIR-MRI show a new symptomatic vertebral
compression fracture after KP with vertebral body stenting at the T12 level with a hyperintense signal on STIR-MRI
due to bone-marrow edema and a low signal at the T11 level due to polymethylmethacrylate (g and h). Antero-
posterior (i) and lateral (j) views under fluoroscopic control after the second treatment show VP into the new vertebral
compression fracture at the T12 level without venous or disk leakage as well as preventative VP at T10 and L1 levels
with a good antalgic effect (i and j)
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Fig. 12.4 Left lateral (a-b) and anteroposterior (c)
views under fluoroscopic control during treatment using
the Kiva® system at the L1 level using a unipedicular
approach (a—c). Left lateral and anteroposterior views
under fluoroscopic control during treatment using

the Kiva system at the L1 level using a unipedicular
approach shows good distribution of cement without
venous or disk leakage (d and e)
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Fig. 12.5 78-year-old female with
vertebral metastasis at the T12 level
due to breast cancer. Sagittal T2-
weighted-STIR and T2-weighted
MRI show a metastasis at the T12
level with a hyperintense signal on
STIR-MRI (a and b). Left lateral
view under fluoroscopic control
shows good positioning for the
Kiva® system after KP (c). Sagittal
and coronal multidetector CT show
good distribution of cement without
venous or disk leakage (d and e)
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Fig. 12.6 78-year-old male with severe osteoporosis and acute back pain resistant to medical therapy due to a vertebral
fracture at the L3 level. Left lateral view under fluoroscopic control during KP with the vertebral body stenting system
shows a vertebral compression fracture at the L3 level (a). Left lateral view under fluoroscopic control during KP after
stent placement into the L3 level (b). Anteroposterior (c¢) and left lateral views (d) under fluoroscopic control after KP
with the vertebral body stenting shows good augmentation with homogeneous distribution of cement into the soma
without venous or disk leakage (¢ and d)
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12.4 Biomechanics of KP

KP, thanks to a balloon tamps system followed by

cement injection into the newly created cavity of

the fractured VB, produces an appreciable aug-

mentation effect with rapid relief from pain [17].

As with VP, KP contributes to biomechanical

alterations in the vertebral column with differ-

ent axial-load distributions. However, due to re-
expansion of the vertebra with balloon tamps the
effect of early normal spinal alignment with nor-
mal vertebral biomechanics and reduced patho-
logical kyphosis should be greater using KP than
with using VP. Also, modification of the stiffness
and failure strength of the functional spinal units

(SUs) can increase the prevalence of re-fracture

at adjacent or distant metamers.

The biomechanical alterations observed in
the vertebral column after KP are similar to those
seen with VP but with a few additional differ-
ences:

» restoration of spinal alignment;

e the cements that are used for injection have
different influences on spinal stiffness due to
their different properties and features;

o different distribution of axial load;

e uni- or bipedicular approaches;

» different devices used.

Strength and stiffness are important parame-
ters for assessing the biomechanics of VBs. These
parameters are influenced by the method, type of
cement, and devices used. To obtain normal res-
toration of stiffness and the strength of functional
SUs, KP must be carried out by a bipedicular ap-
proach. Chen at al. compared the different effects
of unipedicular and bipedicular KP on the stiff-
ness of compression fractured VBs and assessed
how cement distribution affected the bilateral
biomechanical balance of VBs. They concluded
that unipedicular KP and bipedicular KP signifi-
cantly increase the total stiffness of VBs. Biped-
icular KP creates stiffness uniformly across both
sides of the vertebrae, whereas unipedicular KP
creates a biomechanical balance that is depend-
ent upon cement distribution. If bone cement is
augmented only on one side, the stiffness of non-
augmented side will be significantly lower than
the augmented side, which might lead to an im-

balance of stress on the VB. However, if cement
augmentation crosses the midline, the stiffness of
both sides increases comparatively, and biome-
chanical balance is achieved [18].

PMMA cement produces an exceedingly
high compressive strength and stiffness profile
that could cause fractures to adjacent VBs. Other
types of cement can produce fewer alterations in
strength and stiffness compared with the effect
elicited by PMMA. For example, Perry et al. [17]
undertook destructive biomechanical tests using
fresh cadaveric thoracolumbar VBs to evaluate
the biomechanical performance of the non-toxic,
osteoconductive, and bio-absorbable cement cal-
cium sulfate (CSC) compared with that seen with
PMMA. PMMA treatment restored the strength
of VBs to 127% of the intact level and stiffness to
70% of the intact level, whereas CSC treatment
restored the strength to 108% of the intact level
and stiffness to 46% of the intact level. CSC and
PMMA were not significantly different with re-
spect to restoration of strength but the restoration
of stiffness tended to be greater with PMMA than
with CSC.

These biomechanical alterations could be in-
fluenced by the different devices used. Sietsma
et al. compared the modification of strength and
stiffness of two devices in cadaveric fractured os-
teoporotic vertebrae: a standard inflatable bone
tamp (IBT) system and a vertebral “jack tool de-
vice” (VJT). In the VIT group, the post-restora-
tion strength was 81% of the original strength, and
it was 96% in the IBT group. The post-restoration
stiffness in the VJT group was 61% of the original
stiffness and it was 76% of the original stiffness
in the IBT group. The vertebrae in the VIT group
were restored to 101% of their original height
whereas the value in the IBT group was 104% [19].

12.5 Results

By re-expanding the vertebra with balloon tamps,
KP reduces pathological kyphosis in 50-60% of
patients, thereby improving the restoration of
normal vertebral biomechanics, early mobiliza-
tion of the patient, and pain relief in 90% of cases
[20-22].
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As with VP, KP requires constant fluoro-
scopic monitoring (angiographic equipment or
the portable C-arm) to ensure correct positioning
of the needle. Sometimes, neuroleptoanalgesia or
even general anesthesia may be required.

KP is based on creating a cavity in a VB by
inflating the balloons to enable safe injection of
PMMA at low pressure and with a low preva-
lence of cement leakage. This procedure makes
KP a safe and important therapeutic option for
VCFs. The risk of somatic or venous leakage of
cement during KP is lower than that observed for
VP because the cement is highly viscous and is
pushed through the working cannula with a bone-
filler device. Upon injection of PMMA into the
VB, the vertebral microfractures (which are re-
sponsible for the pain) are immobilized, making
the VB more compact and resistant. By inflating
the balloon into the VB, the vertebral kyphosis
can be corrected. However, KP has been shown
to restore vertebral height in 20% of cases, with
a reduction in wedge angle varying between 6°
and 9° [23, 24].

Several studies have been carried out to ascer-
tain the outcome of methods with regard to pain
reduction, kyphotic correction and complications
(e.g., cement leakage; disk leakage; pulmonary
embolism; new vertebral fractures adjacent or
distal to the VB). The risk of cement leakage is
lower in KP than in VP. However, the incidence
of new vertebral fractures adjacent or distal to
metamers is related primarily to the porotic dis-
ease [25-26].

Recently, a new type of vertebral augmenta-
tion technique have been patented using endo-
vertebral metallic implants. This is employed to
correct the kyphotic curve not only with balloon
tamps but also with a stent or a metallic cross that
can restore the height of the VB.

Majd and colleagues carried out KP [26] in
360 consecutive osteoporotic patients, and they
reported immediate relief of pain in 89% of pa-
tients. One patient experienced postoperative
pain as a result of radiculopathy related to leak-
age of bone filler into the foramen. The remain-
ing patients had persistent pain, and were diag-
nosed with a new fracture or underlying degen-
erative disk disease. Restoration of lost vertebral

height (anterior) of 220% was observed in 63%
of fractures (with an overall mean restoration of
30%) and 20% restoration of lost vertebral height
(midline) was detected in 69% of fractures (with
an overall mean restoration of 50%). Only 12%
(30/254) of patients required additional KP pro-
cedures to treat 36 symptomatic, new adjacent
and remote fractures. No device-related compli-
cations were observed.

Grafe et al. [27] compared pain reduction by
evaluation using a visual analog scale (VAS) in
40 patients in the KP group compared with 20
subjects in the conservative medical treatment
group. Pain scores improved from 26.2 to 44.4
in the KP group, whereas in the control group the
change was from 33.6 to 34.3. After 12 months,
significantly fewer patients with new vertebral
fractures of the thoracic and lumbar spine were
noted in the KP group than in the control group.

Several studies have suggested that KP pro-
duces greater improvement in daily activity,
physical function, and pain relief when compared
with optimal medical management for osteoporo-
tic VCFs 6 months after intervention. However,
there is poor-quality evidence that KP results in
greater pain relief for tumor-associated VCFs
[25].

In a literature review, Eck et al. observed that
the mean preoperative and postoperative VAS
scores for KP were 8.06 and 3.46, respectively,
with a mean change of 4.60 with a risk of new
fracture of 14.1% with KP and with a risk of ce-
ment leak of 7.0% with KP. This risk was lower
compared with VP data [28].

Maestretti and colleagues [20] carried out a
prospective study of stand-alone balloon KP with
augmentation with calcium phosphate cement
(Calcibon®) in traumatic fractures according to
the Magerl classification. They reported preop-
erative, postoperative and follow-up results by
applying the VAS (0-10) for pain rating and the
Roland-Morris (0-24) disability score. They ob-
served a mean initial vertebral deformity of 17°
corrected to a postoperative value of 6°. All ac-
tive patients returned to the same work within 3
months with the same ability to work as before.
The authors concluded that, due to the intrinsic
characteristics of calcium phosphate cement,
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application of this biological cement for stand-
alone reduction and stabilization is recommend-
ed only in fractures of type Al and A3.1 in young
patients.

We treated, by KP, 39 consecutive patients
affected by Al and A3 Magerl vertebral frac-
tures within 3 months of trauma, Pain relief was
achieved in 90-95% of cases depending on the
fracture type as well as an increase in VB height
sufficient to allow early mobilization of the pa-
tient and restoration of the physiological distribu-
tion of postural forces [12].

12.6 Complications

The first step in which it is possible to observe
complications is positioning of the needle and
cannula. Three approaches are possible at the
lumbar level (transpedicular, parapedicular, tran-
somatic) whereas at the thoracic level a costo-
transverse approach is possible. These procedures
must be carried out with good-quality equipment
to achieve optimal anatomical control. The litera-
ture [29-32] suggests that complications are usu-
ally related to abnormal distribution of cement
with leakage (disk, epidural, vascular) but that ab-
normal leakage is often completely asymptomat-
ic. Some types of leakage can lead to only small
amounts of radicular pain or compression of the
thecal sac, whereas vascular leakage can cause
asymptomatic/symptomatic pulmonary emboli,
cerebral infarct or heart/vascular dissection. Disk
leakage seems to be related to a higher incidence
of fracture to the contiguous VB. To avoid com-
plications, two major tricks must be considered:
(i) use dense cement and (ii) inject slowly. A very
important anatomical landmark is the posterior
wall of the VB, which should never be passed by
cement. This is a key point to avoid cement leak-
age within the canal with the very dramatic com-
plications of paraplegia and tetraplegia. KP is not
suggested at the cervical level so complications
for this level are not so well described. There are
no significant differences compared with VP in
terms of new fractures to adjacent/distant metam-
ers within 1 year after treatment.

12.7 Conclusions

KP is a safe and effective method for the treat-
ment of vertebral compression, primary or sec-
ondary spinal tumors, and select types of trau-
matic fracture. Compared with VP, the advan-
tages of KP are the increased vertebral height
capacity, a low pressure of cement injection, the
use of high-density cement, and a low prevalence
of vascular and disk leakage. Compared with VP,
the disadvantages of KP is the invasiveness of the
procedure, cost (fourfold more expensive), and
the requirement of general anesthesia. The litera-
ture indicates that there are no significant differ-
ences in terms of pain relief between KP and VP.
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Endoscopic Treatment Approaches

to Herniated Lumbar Disks

13

Jirgen Reul

13.1 Introduction

Several minimally invasive image-guided meth-
ods have been developed to treat diseases in lum-
bar disks (e.g., automated percutaneous lumbar
diskectomy, laser diskectomy, intradiskal elec-
trotherapy). Nearly all of these methods provide
a good approach to the disk space and nucleus.
However, removal of sequestered disk fragments
that have into the spinal canal or neuroforamen is
extremely difficult.

In orthopedic surgery, endoscopic approach-
es to the joints (“arthroscopy”) are standard for
many procedures on different joints. Such ap-
proaches are likely to transform treatments for
spinal diseases. Several attempts have been made
using medial transligamental approaches or lat-
eral transforaminal access.

The outcome of each endoscopic method
must be compared with those of microneurosur-
gical methods. These methods are well devel-
oped and have a high success rate as well as a low
prevalence of complications. Several commercial
companies have started to develop systems for
endoscopic approaches. The main difference is
if they use transforaminal lateral, transforaminal
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posterolateral or transligamental medial access.
All methods should allow not only access to
lumbar disks but also to the spinal canal and neu-
roforamen. Figure 13.1 details the different ap-
proaches to lumbar disks and the spinal canal as
well as the types of herniation that can be treated
by endoscopic methods.

13.2 Indications, Contraindications
and Limitations of Endoscopic
Approaches

Nearly all lumbar-disk herniations can be treated
by endoscopic methods. The spectrum of indi-
cations is similar to that seen in microsurgical
therapy. A foraminal stenosis can be treated. A
stenosis of the spinal canal should be treated by
microsurgical decompression.

The limitations are herniation in combination
with osseous spinal stenosis and, especially in
men, cranial sequestration at the L5-S1 level due
to a high iliac crest that does not permit lateral
or posterolateral access. Pure axillary herniation
can also be problematic.

The contraindications are similar to those
seen in microneurosurgery. These include the
risk hemorrhage in patients with anticoagulation
problems or anticoagulation therapy with couma-
din. This method has advantages compared with
open surgery because it can be carried out under
local anesthesia. It can be done under analogo-
sedation. The indications, contraindications and
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Fig. 13.1 Different approaches to the disk and spinal
canal as well as the types of herniation that can be
treated by endoscopic techniques. a A shows the direct
transforaminal lateral approach, which is sometimes
difficult because of the crossing exiting nerve root;

C shows the dorsal transligamentary approach very
similar to the microsurgical access; B demonstrates the
dorsolateral approach used for the Max More technique.
b-e Different types of herniations that can be treated
endoscopically: D lateral intraforaminal; E medial
sequestration; F' cranial and G caudal sequestration

Table 13.1 Indications, contraindications and complications related to endoscopic treatment of herniated lumbar disks

Any lumbar-disk herniation;
epidural and intraforaminal
sequestered disk fragment
Osteochondrosis (Modic
stage I)

Painful disk

Coagulation disorders
High-grade stenosis of the
spinal canal

High iliac crest Dural leak
and/or cranial sequestration at ~ Nerve-root damage
the L5-S1 level Epidural hemorrhage

Transaxial dorsal sequestration
at the L5-S1 level
Severe scoliosis
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Table 13.2 Technical
equipment needed for
endoscopic treatment of

herniated lumbar disks
Sterile one-way set

Fluoroscopy system (mono or biplane): if sterile conditions are guaranteed,
the procedure can be done on a standard angiography table

Radiography-compatible endoscopy table

Endoscope (3.2-mm working channel with cold light source and video connection)

Low-pressure flush pump
Suction pump

Instrument set

Lumbar puncture needle (18 G; length, 11 cm)

Dilatators (diameter, 4 mm and 6 mm)
Drills with blunt tips (diameter, 4, 6, 7, 8 and 9 mm)
Working tube (diameter, 8 mm)

Different types of forceps

o
-

Fig. 13.2 Tom Shidi® needle (a) and drills of different
diameters (b). Note the blunt tip, avoiding dural sack
damage

limitations of endoscopic approaches to disk her-
niation are shown in Table 13.1.

13.3 Diagnosis

Overall, the success of the intervention is deter-
mined mainly by a fluoroscopy-guided approach
to the target (sequestered disk fragments). There-
fore, this must be considered at all steps of the
procedure. There is a very limited field of view
and, if the working tube is not placed close to the
sequestered disk fragment, it will be missed.

The most important diagnostic tool is MRI.
MRI of the lumbar spine should comprise good-
quality T1- and T2-weighted images (with T2-
weighted images in at least sagittal and axial
planes). Sometimes, T1-weighted images with
fat suppression and administration of contrast
media can be helpful.

In some cases, CT may also be required. If
too much calcification of the sequestered disk

a3

fragment is observed, a switch to a microsurgical
procedure may be indicated.

Rarely, conventional myelography (e.g., in
patients with heart pacemakers) can be under-
taken. Sometimes, diskography can be useful.
This can be done with access to the disk during
the endoscopic procedure. In cases with a “black
disk” and “pure” back pain, a pressure test with
saline is helpful to confirm the relationship be-
tween pain and MRI findings. In such cases, an
endoscopic nucleotomy and/or endoscopic abra-
sion (“shaving”) can be done (see section 13.5.5).

If MRI suggests scoliosis or severe osseous
degenerative changes, radiography of the lumbar
spine in two planes can be used to obtain clearer
information about the width of the foramen.

13.4 Preparation

Blood cell count, kidney function, liver function,
electrolytes, and coagulation status are neces-
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sary. Anticoagulants and antiaggregants (ace-
tylsalicylic acid, clopidogrel) should be stopped
3-5 days before the intervention. The patient
is then prepared for anesthesia (see section
13.5.1). The technical equipment needed is
listed in Table 13.2, some of which is shown in
Figure 13.2.

13.5 Procedure

13.5.1 Anesthesia

The intervention is a challenge for the anesthe-
siologist because the patient must be able to
respond during the entire procedure. While ob-
taining access to the epidural space through the
foramen, the patient must respond when the drills
touch the excited nerve root. We use a combina-
tion of remifentanil and propofol by continuous
controlled injection with an injection pump and
monitoring by the anesthesiologist.

Fig. 13.3 Patient position (a), access for anesthesia (b)
and interventionists looking at the monitor (c)

13.5.2 Patient Positioning

There are two possibilities: lateral or prone.
The latter is useful if bilateral access is required
(rare). Usually, the lateral position is more com-
fortable for the induction of anesthesia and for
the patient (Fig. 13.3) To avoid movement, the
patient is fixed with special holders. The table is
specially designed for endoscopic surgery: a car-
bon table allowing 360° fluoroscopy and reduced
doses of radiation.

13.5.3 Access to the Disk

Access to the disk and/or epidural space through
the neural foramen is achieved from a dorsolat-
eral approach. Lateral access is more difficult,
more dangerous and sometimes anatomically im-
possible.

The distance from the midline (processus spi-
nosus) to the lateral position is dependent upon
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Fig. 13.4 Access point and
passage to the disk and
epidural space. The instrument
tip is always behind the bone
and disk in both projections.
Additionally, discography

can be done via the lumbar
puncture needle. A horizontal
or caudocranial direction is
selected if a cranial sequestered
disk fragment is targeted.

In a and b the access to a
caudally sequestered piece

is shown; in ¢ the additional
discography is visible; in d and
e the approach to a cranially
sequestered disc is illustrated |

the level of disk herniation. In L5-S1 it is 12-14
cm; in L4-L5 it is 10-12 c¢m; in L3-L4 it is 7-9
cm; and in L2-L3 it is about 5-6 cm. The angle in
the craniocaudal direction is dependent upon the
type of sequestration. If a caudal sequester is pre-
sent, a caudal direction is used; if the sequestered
disk fragment has moved in a cranial direction,
horizontal access is employed. This has limita-
tions at the L5-S1 level because of anatomical
reasons (especially a high iliac crest).

To navigate through the foramen, one must
be aware that the nerve root is excited in the cra-
nial part of the foramen (at a 12 o’ clock posi-
tion) and that access with the instruments is at the

5-6 0’ clock position). Careful analyses of the pre-
procedure MRI is important to exclude anatomi-
cal variants and anomalies (e.g., conjoined root).

13.5.4 Steps of the Procedure

Local anesthesia and placement of the punc-
ture needle: After skin marking, scandicain is
administered to skin and muscle. A standard lum-
bar-puncture needle is guided under fluoroscopy
to the facet joint. Local anesthesia is induced at
the facet joints. If discography is required, the
needle can be advanced to the disk and contrast
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media applied. After that, the needle is pulled
back with the tip close to the facet joint.

Guidance of the K-wire and pre-dilation: A K-
wire is positioned through the needle at the facet
joint. Pre-dilation with a 4 mm? and 6 mm? tube
is undertaken. During all maneuvers, the K-wire
is left in situ. If possible, it should be advanced
through the foramen into the epidural space. This
can be done if the foramen is large and if signifi-
cant drilling is not necessary.

Placement of a Tom Shidi® needle: In most
cases, the wire is in contact with the facet joint.

Fig. 13.5 The different steps of
drilling during fluoroscopy. Note the
blunt tip of the drills

A diamond-tipped Tom Shidi needle is advanced.
After control of its position, it is hammered care-
fully into the bone of the superior process of the
facet joint and advanced until the tip reaches the
inner peduncular line (anteroposterior projection
during fluoroscopy). With its blunt tip, the needle
can be advanced carefully into the epidural space
(Fig. 13.4).

Stepwise drilling with drills of diameter 4-9
mm: Special atraumatic drills with blunt tips are
used (Fig. 13.5). The advantage of blunt tips is
that they lessen the risk of dural leaks and dam-
age to the nerve root due to cutting effects. The
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Fig. 13.6 Fluoroscopy of the
working tub

K-wire is left in situ and used as a guide. One
must not enter the disk but instead reach the epi-
dural space and be directed to the sequestered
disk fragment. During these steps the patient
must be observed closely. He/she must be se-
dated but able to respond. If the excited nerve in
the foramen is touched, leg pain and/or radicu-
lar sensations will be experienced. At this point,
the position of the instrument must be controlled
and changed (usually it is to the cranial position
in the foramen). If, during drilling, local pain in
the back is reported, it is normal and due to bone
drilling. Ideally, the patient is without pain and
able to respond/speak adequately.

Placement of the working tube with guid-
ance by a 6-mm dilator: After the final drilling,
a 6-mm dilator is advanced. Using the dilator,
a working tube is placed with the tip inside the
spinal canal. It is placed in the lateral projection
with the opening towards the sequestered disk
fragment (dorsal and cranial or caudal) and be-
hind the dorsal margin of the disk and vertebrae
and in anteroposterior projection medial from the
inner peduncular line (Fig. 13.6).

Removal of the sequestered disk fragment un-
der video guidance: The endoscope is advanced
through the working tube by continuous flush-
ing. If the tube is placed correctly, the view is
now on the sequestered disk fragment. It can be
grasped with small forceps and removed. Large
fragments are pulled through the working tube by
pulling back the endoscope and forceps simulta-
neously (Fig. 13.7).

Ideally, anatomical structures can be identi-
fied: dorsal margin of the disk (annulus); dorsal
longitudinal ligament; capsule of the facet joint,
excited nerve root; descending nerve root; dural
sack. If there is an axillary herniation, the forceps
can be advanced carefully between the nerve
root and dural sack. In normal caudal or cranial
sequestration with anterior compression of the
nerve root, access is between the annulus and
nerve root.

Sometimes the disk fragment is one large piece
and can be removed in one step. However, often
there are four or five pieces which must be identi-
fied and removed. For inspection of the annulus
and to advance into the disk, the working tube is
turned with the opening in an anterior direction
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Fig. 13.7 Endoscopic views. Panel a shows
the open forceps in the spinal canal; panel
b shows the sequester covering the nerve
and c¢ shows the free nerve after removal of
the piece of cartilage

towards the disk space. Usually, the hole in the
annulus can be identified and the forceps can enter
the disk space through the hole. Additional loose
fragments can be removed, thereby reducing the
risk of early recurrence of disk herniation.

13.5.5 Endoscopic Nucleotomy
and Abrasion Therapy

Indications: The indications for endoscopic
nucleotomy and abrasion therapy are treatment-
resistant back pain or findings of a black disk on
MRI or Modic changes (stage I). To confirm the
indication in such cases, discography with pres-

sure testing must be done (at the diseased level
and 21-2 normal segments). During pressure in-
creases, the patient should not know which level
is being tested. If the correct level can be identi-
fied, access to the disk is similar to removal of the
disk fragment. However, the positioning is easier
because it is at the disk level and can be a done
more laterally and directly by targeting the center
of the disk.

After removal of the avitalized parts of the
nucleus with forceps, the endplates of the ver-
tebrae are refreshed and revitalized using small
instruments for shaving. The efficacy of this pro-
cedure has been demonstrated in one study in >80
patients with success rates of approximately 70%.
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13.6 Post-intervention Care

The patient is monitored for 2 h after the proce-
dure, and can be mobilized after 4 h. Usually, dis-
charge from hospital is on the following day. If an
abrasion has been carried out, a brace is provided
to stabilize and protect the spine for about 4-6
weeks. The patient also receives a special reha-
bilitation program.

13.7 Causes of Failure, Pitfalls
and Complications

Suboptimal or incorrect positioning: Correct
positioning is the most important step for the suc-
cess of the intervention. It starts with positioning
of the Tom Shidi needle. If this is not placed cor-
rectly and the bone is punctured and drilled, it is
very difficult to achieve another direction.

High iliac crest and cranial sequester/transax-
ial sequestration at the L.5-S1 level is a clear in-
dication to switch from endoscopic intervention
to microsurgery.

Fig. 13.8 In a the captured sequester is shown. b The size
of the pieces

Severe scoliosis is an indication to switch to mi-
crosurgery.

Anesthesiological management: The procedure
must be stopped if the patient is not awake and
unable to respond. There is no control of dam-
age to the nerve root in the fully anesthetized
patient. Using analog-sedation with remifentanil
and propofol, one can be wait until the patient
wakes up and the intervention can be continued.
The lateral position is much better for anesthetic
control. The prone position is tolerated by fewer
patients and higher doses of anesthetics are re-
quired, thereby leading to complete loss of con-
sciousness.

Calcified sequestered disks and facet joint
ganglions should be identified before the inter-
vention using the relevant diagnostic tools (e.g.,
additional CT) and should lead to a switch to mi-
crosurgery.

Damage to nerve roots and leakage from the
dural sack are, in most cases, related to subop-
timal analog-sedation (lack of patient response)
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and to aggressive advancement of the needle.
Usually, dural tears are small and self-healing.

Epidural hemorrhage: The epidural space in
segments L.3-1.4 to L5-S1 contains fewer venous
structures than the epidural space from L2-L3 to
Th12/L1. The venous epidural plexus is much
more expansive in the upper levels. Therefore,
bleeding in the lower levels is seen very rarely.
Small bleeds can be controlled by transient in-
creases in the pressure of the flush pump. At up-
per levels, damage to venous structures with the
K-wire and/or with the first 4-mm drill may be
possible. In the worst-case scenario, a change to
microsurgery may be necessary.
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Percutaneous Lumbar Posterior
Stabilization for Low Back Pain

14

Giuseppe Bonaldi and Alessandro Cianfoni

14.1 Introduction

Low back pain (LBP) is a leading cause of
chronic disability and psychological distress. In
Europe, estimates of the lifetime prevalence of
back pain range from about 60% to 90% [1-3].
Back pain can be a sign of degenerative segmen-
tal instability, defined as “an abnormal response
to applied loads, characterized by motion in mo-
tion segments beyond normal constraints” by the
American Academy of Orthopedic Surgeons [4—
6]. Motion in degenerated joints (i.e., beyond the
normal limits of the joint itself) generates pain;
eliminating abnormal motion seems to eliminate
pain. Therefore, surgical spinal fusion (locking
of two or more vertebrae as a single unit) with
or without instrumentation has been the mainstay
of surgical approaches for these forms of LBP.
However, despite improvement in the rate of ra-
diographically demonstrated fusion, convention-
al fusion methods entail several potential compli-
cations (e.g., infection, cerebrospinal fluid (CSF)
leaks, harvest-site pain, instrumentation failure)
and biomechanical disadvantages (e.g., loss of
mobility and curvature, altered sagittal balance,
transitional disease). In fact, fusion may increase
the biomechanical stresses imposed on the ad-
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jacent segments, resulting in overload and early
degenerative changes in adjacent facet joints and
disks [7-11]. Ghiselli and colleagues [12] esti-
mated a prevalence of symptomatic adjacent-lev-
el disease of 36% at 10 years after lumbar fusion.
An improvement in fusion rates does not neces-
sarily correspond to an improvement in outcomes
[13, 14], and fusion surgery is not readily revers-
ible. These issues have led to attempts to develop
new motion-preservation technologies for the
surgical treatment of spinal instability, common-
ly referred to as “‘dynamic stabilization”.
Dynamic stabilization has been defined as
“a system that would alter favorably the move-
ment and load transmission of a spinal motion
segment, without the intention of fusion of the
segment” [15]. Dynamic stabilization (or “soft
stabilization™) is intended to restrict motion in
the direction or plane that produces pain (“pain-
ful motion”), otherwise allowing a full range of
motion. Dynamic stabilization techniques intro-
duce a more gradual, intermediate therapeutic
step between abnormal movement of the spinal
unit (SU) (instability) and total absence of move-
ment (fusion). The most significant advances in
dynamic stabilization techniques were made in
the past 10-15 years. During the same period
a gradual shift toward a minimally invasive ap-
proach of spinal surgery was developed and ac-
cepted. The attention of biomechanics experts
and spine surgeons has been focused mainly on
the posterior structures of the spine, facets, and
spinous processes, for two main reasons: (i) these
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Two-dimensional model of the SU

Disk

mzml

Fig. 14.1 The lumbar spinal unit is
simplified in a two-dimensional model
in which torque and lateral bending
movements are eliminated. Such
movements are not (or only partially)
affected by the dynamic stabilization
devices

Ligaments are in red

Fig. 14.2 A bending moment is present in
a structural element if a moment is ap-
plied to the element so that the element

bends. Moments and torques are mea-
sured as a force multiplied by a distance:
M=Fd

A Im

structures are readily accessible by a minimally
invasive approach and (ii) actions upon them
determined by different devices can modify the
functional behavior of the SU. The combination
of preservation of motion and minimal surgical
invasiveness seems to be opening a new era in
the surgery of symptomatic degenerative spine
instability.

14.2 Basic Biomechanics

The basic functional SU is the smallest physi-
ological unit of motion of the spine. It is therefore
termed a “motion segment”. It consists of two ad-
jacent vertebrae, the disk, and all the connecting
ligaments. Individual motion segments contribute
to the total motion of the spine. The components
and movements of the SU are extremely complex.

-

Thus, there may be many different sources of pain
in pathologic situations. Unfortunately, the bio-
mechanics of SUs are neither fully understood nor
simple to explain. We will try to summarize the
main concepts on which the designs of the differ-
ent devices are based. This involves simplifying
the three-dimensional (3D) anatomy and physiol-
ogy of the SU to a two-dimensional (2D) model
(Fig. 14.1) and moving only in the sagittal plane
(essentially eliminating the torque and lateral
bending movements, which are not influenced
significantly by dynamic stabilization devices).

In flexion and extension, muscles apply a
bending moment to the SU. A bending moment
(M) corresponds to two vector forces applied in
opposite directions with a distance between them
different from 0, and is measured as a force (F)
multiplied by a distance (d): M = Fd (Fig. 14.2).
During flexion of the lumbar spine, muscles ap-
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Fig. 14.3 The bending moment applied
by muscles in flexion to the spinal unit
determines an asymmetric decrease in the
height of the disk and an opening of the
posterior bony elements

Flexion

= “Bending moment

Fig. 14.4 In extension, the bending
moment determines an asymmetric
increase in the height of the disk, whereas
the posterior bony elements get closer,
with the angle determined by the two
spinous processes becoming negative

E_{_‘_'_ Bending moment
.

Extension
C:—é\ﬁflying moment

REEain=!

ply a bending moment to the SUs (Fig. 14.3). The
total motion obtained (modification of posture
from neutral to flexion) is the sum of the modi-
fications obtained at the level of each single SU
(i.e., a decrease of the anterior disk height [Az2]
and a widening [defined by the angle between
the spinous processes: Aa] of the posterior struc-
tures, which are stretched and moved apart). The
supraspinous ligament is the structure limiting
flexion more effectively. The opposite happens in
extension, with an increase in the anterior disk
height and closing of the interspinous space, with
the angle becoming negative (Fig. 14.4).

e = -

= g
\\——ﬁ“ Bending moment

14.2.1 Neutral Zone (N2)

The NZ (Fig. 14.5) is the position of the SU in
which a small bending moment can result in a
large movement (i.e., a large change in the an-
gles between the two vertebrae). In a normal SU,
the center of the NZ corresponds to the middle
position between flexion and extension. A small
moment is required to start flexion (or exten-
sion). However, with a progressive increase in
the movement it becomes increasingly harder to
obtain new flexion (or extension). The NZ is a
measure of the laxity of the SU, and it widens in
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the presence of instability. Pathological widening
of the NZ allows exaggerated movements, which
in turn require a large amount of energy for return
to the neutral state. Dynamic devices aim to re-
duce the NZ or to reposition it in the appropriate
(non-painful) place.

14.2.2 Instantaneous Center of
Rotation (ICR)

The ICR corresponds to the point at which, if a
load is applied, no bending occurs. It is defined
as “instantaneous” because it can change at eve-
ry instant during different types of movements.
As an example, think of a bicycle wheel. When
the wheel does not touch the ground and turns
around the central pivot, the latter represents the
center of rotation and does not change with time;
on the contrary, in a moving bicycle, the only
non-moving part is the one touching the ground,
and it changes at each instant (imagine the
wheel turning as a whole around the fixed point
in contact with the ground). Predicting the ICR
in structures as complex as the SU is difficult.
The ICR changes with different movements and
these changes become more unpredictable in the
presence of instability. More often, in a healthy
SU, in the standing, inactive position, the ICR
is located posterior to the center of the disk, just
above the inferior end plate [16] (corresponding

Fig. 14.5 Bending moment versus flexion
angle of a spinal unit. In the neutral zone,
small differences in bending moment
result in large changes the flexion angle

approximately to the center of gravity). It moves
in flexion—extension, and the variability is con-
siderable. There are no simple rules to predict the
effect of stabilization devices on the ICR, but one
is notable: the ICR moves toward an increase of
stiffness.

14.2.3 The Changes that Occur When an
Interspinous Spacer is Deployed

Biomechanics are not modified during flexion
(if the supraspinous process is preserved surgi-
cally). During extension, the biomechanics are
not modified until the spacer is under compres-
sion. When the spacer undergoes compression
(Fig. 14.6), provided the spacer is rigid and the
osseous structure does not fail (see Fig. 14.6 for
the weakest points of the posterior arch, which
are possible sites of failure), the anterior annulus
is stretched, and an additional increase in the an-
terior height of the disk is obtained (-Az3). To al-
low and compensate for this, the facets move op-
posite to the normal direction, opening instead of
closing. That is, the movement, which is no long-
er obtainable at the expense of the interspinous
space (decrease of the angle in extension, see Fig.
14.4), is now obtained at the level of different,
elastic structures. An immediate consequence is
that back pain induced in extension by pressure
originating in the facets or posterior annulus of
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Fig. 14.6 Extension with a rigid
interspinous spacer. An additional
increase in disk height is obtained,
whereas the facets move opposite to the
normal situation (opening instead of
closing). The weakest bony structures are
indicated by the red lines (arrows).

Fig. 14.7 Normal disk. The pressure
exerted by the compressive loads on

the hydrated nucleus is transmitted in a
radial direction. This results in outward
bulging of the fibers of the annulus in the
horizontal plane

the lumbar spine may be relieved by unloading
of the facets or posterior annulus generated by
interspinous decompression [17].

In a similar way, can the whole disk be un-
loaded if it is surmised to be the pain source?
Intervertebral disks consist of three main com-
ponents: annulus fibrosus, nucleus pulposus and
cartilaginous endplates. They act as a “shock
absorbers” to transmit loads through the spinal
column. In the healthy disk, the annulus resists
the hydrostatic pressure transmitted by the radial
expansion of the nucleus, which is compressed
during physiological loads, with outward bulg-
ing of its fibers in the horizontal plane, thereby
acting in tension rather than compression (Fig.
14.7). The disk is extremely stiff, and only mini-

Extension with a rigid
interspinous spacer

/” H;ﬂ\ﬁs?ing moment

e

Nucleus

mal changes in disk height can be obtained un-
der axial compression—distraction (Azl in Fig.
14.8). The disk can be unloaded only if the load
is transferred to a device/instrument, but implants
are not sufficiently stiff to accomplish this task.
Hence, stand-alone instrumented fusions fail in
the long-term if bony fusion does not occur. This
is a general rule of fusion surgery: solid, effective
and lasting elimination of motion in one or more
SUs cannot be expected to be obtained simply by
hardware (screws and rods) because the action of
the hardware is temporary. Its action is to allow
bone fusion to occur. Otherwise, instrumentation
(even metallic ones) and contact surfaces with
bone will fail in the mid- or long-term.

The disk, however, is compliant in flexion—
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Fig. 14.8 Axial compression of a spinal
unit. Only a small decrease in disk height
is obtained

Az1 is very small
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extension because of posterior and anterior shift-
ing of the nucleus pulposus in flexion—extension.
Thus, if posterior stabilization devices cannot
have a primary role in unloading the disk, they can
have a profound effect on the loads of specific re-
gions of the disk. Figure 14.9 depicts the effects of
a tension band (tying the upper and lower spinous
processes to the interspinous device), which give
an additional moment to resist bending.

In the normal/uninstrumented condition, the
ICR in flexion moves anteriorly, whereas the ac-
tion of the tension band keeps the ICR more pos-
terior, thereby limiting its shifting. This action re-

A vension thus reducing compression on the anterior
Acompression annulus and tension on the posterior
annulus and facets
‘ Tension
‘Compmsion

ension band

sults in a reduction of compression forces on the
anterior annulus and a reduction of tension on the
posterior annulus and facets. Conversely, (Fig.
14.10), the rigid interspinous spacer in extension
moves the ICR posteriorly behind the facets (i.e.,
toward the increase in stiffness determined by the
device), thereby modifying the loads on the dif-
ferent parts of the SU: the load on the facets and
posterior annulus is reduced instead of increased
(tension instead of compression). In a cadaveric
study on the effects of an interspinous implant on
disk pressures, Swanson and colleagues reported
that the pressures of the posterior annulus and nu-
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Fig. 14.10 The rigid interspinous spacer

moves the instantaneous center of a
rotation in a posterior direction, thereby
modifying the loads on the different parts
of the spinal unit
Uninstrumented
b
Interspinous
spacer

cleus pulposus were reduced by 63% and 41%,
respectively, during extension, and by 38% and
20%, respectively, in the neutral, standing posi-
tion [18].

14.3 Design Rationale of Different
Devices and General Surgical

Principles

With respect to dynamic stabilization devices,
because of anatomical reasons, the only surgical
approaches that can be considered to be minimal-
ly invasive (and widely available in clinical prac-
tice) are the posterior ones. Anterior approaches
for non-fusion procedures, such as the ones for
total disk replacements (prostheses), require
open procedures.

14.3.1 Nucleus Pulposus Replacement
Devices

Nucleus pulposus replacement devices are based
on replacement of the nucleus only. They have
the advantage of cartilage and annulus preserva-
tion. Such devices are under ongoing develop-
ment and evaluation. Disk nucleus replacement
devices date back to the 1980s, when Charles
D. Ray conceptualized a two-pillow hydrogel

‘ Tension
A ' ' ‘Cumpression
v A A4
il A
‘ A A
‘ ‘ ............. I Spacer
ICR

device. The original Raymedica prosthetic disk
nucleus (PDN) was first used in humans in 1996.
It was subsequently replaced by single-pillow
designs: the PDN-SOLO and HydraFlex devices.
These implants require open intervention. Several
devices are in the conceptual or developmental
stage and different materials have been proposed,
the most promising among them being inject-
able polymers. Recently, a minimally invasive,
injectable nucleus-augmentation system became
available: GelStix™ (Replication Medical). It
is a prosthetic device designed for implanta-
tion inside a degenerated intervertebral disk for
the treatment of early-stage disk degeneration
(degenerative disk disease [DDD]). GelStix is
made of a water-insoluble, hydrophilic polymer
(hydrogel) which, after implantation, absorbs
water, with consequent swelling and expansion.
Hydrogels are used in a wide range of medical
products thanks to their physical properties com-
bined with low toxicity and high biocompatibili-
ty. The hydrogel can be implanted in the low-vol-
ume, dehydrated state with a minimally invasive
approach using a spinal needle. In young disks,
the nucleus pulposus is composed of 90% water.
Aging leads to biochemical changes affecting the
water-binding capabilities of the nucleus pulpo-
sus. This results in dehydration, volume reduc-
tion, changes in cellular activity and, ultimately,
a loss in function. As the nucleus pulposus dehy-
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drates and degenerates, its mechanical properties
change as the distribution of stresses within the
different components of the disk changes, and
the intervertebral disk no longer acts as an effi-
cient shock absorber. The nucleus becomes thick
and fibrous with properties similar to the annu-
lus fibrosus. Eventually it can no longer expand
under load and, therefore, the annular fibers are
no longer forced out radially to absorb the trans-
mitted load. The fibers act in compression rather
than tension, and this much-less-efficient action
eventually leads to tears and fissures, overload
of the SU, instability and pain. GelStix aims to
restore the normal mechanical action of the in-
tradiskal space.

A similar injectable nucleus replacement
based on polymer/synthetic technologies is
NuCore® (Spine Wave). NuCore is a synthetic
recombinant protein hydrogel designed to mimic
the natural nucleus. The hydrogel is adherent to
the annulus and nucleus pulposus and thus resist-
ant to extrusion. NuCore is injected into the disk
during open microdiskectomy, after removal of
the disk herniation, with the aim to restore the
natural biomechanics of the spine. Patient enroll-
ment in clinical trials for NuCore includes sub-
jects from Switzerland, Germany, Australia and
the USA.

14.3.2 Posterior Stabilization Devices

Posterior stabilization devices fall into two main
categories of design: interspinous spacers (with
or without tension bands) and pedicle screw-
based systems. The tension bands are passed
around the upper and lower spinous processes
and then tied to the interspinous component,
with the double purpose of securing the device
and (in some devices) limiting flexion/rotation.
Rigid, non-deformable interspinous spacers have
a constant effect on the distraction of the spinous
processes. Alternatively low-rigidity, deform-
able spacers act more as shock absorbers, with a
consequently more physiological action on range
of motion of the SU together with an increase in
bone compliance.

The interspinous process decompression sys-

tem X-STOP (Fig. 14.11) (Medtronic) was pro-
posed by Zucherman and colleagues [19] in the
late 1990s for treatment of the symptoms of in-
termittent neurogenic claudication (INC) due
to segmental spinal stenosis [20-22]. X-STOP
consists of an oval spacer positioned between the
two spinous processes at the symptomatic level.
The lateral wing is then attached to prevent the
implant from migrating anteriorly or laterally
out of position. Anterior migration and posterior
migration are also limited, respectively, by the
lamina and the supraspinous ligament (the latter
not being violated). The central pivot was rigid
and made of titanium in the first version. Now
it is semi-rigid thanks to a layer of polyethere-
therketone (PEEK) (see below) external to the
metal. It is deployed through a small posterior
surgical approach. It is intended to prevent exten-
sion of the stenotic levels, yet allowing flexion,
axial rotation, and lateral bending [23]. The in-
tervention can be undertaken under local anesthe-
sia and mild sedation without removing bone or
soft tissues with preservation of the supraspinous
ligament. Leaving the supraspinous ligament in
place and intact has the double effect of not only
preventing posterior migration of the device but
also of not modifying the behavior of the SU in
flexion. The procedure is typically done with
hospitalization for 24 h.

Biomechanical studies have shown that the
implant significantly reduces intradiskal pressure
and facet load, as well as preventing narrowing
of the spinal canal and neural foramens [17, 18,
24]. It is an alternative therapy to conservative
treatment and decompressive surgery for patients
suffering from INC. Its safety and effectiveness
have been confirmed in a randomized, controlled
trial [19, 25, 26].

Similar devices on the European market
which have not yet been approved in the USA
are available:

e Superion™ (VertiFlex);

e Aperius™ (Medtronic);

* In-Space™ (Synthes);

¢ Flexus™ (Globus Medical);

¢ BacJac™ (Pioneer Surgical Technology);
¢ Falena™ (Mikai, Italy);

e Prow™ (Non-Linear Technology Spine).
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Fig. 14.11 X-Stop depicting the lateral
wings, central spacer and tissue expander
(a). The device is deployed in the
interspinous ligament, with the wings
limiting lateral migration (b)

Tissue expander

Superion and Aperius are rigid, being made
of titanium, and both are deployed through a per-
cutaneous approach. In-Space, Flexus, BacJac
and Falena, similar to the X-STOP, are made of
PEEK in the part of the device in contact with
bone. PEEK is a semi-crystalline thermoplastic
that exhibits strength, stiffness, resilience, and
biocompatibility, which is ideal for use in ortho-
pedic surgery. It allows stress to be distributed
more evenly on the surrounding bony structures,
limiting an overload that could lead to acute
fracture or chronic bone porosity and resorption.
They are deployed percutaneously or through
mini-open surgical access (like X-STOP).

Prow is made of ultra-high-molecular-weight
polyethylene (UHMWPE), a material used exten-
sively for >40 years in total joint replacements.
Similar to PEEK, it has an elasticity modulus
close to that of bone, granting support to adjacent
bone with a lessened chance of subsidence.

Coflex™ (Paradigm Spine) is a U-shaped ti-
tanium device based on different concepts. It is
inserted surgically between the spinous process-
es. This entails removal of all interspinous and
supraspinous ligaments. It is more rigid (less dy-
namic in its action) and, because of its shape, has
more contact surface with bone. This could be
an advantage over other interspinous/interlami-
nar decompression devices, thereby reducing the
risk of delayed bone subsidence (see below in the
“Complications” paragraph).

Wallis™ (Abbot Spine) [27-29] and the
DIAM™ (Medtronic) [30, 31] are double-action
devices in which the interspinous spacer is se-

Wings

Spacer

cured with two tension bands wrapped around
the upper and lower adjacent spinous processes.
The bands also give support to the supraspinous
ligament in limiting flexion of the SU (hence the
double-action of the devices; more intense for
Wallis and less for DIAM, whose surgical in-
sertion does not entail sectioning of the supras-
pinous ligament).

The spacer of Wallis is made of PEEK. The
core of DIAM is made of silicone, whereas the
outer mesh and tether are made of polyethylene
terephthalate (polyester). Silicone is more resil-
ient and compressible, and is preloaded by com-
pression before insertion. This permits posterior
tensioning of the ligaments and disk, allowing a
type of ligamentotaxis (particularly of the poste-
rior annulus fibrosus).

Similar to DIAM is IntraSpine (Cousin
Biotech), which is made of the same silicone cov-
ered with a polyester textile. The silicone core has
a shape based on a different concept compared
with other interspinous devices. The central core
fitting the interspinous space has an anterior part,
designed to suit the interlaminar space. This kind
of “nose”, covered with a layer of silicone to
avoid fibrosis in the yellow ligament area, gives
the device a more anterior (ventral) point of ac-
tion directly between the laminae, with a conse-
quently more efficient action on the ICR (similar
to that of the PercuDyn system, see below).

Screw-based posterior stabilization devic-
es fall in a different category of design. Most
of them, like Dynesys™ (Zimmer Spine) or
Stabilimax NZ™ (Applied Spine Technologies),
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Fig. 14.12 MRI images showing the screw-based PercuDyn system: titanium screws are anchored in the S1 pedicles
(a), whereas the polycarbonate-urethane heads of the screws support and cushion the inferior facet complex of the upper
metamer (b), thereby limiting its extension and unloading the disk

are not minimally invasive. They require an open
surgical approach similar to the one used for in-
strumented fusions.

Dynesys is built in analogy with the poste-
rior screws and rod instrumentation systems.
However, the spacers are made of flexible plastic
tubes (polyurethane) surrounding a thin nylon-
like cord (polyethylene). After implantation the
system creates a dynamic push—pull relationship
that stabilizes the affected joints without fusion.
The device was developed and has been used in
Europe since 1994, with mixed results [32, 33].
Clearance for the Dynesys system by the Food
and Drug Administration (FDA) in the USA is
limited to use as an adjunct to spinal fusion of the
thoracic, lumbar and sacral spine for degenera-
tive spondylolisthesis with neurological impair-
ment, and for a prior failed spinal fusion (pseu-
doarthrosis). Clinical trials are ongoing for use of
Dynesys as a stand-alone device in the absence
of spinal fusion.

Stabilimax NZ features dual concentric
springs combined with a ball-and-socket joint to
enhance spinal stability and to increase the resist-
ance of the passive spinal system around the neu-
ral zone while permitting controlled motion in
flexion and extension. Stabilimax NZ is inserted
by pedicle screws in exactly the same way as fu-
sion devices. However, a bone graft is not placed
to promote bone growth for fusion.

PercuDyn™ (Interventional Spine) (Fig.
14.12) is a screw-based posterior stabilization

device. Two screws are inserted with a totally
percutaneous, fluoroscopy-guided approach
through the pedicles into the vertebral body. The
polycarbonate-urethane-resilient heads provide
support to the inferior articular facets of the up-
per vertebra, thereby limiting their range of mo-
tion in extension. This device can be used if a
spinous process is not present (L5-S1 or post-
laminectomy). Moreover, the device might be
better at treating diskogenic pain. The device is
mounted more anteriorly with respect to a true
interspinous device. Consequently, it exerts a
more efficient action in moving the ICR outside
the disk, forcing the segment into flexion into
a neutral position and keeping the posterior an-
nulus as distracted as possible. Thus, on a theo-
retical, biomechanical basis, it should decrease
intradiskal pressure, reduce annular compres-
sion, and preserve posterior disk height in a more
efficient way than more posteriorly applied de-
vices [34].

Several trials are being conducted to evaluate
the safety and efficacy of many of the devices de-
scribed above (Flexus, Prow, In-Space, Superion,
Wallis, DIAM, Aperius, Coflex, Stabilimax NZ).
In addition to the above-described technologies,
a lot of other dynamic stabilization devices are in
various stages of development. In addition, some
companies are developing technologies that
would allow a combination of posterior dynamic
stabilization devices and total disk replacement
as an alternative to spinal fusion.
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Fig. 14.13 The rigid, percutaneous
Aperius™ interspinous spacer reduces
degenerative spondilolisthesis and widens
the sagittal diameter of the spinal canal
(preoperative MRI in a, postoperative
MRIin b)

14.4 Patient Selection

Rigid or semi-rigid interspinous devices such as
the X-STOP, Aperius or In-Space were devel-
oped originally for the treatment of INC symp-
toms due to segmental spinal stenosis [20-22].
INC symptoms are pain and discomfort radiat-
ing to the buttocks, thigh, and lower limbs dur-
ing standing and walking. This is exacerbated
by lumbar extension and relieved by flexion.
Standing narrows the neural foramina and canal
area, resulting in the impingement of nerve roots,
whereas flexing (such as when sitting or riding a
bicycle) increases the cross-sectional area of the
spinal canal, thereby relieving this impingement.

In extension, the implant significantly in-
creases the canal area, subarticular diameter, ca-
nal diameter and area/width of the foramen [18,
35, 36]. The final effect is that the implant pre-
vents narrowing of the spinal canal and foramina
in extension, thereby reducing or eliminating
compression of the nerve root. Figure 14.13 il-
lustrates reduction of the anterolisthesis and wid-
ening of the spinal canal after insertion of an in-
terspinous device (Aperius).

This indication for implantation of an in-
terspinous device has been validated by a rand-
omized, controlled, prospective, multicenter trial
comparing patients treated with X-STOP with pa-
tients treated by non-surgical means [19, 25, 26].

"

The indications for control of axial pain are
poorly defined and left to the surgeon’s personal
opinions and experience. Reliable data are lack-
ing but hopefully ongoing trials will provide the
necessary evidence for appropriate choices. Most
studies are focused on moderate degenerative
lumbar stenosis at one or two levels or treatment
of mild-to-moderate degenerative disk disease
(DDD) of the lumbar spine.

The most frequent indications are early disk
degeneration (“black disk”, which is an incorrect,
non-radiological definition that is widely used in
surgical communities), contained disk hernia-
tions, mild segmental instability (postoperative
or not), and facet syndrome (with hypertrophy,
osteophytosis, cysts, incongruity). The indica-
tions proposed by Sénégas for the Wallis system
are significant loss of disk material after surgery,
a degenerative disk adjacent to a fused segment,
and an isolated Modic 1 lesion [37] thought to be
the cause of chronic LBP. Another indication is
providing a cushioning mechanism to SU adja-
cent to fused levels.

The principles of biomechanics (see para-
graph 14.2) should direct surgical strategy. Rigid
or semi-rigid interspinous components limit ex-
tension, moving the ICR and loads away from the
facets and posterior annulus. The tension bands
limit flexion and rotation, adding stability and
helping to restore the alignment of the metamers.
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Changes in the location of the ICR change the
deformation of local areas of tissue, moving the
distribution of the loads. In the case illustrated
in Figure 14.14, the pain source is presumably
the anterior inflammatory osteochondrosis. The
surgical strategy should rely more on limitation
of flexion (i.e., on the posterior tension band to
reduce the anterior disk load). The interspinous
spacer partially limits the load on the anterior
disk, however, forcing the facets to open instead
of closing in extension (as discussed above). For
this reason, almost all devices with a tension
band are double-action devices, coupling bands
and an interspinous spacer. Such systems tend
to add stability to the vertebral segment, while
simultaneously limiting the extremes of flexion
and extension (i.e., reducing the NZ that was
widened by the pathologic conditions) and re-
storing a range of motion that is as physiological
as possible. Such systems increase resistance to
compression and stretch, not (or only partially)
affecting rotation and lateral bending.

Nucleus augmentation materials and/or de-
vices such as GelStix could play a part in revers-
ing diskogenic pain in the early phases of disk
degeneration (Pfirrmann grades 2—4 [38] without
evidence of Modic modification of the endplates
and/or evidence of intradiskal granulation tissue).
Section 14.2 showed that as the nucleus pulposus

Fig. 14.14 Anterior osteocondrosis
of the L4-L5 disk space as shown
on MRI. a T2-weighted image
shows intense hypersignal of

the endplates and adjacent bone
marrow, compared to the T1-
weighted image (b), that shows
prevalence of hyposignal; this
indicates a prevalence of Modic 1
modifications (inflammatory) with
a less intense Modic 2 component

dehydrates and degenerates, it no longer acts as an
efficient shock absorber because it cannot expand
under loads. Therefore, the annular fibers are no
longer forced out radially to absorb the transmit-
ted loads. Annulus fibers are compressed under
physiological loads and this condition leads to
tears, fissures and painful granulation tissue (Fig.
14.15). GelStix aims to reverse the degenerative
process by restoring pressure, hydration and nor-
mal mechanical action to the intradiskal space.
The indications for its use should therefore be
limited to the early stages of disk degeneration.

As disk degeneration progresses, there is
sprouting of vessels accompanied by nociceptive
fibers from the outer toward the inner disk. This
sprouting becomes painful owing to the pres-
ence of nodules of granulation tissue (sometimes
evident on MRI as nodular zones of high signal)
usually in the posterior annulus [39]. In some
cases, as in Fig. 14.16, the origin of pain could
be presumed to be from the hyperintensity zone
(HIZ) in the posterior annulus. In such situations,
the aim is to move the load away from the poste-
rior annulus by means of the action on the ICR of
a rigid posterior interspinous device. The action
of the device could, in theory, reverse the wrong
load condition on the annulus, favoring its regen-
eration and rehydration of the nucleus.

Among the advantages of motion preserva-



14 Percutaneous Lumbar Posterior Stabilization for Low Back Pain

197

Fig. 14.15 MRI showing early disk degeneration (Pfirrmann grade 3)
with dehydration of the nucleus pulposus but minimal reduction of disk
height. The distinction between the nucleus and annulus fibrosus is
unclear because the nucleus is fragmented and “creeps” through tears

in the inner annulus (arrow) (a). This condition is confirmed in b by the
corresponding CT diskography: the contrast medium does not remain (as

it should in normal anatomy) centrally confined to the nucleus but diffuses
in a circumferential annulography. Tiny tears in the external annulus are
also present, justifying the epidural leak (arrow)

Fig. 14.16 MRI showing hyperintensity zones in the posterior annulus
representing tears and granulation tissue (arrows). In b, note the
asymmetric outward bulging of the external, innervated fibers of the
annulus, being loaded in compression rather than radially, owing to

nuclear degeneration

tion that must be considered is the positive effect
that normal load and motion have in maintain-
ing all joints in good health, thereby providing
ideal nutrition for the articular components. This
is true for intervertebral disks, which are not
vascularized and consequently rely for nutrition

and oxygenation on osmotic diffusion from the
surrounding tissues (particularly through the per-
meability of the cartilage endplates). Nutrients
are pumped into the disk, and movement plays
a major part in this process. When treating dis-
kogenic pain, disk degeneration must be limited
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Table 14.1
Contraindications to
the use of interspinous
implants

1. Allergy to titanium or titanium alloys (or any component of the implant).

2. Spinal anatomy or disease that would prevent implantation of the device or cause
the device to be unstable in situ (such as a fracture, significant scoliosis (Cobb

angle >25°), degenerative spondylolisthesis greater than grade 1.0 (on a scale of 1
to 4) or true spondilolisthesis due to isthmic lysis) because the action of the device
would widen and aggravate the lysis and not modify the degree of the olysthesis.

3. Ankylosed segment at the affected level(s).

4. Cauda equina syndrome (defined as neural compression causing neurogenic
dysfunction of the bowel or bladder).

5. Active systemic infection or infection localized to implantation site.

6. A diagnosis of severe osteoporosis (defined as bone mineral density (from dual-
energy X-ray absorptiometry or a comparable study) in the spine or hip that is >2.5
standard deviations below the mean of normal adult values.

to Pfirrmann grades 1-4, and diffused Modic
changes should be excluded (though small spots
of limited Modic degeneration of the endplates
are acceptable).

Rigid or semi-rigid interspinous spacers may
help reduce minimal degrees (grade 1.0 on a scale
of 1 to 4) of degenerative spondilolisthesis (see
Fig. 14.12) due to spondylotic facet deformation
(but not a true olysthesis due to lysis, see below).

Degenerative retrolisthesis with diskopathy,
reduction in the height of the posterior annu-
lus, and possible associated Baastrup syndrome
(“kissing” spinous processes with progressive,
painful interspinous degenerative alterations) are
good indications for an interspinous spacer.

14.5 Contraindications and
Complications

There are several contraindications to the use of
interspinous implants (Table 14.1) [40]. An os-
teoporotic condition must be considered to be a
contraindication because of the risk of fractures
consequent to the pressures generated against
bony surfaces.

Barbagallo et al. [41] analyzed complications
in a series of 69 patients. At a mean follow-up
of 23 months, 8 complications (11.5%) were re-
corded: 4 device dislocations and 4 fractures of
spinous processes. A prospective observational
study found a high prevalence of fractures of
spinous processes in 38 patients (50 implants)
after implantation of interspinous stand-alone de-
vices [42]. A fracture was not identifiable on plain

radiographs, but postoperative computed tomog-
raphy identified non-displaced spinous-process
factures in 11 patients (28.9% of patients, 22% of
levels). Direct interview of patients as well as re-
view of medical records indicated that 5 fractures
were associated with mild-to-moderate lumbar
back pain, and 6 fractures were asymptomatic.
Three of the 11 patients underwent device remov-
al and laminectomy for persistent pain. Fractures
in the other 3 patients had healed by 1 year.

In a recent study [43], we assessed the fea-
sibility and efficacy of cement augmentation of
the posterior vertebral arch (spinoplasty) before
Aperius implantation in preventing perioperative
and post-implant fractures of spinous processes.
Spinoplasty seemed effective in preventing de-
layed fractures of the posterior arch after place-
ment of interspinous spacers in patients at risk for
fragility fractures.

14.6 Conclusion

Dynamic stabilization (non-fusion or motion-
preservation technologies) aims to provide sta-
bilization while maintaining the mobility and
function of the SUs by favoring realignment, pre-
venting extremes of flexion and extension, and
unloading painful areas within the SU (especially
discs or facets), through modification of distribu-
tion of loads.

Dynamic unloading of the overall SU is not
possible (it is equivalent to a rigid fusion). Often,
pain occurs not from an increase in the quanti-
ty of motion but from abnormal distribution of
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loads across sensitive areas of the SU. Changes
in the location of the ICR change the deformation
of local areas of tissue, moving the distribution of
loading away from painful areas.

Dynamic stabilization could relieve stress
peaks in facets and the anterior and posterior
annulus provided adequate designs and sizes of
spacers are chosen. Thus, dynamic stabilization
may provide pain relief by altering the transmis-
sion of abnormal loads across the degenerated
structures.

The indications for surgery remain poorly de-
fined and reflect largely the opinions of individual
surgeons. The main issue is that diagnostic tech-
niques cannot be used to identify exactly the pain
source, and our understanding of pain etiology
is poor. The same issue underlies fusion surgery,
which is considered to be the “gold standard” for
the treatment of instability. The dynamic stabi-
lization techniques discussed in this chapter are
limited to the lower grades of instability, thereby
representing the first, low-invasiveness tool in the
armamentarium of the spine surgeon. Dynamic,
minimally invasive implants should be used to
avoid or delay more aggressive procedures, and
their use as “intermediate” solutions is justified
as long as iatrogenic trauma during implantation
is minimal. From a speculative and prospective
viewpoint, early correction of low grades of in-
stability by minimally invasive, dynamic devices,
could not only stop or delay, but even reverse de-
generation of the components of the SU.

As clinicians dealing with spinal diseases,
we see patients suffering from instability while
simultaneously understanding the lack of diag-
nostic certainty. In this situation, the main advan-
tage of dynamic stabilization systems is that they
are they are minimally invasive, can be custom-
ized, and are readily reversible. They maintain
motion and spinal alignment, and are cheaper
and safer than instrumented fusion procedures.
Furthermore, dynamic stabilization systems do
not preclude further therapeutic options.

Nevertheless, many questions are yet to be an-
swered. Further studies are required to determine
the optimal design of implants. This is the begin-
ning of a new era of surgery for the degenerative
spine. Radiologists are the best trained for the cor-

rect use and application of percutaneous or mini-
mally invasive (often radiograph-guided) surgical
methods and devices. Several of these surgical
methods and devices have been proposed and de-
veloped by radiologists. Orthopedic surgeons and
neurosurgeons share a long tradition of invasive
treatments of the degenerative spine. These “two
worlds” are getting closer, and an open and un-
biased cooperation of these communities should
represent good news for our patients.
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15.1 Introduction

About 70% of cancer patients develop spinal me-
tastases, and the peak age is 40-70 years (with
10-20% of these cases involving compression of
the spinal cord). Given the steady ageing of the
population in western countries, treatment is bur-
densome with appreciable economic costs [1, 2].
Common malignances with metastatic involve-
ment of the spine are those of the breast, lung,
prostate gland and bone marrow (lymphoma and
multiple myeloma). These account for about 60%
of the overall metastases seen in the spine, with
tumors of the gastrointestinal tract and kidney
accounting for 5% [3]. Primary neoplasms of
the spine are relatively rare (<10% of the entire
spectrum of spinal neoplasms) and are classified
usually according to their origin (i.e., osseous,
cartilaginous, vascular). Further classification
into “benign” or “malignant” is based usually on
overall evaluation of their clinical progression,
histopathological evidence of invasiveness, and
response to therapy. Some primary tumors that
may be considered benign under strict histologi-
cal evaluation show certain “aggressive” behav-
iors related to their usual site of origin close to
neural structures and due to their tendency to re-
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cur (e.g., osteoblastomas, aneurysmal bone cysts,
giant cell tumors) [4].

Tumor spread may be vascular (arterial or via
the Batson venous plexus), through direct con-
tiguous extension from paraspinal soft tissues,
or by seeding through cerebrospinal fluid. The
intense vascularization of the vertebral bodies
(VBs), particularly at their posterior third, ac-
counts for their targeting by metastases. Pedi-
cles, articular apophyses and laminae are usu-
ally involved later due to direct tumor extension
through the VB. Whatever the site of metastasis
nesting (anterior or posterior vertebral elements),
they are extradural in 94-99% of cases, with epi-
dural involvement secondary to direct contiguous
growth. All spinal segments may be involved,
with higher frequencies observed for dorsal and
lumbar segments compared with cervical and sa-
cral segments. In <30% of cases, the involvement
is multisegmental, but usually only one segment
is symptomatic, with localized, non-radicular,
dull pain being the most common complaint. The
pathophysiological mechanism of such pain is
based on the release of chemical agents by over-
turned bone and tumor cells. This action results
in: the stimulation of endosteal nerves and inhibi-
tion of osteoblastic activity; periosteal stretching;
and the infiltration and compression of nerves
and surrounding tissues. The net effect is patho-
logical fractures. In a cancer patient, new-onset
pain in the neck and back with relentless pro-
gression are pathognomonic of spinal metastasis.
Radicular pain or neurologic deficits (motor-
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sensory or visceral) arise depending on the extent
and location of neural impingement. Mechanical
spinal instability, defined by the Spine Oncol-
ogy Study Group as “loss of spinal integrity as
a result of neoplastic process that is associated
with movement related pain, symptomatic or pro-
gressive deformity and neural compromise under
physiologic loads” (i.e., secondary to interseg-
ment altered load transfer) is another common
sign that usually directs the treatment toward less
conservative interventions (i.e., conventional or
minimally invasive) [5, 6].

In general, conservative treatment (drug- or
radiation-based) has led to prolonged life ex-
pectancy with positive effects on quality of life
(QoL). However, in many cases, spinal tumors
manifest mechanical issues that cannot be solved
conservatively, thereby leading to surgical or, for
our part, interventional treatment.

Evaluation of the most suitable treatment is
based on diagnostic imaging (radiography, com-
puted tomography (CT), magnetic resonance im-
aging (MRI), radionuclide imaging), tumor his-
tology, and thorough clinical evaluation. Many
classification systems are available to aid evalu-
ation. A useful mnemonic has been proposed by
Paton et al. called the LMNOP system, where:
“L” stands for the location-levels-extent of lesion
involvement (L); “M” represents evaluation of
mechanical stability according to the Spine In-
stability Neoplastic Score (SINS); “N” is neural
structure compromise; “O” is tumor radiosensi-
tivity; and “P” is patient clinical status and previ-
ous treatments [5, 7].

The aim of treatment of spinal metastasis is
inherently palliative. Hence, it is usually indi-
cated in the case of single lesions or, if multiple
lesions are present, towards those lesions which
are clinically expressive. However, one must
consider if the patient is fit enough to undergo
treatment (particularly in the case of convention-
al surgery). For example, a patient with a single,
painful lesion embedded in a VB without neural
impingement and good clinical status will be able
to undergo each treatment up to the corpectomy
with spinal instrumentation. Conversely, a pa-
tient with poor clinical status with multiple spi-
nal lesions, one of which has clinically relevant

and progressive neural impingement, will benefit
from less invasive options in which the primary
goal is to reduce the mass effect of the lesion.

15.2 Basic Principles of Available
Treatments

The aim of the treatment is to relieve pain and
to preserve or restore (even partially) neurologi-
cal function. The fulfillment of this mission is
of enormous value for the patient. When deal-
ing with spinal metastasis, the first non-surgical
treatment radiotherapy. For thorough coverage
of these issues, cross-refer to specific chapters
because here we discuss the basic principles.
Radiotherapy is indicated as first-line treatment
in cases of symptomatic radiosensitive lesions
without neurological compromise or signs of
instability. Tumors whose spinal metastases are
radiosensitive are lymphoma, multiple myeloma,
small-cell lung carcinoma, seminoma, neuroblas-
toma amd Ewing’s sarcoma [8]. In general, con-
ventional radiotherapy loads a 25-40-Gy dose
fractionated over 10-14 days, beaming an area
the width of about 2 VBs (a margin of about 5 cm
around the target lesion). The low radiation toler-
ance of the spinal cord (including cauda equina
rootlets at the lumbar level) is the main limiting
factor in most cases, and yields suboptimal radia-
tion of lesions [9,10].

Radiotherapy may also be delivered through
the stereotactic method, the goal of which is to
obliterate a relatively small lesion in a single,
high-dose fraction. Conventional radiotherapy is
based on the intrinsic radiosensitivity of the tumor
and therefore involves multiple, small-dose frac-
tions. Stereotactic radiotherapy is not based on
such sensitivity. The rationale of the stereotactic
method is to focus many radiation fields simul-
taneously onto the volume of interest (VOI) to
achieve a steep decreasing dose gradient around
its margins. To simplify the difference between
conventional and stereotactic radiotherapy, we
can assume that, whereas in conventional radio-
therapy the dose is fractionated over time (i.e.
multiple small doses over several days), in ste-
reotactic radiotherapy the dose is fractioned over
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Fig. 15.1 Main components of a radiofrequency ablation system (schematic): electrode, and ground plate with the pa-
tient’s body close to the circuit of the field lines (light gray) (a). Active tip on which surface field lines converge tightly,
letting the surrounding charged molecules to vibrate to-and-fro with consequent temperature rise by the Joule effect (b)

space (i.e. multiple doses focusing at the same
time on the VOI). Focusing almost all the dose
inside the target volume allows the surrounding
tissue to be spared and able to tolerate the low-
intensity convergent beams. The typical dose is
approximately 8-20 Gy in 1-2 sessions in the
outpatient setting. The advantages of this method
are that patients who were irradiated unsuccess-
fully and those who cannot tolerate surgery due
to poor clinical status can be treated. The disad-
vantage is that lesion shrinkage may be delayed
over several weeks, so several re-treatments may
be required [11, 12].

Surgery is strongly recommended if radio-
therapy is unsuccessful and if the primary tumor
is not known. In such cases, surgery can be diag-
nostic and therapeutic. The essence of surgery in
these cases is decompression of the spinal cord
and spinal roots and stabilization of the spinal
column. The specific types of surgical interven-
tion are dependent upon several factors, includ-
ing the location inside the vertebral element, the
level and extent of involvement, bone integrity,
and patient debility. The approaches may be an-
terior (indicated for cervical and upper thoracic
segments) or posterior (indicated for the cranial—
cervical junction, mid-thoracic and lumbar seg-
ments). Decompression may be the only treat-
ment but more frequently it is associated with
spinal instrumentation.

The surgical options mentioned above are

“aggressive” interventions. However, some less
invasive methods are available, each with their
specific indications, advantages and disadvan-
tages. Some of these (e.g., vertebroplasty, ky-
phoplasty) have been tackled in other chapters,
to which the reader is directed. Others, such as
spinal alcoholization (which was the first method
to be employed successfully) have been almost
completely abandoned because of poor outcomes
and higher prevalence of complications.

15.3 Radiofrequency Ablation (RFA)

Each RFA apparatus comprises a ground plate,
generator, and electrode, each with its own con-
nection cable. The patient lies between the ground
plate and the electrode (Fig. 15.1a). When this cir-
cuit is closed, an alternating electric current with
a frequency around SMHz is running. The proto-
typical monopolar electrode is completely insu-
lated except its tip. Many types of electrodes are
available, each with its own unique characteris-
tics. However, they differ appreciably in terms of
the length and thickness of the tip, which are the
main determinants for lesion size. In the case of
a single electrode system, the active tips usually
range between 2 mm and 30 mm in length and
0.7 mm and 2 mm in radius. The lesion size is in
linear proportion with the length, but not for the
radius: there are reasons for this. When the circuit
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is closed and the generator activated, a RF electric
field runs through the patient’s body: it alternates
in and out of the ground plate and electrode tip.
The entire surface area of the electrode tip, how-
ever, is many orders of magnitude narrower than
the ground plate. Hence, the density of the field
lines that are forced through the electrode tip is
huge. Now, because the alternating electric field
acts on the charged molecules of the body, letting
them vibrate to-and-fro in proportion to the den-
sity of the field lines, such vibrations will be very
high at the tip and point of the ground plate (Fig.
1b). At the molecular level, to vibrate under alter-
nating RF electric current means to “heat” (“Joule
effect”), i.e. to denaturate, which is the intended
purpose: coagulative necrosis of the lesion.

The “ideal” temperature for coagulative ne-
crosis of the lesion is approximately 60-65°C. A
lower temperature leads to sublethal lesions. A
temperature >100°C leads to tissue dehydration
and vaporization with increased impedance and
hence electric current insulation, which prevents
further deposition of energy. However, the tissue
around the electrode absorbs such heat. Hence,
the tissues around the electrode tip must be
heated at higher-than-ideal temperatures (around
85-90°C) to obtain a lesion wide enough to be
effective. Generator algorithms fed by detectors
for temperature, voltage or impedance control the
power output, pulse duration and saline flush for
specific electrodes to maximize energy deposition
inside the target tissue. Such variables may also
be pre-set by the operator, who can determine the
duration of the pulses or the minimum tempera-
ture that has to be reached to achieve complete
coagulation of a specific tissue. As a general rule,
in a single-electrode system, the span of coagu-
lated tissue around the tip must be the width of
about two electrodes to produce a spheroid lesion
whose long axis is about the same length of the
uninsulated electrode tip (Fig. 15.2a).

A single lesion produced by an electrode is
usually very small compared with the diameter
of the tumor. Hence, several lesions must be pro-
duced to achieve complete coagulation of the
tumor. This can be accomplished by two meth-
ods: (i) multiple consecutive lesions produced
by a single electrode at different positions or (ii)

multiple electrodes are placed simultaneously. If
a single electrode is placed, the width of each sin-
gle lesion will be dependent upon the tip length
and radius of the electrode, and the final width of
the lesion will be the sum of all the single lesions
formed. For multiple electrodes placed simulta-
neously, the overall lesion width will be slightly
wider than would be expected by the sum of all
lesions. That is because if two electrodes are
placed approximately 6-10 mm from each other
and if the 65°C isotherm of each electrode does
not overlap, they lie close enough to create a sin-
gle lesion. Hence, for very large tumors, place-
ment of multiple electrodes is desirable (unless
technically unfeasible) because of their faster and
wider tumor coagulation compared with treat-
ment using multiple consecutive single lesions.

RFA systems are available with single or
multitined electrodes. Single electrode systems
produce spheroid lesions whose size is depend-
ent upon the surface area of the active tip. Some
companies produce hollow electrodes through
which the cavity is flushed with saline to outside
the tip with the aim of control of temperature and
impedance (Fig. 15.2b and d); saline flow is regu-
lated by generator algorithms. In other models,
the saline flush is in a closed circuit without ex-
ternal flushing (i.e., internally cooled electrodes).
As stated above, the lesion size is dependent upon
the surface area of the electrode. Hence, in some
single electrode systems, to achieve such increas-
es in surface area, the electrode is very long and
spring-shaped (Fig. 15.2e). Some companies pro-
duce bipolar electrodes in which the distal end
has two non-insulated surfaces located serially
that act as double poles (“bipolar electrodes”™).
Alternatively, two different electrodes act as op-
posite poles. In both cases, a ground plate is not
necessary because the circuit is closed by the two
electrodes (Fig. 15.2c¢).

In the case of multitined electrodes, a “bun-
dle” of narrow electrodes is deployed inside the
lesion, thereby increasing the overall surface
area of the electrode. The size and shape of the
lesion is dependent not only on the tip size of a
single tine, but also on the number and geometry
of the expanded cluster of electrodes. Multitined
expanding electrode systems range from 3 to 12
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Fig. 15.2 Plain electrode
highlighting the determinants of
lesion size, diameter and length
of the active uninsulated tip
(schematic) (a). Plain closed
circuit cooled electrode (b).
Serial bipolar electrode (c).
Hollow straight open circuit
saline cooled electrode (d).
Spring-shaped electrode deployed
through a straight introduction
cannula (e). Multitined electrode
fully deployed through straight
injection cannula (f)

Fig. 15.3 Angiographic fluoro-CT suite (a) and 64-row
CT with a portable X-ray system (b) for combined fluoro-
scopic-CT procedures
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Fig. 15.4 Lateral fluoroscopic view of a spring-shaped radiofrequency electrode inside a vertebral body during deploy-
ment (arrow) by the transpedicular route in a case of breast-cancer metastasis (a). Axial CT slice showing the same case
with one wire of the electrode highlighted (arrow) (b). Axial CT slices showing radiofrequency ablation of a colorectal-
cancer metastasis of the right sacral wing with a spring-shaped electrode (arrow) in situ through a posterior paraverte-
bral approach with gas inside the hollowed lesion at the end of the procedure (circle) (¢ and d). Radiofrequency ablation
of a L5 somatic metastasis of myeloma (arrows) approached by the trans-iliac route (e and f)
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active tips spanning outward, thereby leading
to lesions up to 40-mm wide (Fig. 15.2f). Also,
the electrodes can be “simple” or “cooled”. In
general, multitined electrodes are not indicated
for the ablation of lesions in close contact with
neural structures because of the less controlla-
ble and more invasive nature of the lesion they
produce. If a small lesion with highly predictable
geometry has to be created (e.g., neoplastic tis-
sue close to a nerve root that must be spared), the
electrodes of choice should be single monopolar
or bipolar, whereas the bulk of the tumor can be
ablated safely with multitined electrodes.

Electrode placement can be accomplished
under fluoroscopy or fluoroscopy/CT guidance
(Fig. 15.3a and b) with patients under local an-
aesthesia and sometimes mild sedation (general
anaesthesia is needed very rarely). Electrodes are
deployed through an introduction stiff cannula
whose diameter usually ranges from 18 G to 13
G depending on the type of electrode employed
(Fig 15.4 a—f).

The complications associated with RFA can
be the general complications related to all per-
cutaneous procedures (e.g., infections, hema-
toma at the entry site) or specific complications
related to heat damage of healthy tissues. For
the latter, some authors claim that posterior wall
“wracking” lesions with soft-tissue involvement
are not amenable for percutaneous RF treatment.
In some cases, difficulties related to electrode
retraction (particularly with multitined elec-
trodes) associated with the adherence of co-
agulated tissue have been reported. Care must
be taken in placing the ground plate because of
the potential risk of skin burns in cases of un-
even adhesion to the skin surface. Moreover, in
the case of an already instrumented spine, elec-
trodes should not be placed in close proximity
to metallic devices because of the risk of short
circuits [13].

15.4 Cryoablation

Over the past few years, image-guided minimally
invasive percutaneous tumor ablation using ther-
mal-based methods has received growing atten-

tion for the treatment of primary and secondary
many malignancies.

Cryosurgery was introduced in the mid-1960s
for the treatment of tumors that were readily ac-
cessible by endoscopy or direct visualization
(skin, oral cavity, prostate gland). However, the
first use of extreme cold in the treatment of mus-
culoskeletal tumors dates back to 1970 [14]. Ini-
tially, this method was employed as an adjuvant
in the management of various bone tumors. It
comprised curettage and burr-drilling of the tu-
mor cavity, direct injection of liquid nitrogen into
the cavity, and reconstruction of the cavity using
implants and polymethylmethacrylate (PMMA).
However, application of liquid nitrogen directly
into the cavity had several drawbacks: (i) there
was no control of the overall freezing time or of
the temperature at different sites within the cav-
ity; and (ii) the liquid could not reach the areas
of the tumor cavity which were situated above
the fluid level because it was a gravity-dependent
procedure. For these reasons, several attempts
to improve this method were undertaken. In the
late 1990s, a new technique was introduced to
achieve accurate determination of the tempera-
ture and freezing time within a cavity of any
geometrical shape. That is, after tumor removal
by curettage, the cavity was filled with a gel fol-
lowed by insertion of metal probes through which
argon gas was delivered. Further development
led to argon-based ‘“third-generation” systems
featuring unique 17-G needles which, together
with advances in imaging methods, have enabled
minimally invasive percutaneous procedures to
be carried out under image guidance.

The aim of thermal-based tumor ablation is to
destroy tumor tissue by increasing temperatures
(“hyperthermic ablation”) or decreasing tem-
peratures (“‘cryoablation”) to induce irreversible
cellular damage. Cryoablation takes advantage
of the Joule-Thomson effect, which describes
the change in temperature of gasses if they are
subject to expansion or compression. The tip of a
cryoprobe contains a small chamber in which gas
expansion occurs, thereby providing the neces-
sary “heat sink” during freeze cycles and the heat
source during thaw cycles. In this way, using ar-
gon (which provides a heat sink of approximately
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Argon input
Expansion chamber

Fig. 15.5 Tip of a cryoprobe with an
expansion chamber through which
argon and helium produce a heat sink
and thawing cycles (schematic) (a).
Coronal (b) and axial (c¢) multi-pla-
nar reformatting-computed tomog-
raphy images of a case of vertebral
metastasis from cholangiocarcinoma
showing cryoprobes inside the verte-
bral body, each with its own ice ball
(dotted line) merging to produce a
single lesion. Cryoprobes have been
placed by the transpedicular route

leceball

9 kJ to generate a temperature as low as —140°C),
an “ice ball” is generated.

In cryoablation, the freeze cycle is followed
by a passive thaw cycle, a second freeze cycle
and, finally, an active thaw cycle carried out by
replacing argon with helium (which heats during
expansion). The destructive effects of freezing
tissue can be grouped into two major mecha-
nisms: immediate and delayed. The immedi-
ate cause of damage is the effect of cooling and
warming cycles on cells. That is, as temperature
falls into the moderate freezing range (—20°C),
formation of ice crystals occurs in the extracel-
lular spaces, causing water withdrawal from the
system, thereby creating a hyperosmotic extra-
cellular environment. As this process continues,
ice crystals grow and water is drawn from cells,
which shrink, causing damage to the membranes
and constituents of the cells. However, the onset
of dehydration and higher concentrations of in-

tracellular solutes are not always lethal to cells
but, at lower temperatures (—40°C), ice crystals
form within cells (especially with rapid decreases
in temperature). Subsequently, if the temperature
increases (—20°C/-25°C), ice crystals fuse to
form large crystals (“recrystallization”) which,
in tissues characterized by closely packed cells,
causes membrane disruption. All of these pro-
cesses are enhanced by rapid cooling (which in-
creases intracellular ice formation) followed by
slow thawing (which maximizes the growth of
crystals and is a prime destructive factor: a sec-
ond freezing cycle). After the tissue thaws, the
delayed cause of injury is the progressive failure
of the microcirculation with subsequent vascular
stasis, apoptosis and coagulative necrosis.

To achieve complete and adequate destruc-
tion of the target tumor by thermal ablation,
the entire tumor and ablative margins must be
exposed to cytotoxic temperatures. Hence, be-
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Fig. 15.6 L3 treatment of a metastatic lesion in a 50-year-old male with colorectal cancer. After biopsy (a), a 17-G
cryoprobe was inserted coaxially through the same 13-G needle (b) and fluoro-CT-guided cryoablation undertaken (ice
ball is shown as a dotted oval shape) (c). This was followed by cement injection to ensure vertebral stability; lateral
fluoroscopic view shows good cement impregnation of the cryoablated vertebral body (d)

cause necrosis of malignant tissue is achieved at
—40°C and cytotoxic effects are achieved at the
core of the ice ball (and because the temperature
increases rapidly by moving towards the ice-
ball surface), imaging guidance is necessary to
guarantee complete coverage of the lesion. For
curative cryoablation, the margins of the ice ball
should extend 3—-5 mm beyond the tumor mar-
gins. Hence, multiple cycles and/or more cryo-
probes placed in the geometric configuration that
provides the best coverage of the tumor may be

necessary (Fig. 15.5a—c). It has been demon-
strated that longer thawing phases cause greater
cell damage, and that repetition of the treatment
cycle is associated with more extensive and more
certain tissue destruction. Furthermore, different
types of cryoprobes are available, resulting in
different volumes and shapes of ice balls.

One of the advantages of cryoablation over
RFA is the chance of precise visual monitoring
of the ice ball with CT or MRI during the pro-
cedure. This reduces the risk of thermal damage
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Fig. 15.7 Axial CT slice showing a spring-shaped electrode inside a left sacral wing metastasis (a) followed by cement
augmentation (b). Axial CT slice (¢) and transparent volume-rendering (d) of a L5 somatic metastasis ablated by radi-
ofrequency and then augmented

to surrounding vulnerable tissues (particularly
neural structures). Multiplanar reformatting is
used intermittently to: monitor extension of the
ice ball: confirm appropriate covering of the
tumor; ensure the safety of adjacent vulnerable
tissues. In addition, cryoablation has intrinsic
anesthetic properties that allow carrying out the
procedure under mild sedation (or even local
anesthetic). Another major benefit of cryoabla-
tion in comparison with RFA is the reduction
of peri- and post-procedural pain. Furthermore,
in contrast to RFA, surgical metallic fixation in
contact with the tumor is not contraindicated for
cryoablation. Moreover, as with all ablative per-
cutaneous treatments, cryoablation is repeatable
in cases of recurrent pain or pain in newly meta-
static bone.

The main role of cryoablation in the treat-

ment of bone malignancies lies in the palliative,
targeted, minimally invasive ablation of pain-
ful metastases secondary to advanced cancer.
Patients with metastatic lesions are often in the
advanced stages of the disease at the time of di-
agnosis. Therefore they present with lesions that
induce recurrent pain which is often refractory to
conventional medical therapy, with consequent
significant impairment of QoL. Furthermore, re-
section is usually contraindicated because these
patients often have poor functional status.
Recent studies on small cohorts have reported
encouraging results regarding the cryoablation of
painful vertebral metastasis. For example, Kurup
et al. reported a decrease in the mean score for
worst pain from 6.7/10 to 3.8/10 in a 24-h period
over 4 weeks. Furthermore, patients reported a
reduction in the use of narcotics and pain relief
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that appeared to be durable, with excellent con-
trol of pain in the treated area during the 24-week
follow-up period [15]. However the treated le-
sions are usually osteolytic and, because ablation
may further weaken bone, vertebroplasty after
ablation may be necessary to reduce the risk of
fracture (Fig. 15.6 a—d) [16].

An additional option of cryoablation is tis-
sue displacement with catheter-guided balloons,
which is not possible with other heat-based meth-
ods due to the thermal limitations of these devic-
es. Finally, although osteoblastic metastases are
less commonly treated with cryoablation, the ice
ball can penetrate deeply into bone, whereas the
use of radiofrequency energy it is less successful.
However, in these cases, visual control of the ice
ball is reduced and a bone biopsy device or bone
drill may be required.

15.5 Conclusions

Cryoablation and RFA are minimally invasive
treatments indicated for specific spinal tumors.
Treatment strategies vary between conservative
options (radiotherapy) to very aggressive surgi-
cal interventions. The appropriate indication for
each treatment is based on clinical status and the
intrinsic characteristics of the tumors. Minimally
invasive percutaneous cryogenic and RFA pro-
cedures fall between the classifications of ag-
gressive surgery and conservative radiotherapy.
With the right indications, these procedures can
be used to heal patients who, in most cases, have
a short life expectancy and poor QoL.
Cryoablation and RFA may be undertaken
as stand-alone treatments or may be followed
by cement injections with the aim of bone aug-
mentation. In the latter thermal ablation (RFA
or cryoablation) has the double purpose of ne-
crotizing tumor cells and hollowing out the in-
filtrated osseous segment, thereby increasing
cement impregnation through production of a
“virtual cavity” (Fig. 15.7a—c). Cement augmen-
tation stabilizes spinal segments in a manner that
approaches surgical instrumentation with the
huge advantage of being a minimally invasive
procedure that is very well tolerated by patients.

Moreover, cement injection provides immediate
post-procedural relief and, in same cases, pre-
vents future fractures.
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16.1 Introduction

For a neurosurgeon, “minimally invasive sur-
gery” is not so much a procedure undertaken
with a small incision in the skin with a needle
or through a cannula but instead “appropriate
surgery” which involves the best possible result
with minimal adverse effects for the patient. This
means discarding a priori all therapies that have
been proven to have few or no benefits but which
are considered to be minimally invasive for rea-
sons that we do not agree with.

Another concept that needs to be stressed is
that the surgeon and the interventional neurora-
diologist must make the correct diagnosis and es-
tablish the appropriate therapy. That is, they must
undertake the procedure on patients themselves
(rather than on their radiological images), and
the objective is care of patients to heal them of
their symptoms, which must be consistent with
the imaging tests. Advanced imaging techniques
such as magnetic resonance imaging (MRI) and
computed tomography (CT) can sometimes de-
tect anomalies that are not connected to specific
symptoms, which are called “incidentalomas.”
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In the case of spinal disease, the neurosur-
geon is consulted if the:

* family doctor sends the patient directly to the
neurosurgeon;

» disease cannot be treated using interventional
neuroradiology;

e interventional neuroradiologist cannot re-
solve the problem and suggests a neurosurgi-
cal examination;

* procedures used by neuroradiologists are also
used by neurosurgeons.

16.2 Biomechanics of the Vertebral
Column

Appropriate surgical treatment of degenerative
spinal disease must respect the biomechanics of
the rachis [1]. The vertebral column is a com-
plex system that be analogized to that of a crane
with arms of different lengths. The crane is sup-
ported by a central pillar upon which two arms
rest. The one at the front is very long, whereas
the one behind is much shorter, and provided
with a counterweight that balances the crane.
The spine corresponds to the central supporting
pillar. The force of gravity to the long arm would
cause the crane to fall forward were it not for the
complex musculature of the vertebral column
(which corresponds to the rear arm of the crane
with its heavy counterweight that maintains bal-
ance, which is known as the “crane principle”)
(Fig. 16.1).
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Fig. 16.1 The “crane principle” of understanding the bio-
mechanics of the spinal column (schematic)

Another important biomechanical concept is
that of “sagittal balance”, a term used to indicate
the orientation of the vertebral column and its
balance in the sagittal plane (Fig. 16.2). The sag-
ittal plane runs in an anterior-to-posterior direc-
tion and divides the body into two parts, which
mirror each other. Furthermore, together with the
pelvis, the vertebral column can be considered to
be an open linear chain connecting the head to
the pelvis, in which the form and orientation of
each anatomical segment are closely related and
influenced by the adjacent segment. The ultimate
goal is to maintain stable balance and posture

with the lowest possible expenditure of energy. A
correct sagittal balance involves a cervical lordo-
sis, a dorsal kyphosis, a lumbar lordosis and cor-
rect inclination of the pelvis with respect to the
spine. An illness or surgery that alters this system
produces an “unbalanced spine” and consequent
problems ranging from simple pain to debilitat-
ing neurological damage.

From an anatomical viewpoint, vertebrae are
different from one individual to another, as are
the angles between them and the insertions of the
disk. Conventionally, thoracic—lumbar balance is
defined by a straight radiographic line that falls
between C7 and S1. If the line ends at the termi-
nal portion of the diskal plate S1, sagittal balance
is considered to be positive, and if the line ends
at the front it is defined as negative. For appropri-
ate assessment of individual balance, morphody-
namic studies of the conventional spinal column
are very important, such as radiographs under
dynamic loading or, preferably, stand-up MRI or
the EOS® system. A more or less rapid “degener-
ative cascade” (see below) corresponds to altered
sagittal balance.

Another important parameter is the ratio be-
tween the vertebral column and the pelvis, two
structures with complex inter-relationships (es-
pecially during movement). A fixed anatomical
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Fig. 16.3 The pelvic incidence is the angle formed be-
tween the perpendicular line drawn from the midpoint of
a line tangent to the plate of S1 and the perpendicular line
drawn from the midpoint of the femoral head

parameter called “pelvic incidence” (PI) corre-
lates the two structures. PI is determined on the
basis of the measurement of the pelvic tilt and
sacral slope. PI is the angle formed between the
perpendicular line drawn from the midpoint of
the line tangent to the plate of S1 and the per-
pendicular line drawn from the midpoint of the
head of the femur (Fig. 16.3). A patient with a
low PI has limited ability to tilt the pelvis and a
lower compensation in the case of disease of the
vertebral column. A patient with a high PI has
a large capacity of pelvic inclination through a
wide range of angles.

Consequently, pelvic orientation is deter-
mined directly by the morphology of the pelvis
in the sagittal plane in the same way that lumbar
lordosis is closely related to pelvic morphology.
Therefore, a patient with a high PI will probably
need a wide lumbar lordosis. These parameters
show that, under physiological conditions, the
line of gravity is positioned between the femoral
heads and the posterior portion of the upper plate
of S1. If the pelvis is rotated backwards, the dis-
tance between the posterior edge of S1 and the

line of gravity increases, and the patient’s posture
must change to adapt to this condition.

The vertebral column and the pelvis are mo-
bile segments with multiple muscle attachments.
The muscles are of paramount importance for
maintaining correct balance, allowing adaptation
of the vertebral column to its various physiologi-
cal and pathological conditions.

Stresses of various types affect the spine and
alter its operating conditions, which can lead to
the onset of disease. The pathological develop-
ment of the physiological aging process is called
the degenerative cascade and it can lead to bio-
mechanical and functional changes to the verte-
bral column such as dramatic degenerative sco-
liosis and overt instability.

16.3 Stenosis of the Spinal Canal

Marginal osteophytosis, fissuring of interver-
tebral disks and their “bulging” into the spinal
canal (with consequent loss of height of the in-
tervertebral disk space and pseudohypertrophy
or true hypertrophy of the ligamentum flavum),
hypertrophy of the facets, and stenosis of the lat-
eral recess represent the pathophysiological basis
of stenosis. They must all be treated by surgical
means because they cause stenosis of the spinal
canal. Nevertheless, the specific surgical treat-
ment to be adopted varies according to whether
the anterior or posterior segment is affected, or if
there is a spinal deformity.

Three types of stenosis of the spinal canal can
be distinguished:

e “soft stenosis” (in which the stenosis mainly
affects the soft parts, with a protrusion of the
disk and the ligamentum flavum into the ca-
nal);

e “hard stenosis” (in which the bony elements
are hypertrophic);

e “dynamic stenosis” (in which the stenosis is
the product of an abnormal mobility of the af-
fected vertebral segment or of a deformity of
the spine, as in the case of degenerative sco-
liosis).

In the case of soft stenosis, in which the ste-
nosis is located in the posterior elements, the de-
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terminant anatomical basis is the ligamentum fla-
vum. Consequently, the surgical procedure must
address this target. In the absence of listhesis or
deformity, surgical treatments can consist of fla-
vectomy, stretching of the ligament, or limitation
of extension.

Soft stenosis tends to be unstable. Hence,
if radiological investigation suggests dynamic
instability, decompression must be associated
with stabilization of the segment. In young pa-
tients, dynamic stabilization is recommended to
maintain lumbar mobility. Surgical treatment for
this type of stenosis includes the use of dynamic
interlaminar spacers. These devices stretch the
ligamentum flavum, causing a reduction in pres-
sure on the degenerative disk and thereby reduc-
ing stress on the facet joints. At the lumbar level,
the main contraindications for the use of such
devices are:

* instability at L5-S1 (where the lamina is
shorter and therefore less likely to support
this type of device);

* spondylolisthesis greater than grade I;

* severe OSteoporosis;

» asignificant reduction of the disk space;

* degenerative scoliosis.

The use of systems of dynamic transpedicular
stabilization is another alternative. These systems
reduce the normal physiological range of motion,
prevent hypermobility, lead to recalibration of the
disk space, and preserve the physiological pump
effect of the disk. This results in an interruption
of the degenerative cascade. Contraindications to
the use of such devices are soft disk herniation,
osteoporosis, and overt instability.

In principle, the most appropriate treatment
of younger patients is “step by step” treatment
starting with an interlaminar spacer, continu-
ing with dynamic stabilization, and ending with
laminectomy and fixation of the segment. In the
case of elderly patients, aggressive treatment is
appropriate from the beginning.

In the case of hard stenosis, the surgical op-
tions are:

* Dbilateral fenestration and enlargement of the
foramen;

* a unilateral approach with bilateral decom-
pression;

¢ laminectomy of the “Christmas tree” type,
with laminectomy, facetectomy, and bilateral
foraminotomy.

In multilevel cervical stenosis, laminoplasty
is associated with greater postoperative pain and
a lower quality of life (QoL) as compared with
laminectomy. Indeed, recent studies show that,
especially in cases where instability is absent,
laminoplasty does not have clear benefits com-
pared with laminectomy [2].

One must always check for signs of instabil-
ity. If present, one must associate stabilization of
the hypermobile segment with decompression of
the canal. Hard stenosis is commonly a multiseg-
mental stenosis. Hence, when planning surgery,
one should not try to improve movement but
rather preserve it. The surgical procedure must
therefore be targeted at the symptomatic level.

In the case of dynamic stenosis the treatment
should be modulated according to its extent.
Treatment ranges from simple ligamentoplasty to
segment stabilization with transpedicular screws
and bars.

16.4 Herniation of Spinal Disks

In industrialized countries, “back pain” affects
>80% of the adult population. It is the second
most common cause of illness for which people
seek a medical consultation and the number-one
cause of absence from work. The highest inci-
dence is among people between 30 years and 50
years of age. The social cost of herniated disks
is therefore very high. Epidemiological studies
have revealed that the health of 30% of patients
with herniated disks becomes chronic, whereas
70% of cases resolve in 3-8 weeks and, in the
latter group, recurrence occurs in 70% of subjects
within 1 year. The pathogenesis of disk hernia-
tion is related to mechanical factors which cause
fissure in the central area of the disk, with conse-
quent abnormal redistribution of the loads on the
disk segment. This redistribution results in the
loss of the effect of the diskal pump which, due to
its connection with the subchondral venous plex-
us, causes degeneration of the cartilage plate and
adipose involution of the vertebral body, which
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is defined as the “Modic effect” in radiographic

images [3]. With respect to the natural history

of disk herniation, the relationship between the
hernia and the posterior longitudinal ligament is
very important (i.e., whether or not it is intact).

In cases of extruded herniated disks, there is
a 75% probability of spontaneous reduction/re-
absorption, resulting in clinical improvement and
the disappearance of pain. There is no correlation
between the initial diameter of the herniated frag-
ment and the degree of reduction/re-absorption
of the fragment. The rupture of the posterior lon-
gitudinal ligament is associated with production
of a large volume of granulation tissue. Most of
the inflammatory cells contain interstitial colla-
genase (matrix metalloproteinase-1 (MMP-1))
and stromelysins (e.g., MMP-3), which deal spe-
cifically with the decomposition of type-II col-
lagen and proteoglycans. The presence of these
proteinases with direct actions on the compo-
nents of intervertebral disks explains the high
percentage of reduction/re-absorption of the ex-
truded_herniated fragment.

In contrast, this cellular response is virtually
absent in subligamentous hernias. These kinds
of herniated disks are less likely to heal sponta-
neously and therefore need surgical intervention
more often. The first type of treatment for a pa-
tient suffering from disk herniation is conserva-
tive. It is based on local and/or general pharmaco-
therapy and on personalized physio-kinesio-ther-
apeutic rehabilitation. Surgeons should be aware
that: (i) asymptomatic patients have herniated
disks in >75% of cases; (ii) symptomatic disk
herniation resolves spontaneously in 6-8 weeks
in 80% of cases; and (iii) 95% of patients return
to work within 3 months without recourse to in-
vasive treatment. Surgery should be considered:

e in the presence of a severe neurological
deficit;

* in the presence of a persistent “disability” that
is resistant to the various types of conserva-
tive treatment;

* upon request from the patient after he/she has
been clearly informed of the advantages and
disadvantages of surgery.

The formation of periradicular fibrosis is one
of the most important causes of failed back sur-

gery syndrome (FBSS) after surgery for lumbar
disk herniation. Numerous materials have been
used and studied to reduce the formation of scar
tissue. In our department, we tend to respect the
periradicular anatomical structures as much as
possible [4, 5]. In fact, preservation of the liga-
mentum flavum, sparing of periradicular fat, and
careful hemostasis encourage the preservation of
the ecology of the spinal root [3].

Surgery is indicated in cervical hernia if there
is radiographic evidence suggesting myelopathy.
Cervical diskectomy via the anterior route is the
prevalent surgical approach for degenerative dis-
ease of the cervical rachis.

The introduction of increasingly sophisti-
cated prosthetic implants onto the market has
undoubtedly revolutionized treatment. These
implants have improved the prevalence of in-
tersomatic fusion and overall cervical align-
ment, reduced postoperative immobilization and
improved clinical outcomes. Mobile implants
are being used increasingly frequently, which
aids preservation of the mobility of the cervical
spine. However, these disk substitutes are used
only in selected cases. Long-term data that show
conclusively the greater effectiveness of mobile
prostheses with regard to fixed prostheses are
not available.

16.5 Spinal Tumors

Spinal tumors represent 15% of all primary tu-
mors of the central nervous system (CNS), and
most are benign. The most common presenting
symptom is pain, followed by clinical signs of
myelo-radicular compression. Spinal tumors can
be divided into three major classes: extradural;
intradural extramedullary; and intradural in-
tramedullary [7, 8, 9].

16.5.1 Extradural Tumors

Extradural tumors account for 55% of all spinal
tumors. They originate from vertebral bodies and
epidural tissues. They are usually osteolytic me-
tastases (lymphoma, lung cancer, breast cancer,
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prostate cancer) or osteoblastic (prostate cancer,

breast cancer) and primitive spinal tumors (chor-

domas, osteomas, aneurysmal bone cysts, chon-
drosarcomas, osteosarcomas, vertebral heman-
giomas, plasmacytomas, multiple myelomas,

Ewing’s sarcoma).

Vertebral metastases occur in 10% of patients
with systemic disease. In 80% of cases they are
patients with primary tumors of the lung, breast,
prostate gland and kidney as well as melanomas
and lymphomas. The lesions are usually in the
thoracic area because of its greater extension.

Surgery is indicated in the case of:

e unknown primary tumors (for diagnostic pur-
poses);

* instability of the spinal column;

» pathological fracture resulting in vertebral
collapse and medullary compression;

¢ radio-resistant tumors such as renal cell carci-
noma and melanoma;

e tumor progression during radiotherapy or
if there are rapidly worsening neurologic
deficits.

Surgical methods are dependent upon greater
or lesser invasion of the vertebra. They can range
from simple vertebral plastic repairs to relieve
pain and prevent collapse, to posterior decom-
pression, curettage, or partial excision of the le-
sion, to total corpectomy and stabilization. All
surgical methods are dependent on physical sta-
tus, the prognosis, and the cost:benefit ratio for
the patient. Radiotherapy may also be indicated.
It is the oncologist’s duty to guide the team in the
various therapeutic strategies.

16.5.2 Intradural Extramedullary
Tumors

Meningiomas show peak incidence in subjects
aged between 40 years and 70 years with a pre-
dominance in females. Eighty-two percent of cas-
es have a thoracic location, 15% are in the cervi-
cal area, and 2% are in the lumbar region. In most
cases they are completely intradural with a lateral
location, but they can also have an intra-extradur-
al localization (5%). The initial symptoms are lo-
cal or radicular pain, followed by signs of nerve

compression with pyramidal syndrome, difficulty
in walking, paraplegia and quadriplegia, which
can lead to sensorimotor plegia and sensory
symptoms as well as sphincter disturbances.

Schwannomas are benign, slow-growing tumors.
They are localized mainly in the dorsal area. Ini-
tial symptoms are of a radicular type with local
pain, and they belatedly develop only neurologi-
cal deficits. Most of these lesions are completely
intradural. However, they can be extradural in
8-30% of cases, and intradural and extradural
hourglass-tumors in 6-20% of cases. Only 1% of
cases are intramedullary. The treatment of these
lesions is primarily surgical, with a posterior ap-
proach to intracanalar and intraforaminal lesions
and with an anterior or combined approach for
lesions with an extended extraforaminal compo-
nent. The roots from which the lesion originates
must be severed. This modest (but necessary) pro-
cedure is, in almost all cases, asymptomatic.

16.5.3 Intradural Intramedullary
Tumors

Intradural intramedullary tumors account for 5%
of all spinal tumors. They are mostly astrocytomas
and ependymomas. Thirty percent of intradural
intramedullary tumors are malignant gliomas,
dermoids, epidermoids, teratomas, hemangioblas-
tomas or lipomas. The most common presenting
symptom is pain (which can be local or radicular)
with recrudescence that is typically nocturnal, ac-
companied by paresthesia experienced as a burn-
ing sensation and dysesthesia. Other symptoms
include: motor disorders with weakness; atrophy;
fasciculations and muscle tics; sensory distur-
bances with loss of thermosensitivity to pain and
paresthesia; and sphincter disturbances (which are
most commonly urinary). The onset of symptoms
is usually insidious and progressive.

Astrocytomas have a peak of incidence around
the third-to-fifth decade of life. The ratio between
lesions of low degree and high degree is 3 to 1.
The localization is mainly in the chest, followed
by the neck. Thirty-eight percent of cases have
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a cystic component and the cerebrospinal fluid
may show an increase in protein levels. Surgery
is the first-line treatment.

Ependymomas are the most common type of
glioma of the distal spinal tract, with localiza-
tion predominantly at the level of the cone and
the filum. The second most common location is
cervical. Ependymomas are prevalent in adults.
They are slow-growing tumors that may have a
cystic component in 46% of cases and, in terms
of histology, they are most commonly myxo-
papillar (World Health Organization grade 1). In
most cases, they are encapsulated and poorly vas-
cularized lesions. The only treatment is surgical
treatment: complete resection.

Epidermoids are rare after infancy. They have
a slight predominance in females and are most
commonly located at the cone.

Lipomas occur together with spinal dysraphism.
The peak incidence is at around 2, 3 and 5 days
of life. The most common symptoms are unilat-
eral or bilateral ascending paraparesis, sphincter
disturbances in the more caudal lesions, and the
presence of a palpable subcutaneous mass. Surgi-
cal treatment is the only option.

All of the surgical procedures for the differ-
ent types of spinal tumors (particularly in the
case of intradural tumours) involve minimally
invasive approaches. Such approaches cause lit-
tle damage to muscle and allow reconstruction of
the bone cage (which is particularly important in
younger subjects). This is done to prevent future
problems such as severe scarring or deformity,
which can lead to overt instability. In this type of
surgery, the technique, the surgeon’s experience
and intraoperative neurophysiological monitor-
ing (which provides constant and continuous in-
formation to the operator during the procedure)
have key roles.

16.6 Spinal Vascular Malformations

There are three types of spinal vascular malfor-
mation: arteriovenous fistulas (AVFs), intradural

arteriovenous malformations (AVMs) and cav-
ernous angiomas.

Dural AVFs are the most common variant.
They are localized in the dura, in the proximal
portion of the spinal root, and the corresponding
dura. The anatomopathological basis is an ab-
normal connection between an artery and a dural
vein that leads blood to the arterialized coronal
venous plexus, which consequently becomes en-
larged and tortuous. These lesions begin in adult-
hood (commonly with pain) and result in symp-
toms of deficit (more or less rapidly progressive)
predominantly in the lower limbs. This condi-
tion requires prompt treatment. The damage is
always linked to food deprivation, which causes
ischemia of nervous tissue. The only treatment is
to close the fistula.

In most cases, good endovascular treatment
of occlusion of the malformation is sufficient to
solve the problem. Rehabilitation of the fistula
through other branches is possible after surgery
or endovascular treatment, with a success rate
that is slightly lower than that for surgical oc-
clusion. Some more complex AVFs may have
intradural and extradural drainage, the first in
the medullary vein and the second in an epidural
vein. In this type of lesion, the nidus of the fis-
tula must be removed together with the dura that
contains it, and the dural defect must be repaired
with the standard materials available for recon-
struction.

Intradural AVMs have a less predictable clini-
cal course. Treatment must thus be determined
on a case-by-case basis. Surgery is first-line treat-
ment.

Spinal AVMs can be divided into two groups: ju-
venile and glomus. They are characterized by the
intramedullar location of the nidus, most com-
monly in the ventral portion. The afferent vessel
is the anterior medullary artery. Symptomatol-
ogy is characterized by myelopathy caused by
repeated hemorrhage, venous hypertension, pro-
gressive ischemia with seizures, and compression
and distortion of the spine.

Juvenile-type AVMs consist of tortuous ves-
sels with interposed nervous tissue, from which
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they cannot be separated. They become sympto-
matic in childhood or in young adulthood, and
surgery carried considerable risks. Treatment is
therefore endovascular, but the results are incon-
sistent because excluding the nidus from the cir-
cle is not possible.

Glomus-type AVMs consist of small vessels
with a nidus located in a limited segment of the
bone. They commonly have a single afferent ves-
sel. Glomus-type AVMs become symptomatic in
adulthood. For posterior lesions and those that
are not too extensive, surgical removal is pos-
sible and is effectively curative. However, if the
lesions are posterior or too extensive, it is prefer-
able to adopt endovascular treatment due to the
high risk of postoperative neurological deficits
with repeated embolizations.

Spinal cavernous angiomas are basically no
different from those observed in the brain. They
become symptomatic as a result of micro-in-
tramedullary hemorrhage (isolated or repeated).
This results in intermittent and progressive my-
elopathy. In the presence of progressive myelopa-
thy, the only option is surgery.

Lesions that benefit from surgical treatment
can be tackled with surgical microscopes with
intravenous injection of indocyanine green. This
dye can provide optimal visualization of the di-
rection of flow and, therefore, clear identification
of the afferent and efferent vessels as well as of
the points of the fistula or anastomosis.

16.7 Summary

The concept of minimally invasive neurosurgery
as applied to spinal surgery must involve respect
for tissues and neurovascular structures and not
be considered surgery of small dimensions or that
has better cosmetic results as its primary goal.
Spinal surgery has received a major impetus from

technological advances such as neuro-navigation,
preoperative and intraoperative monitoring, in-
troduction of new hemostatic agents, and better
visualization provided by new types of surgical
operating microscopes. This allows the surgeon
to respect parenchymal structures, in addition to
intraoperative neurophysiological monitoring,
which can be integrated with preoperative tests
and examinations. The crucial phase of the pro-
cedure attempts to understand the physiology and
pathology of the spinal column. The biomechan-
ics of the spine and respect for the muscles, bones
and joints is of great importance, but to deliver
the best results, it is equally important to respect
neurovascular tissue.
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Vincenzo Ravo and Paolo Muto

17.1  Introduction

Bone metastases are a frequent and severe com-
plication of advanced neoplastic disease. After
the lungs and liver, bone is the most frequent site
of metastasis. Many advanced cancers, such as
lung cancer and prostate cancer in men as well
as breast cancer in women, have a strong tropism
for the bone. The pain related associated with
bone metastases is a major cause of morbidity in
cancer patients. Events related to bone metastasis
include impaired quality of life (QoL), bone frac-
tures, hypercalcemia, neurological deficits, and
movement limitation.

Bone is not an inert body because it undergoes
continuous remodeling with phases of resorption
and formation [1]. This process is coordinated
by osteoclasts (responsible for the resorption
phase) and osteoblasts (responsible for forma-
tion phase). If the bone has tumor involvement,
the normal process of bone turnover is compro-
mized [2]. Bone resorption and the regulation of
osteoclastic activity are under the influence of
the receptor activator of nuclear factor-kappa B
ligand (RANKL)/RANK/osteoprotegerin (OPG)
system. RANK-L belongs to the tumor necrosis
factor (TNF) superfamily. It is the key mediator
of the formation, survival and function of osteo-
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clasts. RANK-L is expressed as a membrane on
the surface of stromal cells/osteoblasts. It can
be expressed in a soluble form, binding to the
RANK receptor on osteoclasts, and stimulating
the activation and differentiation of osteoclasts as
well as inhibiting apoptosis [3]. OPG can bind to
RANK-L and inhibit its function, thereby leading
to inhibition of bone resorption [4]. An increase
in the RANKL/OPG ratio is associated with an
increase in bone resorption. This phenomenon is
implicated in the formation of bone metastases
and their maintenance [5].

17.2 Clinical and Imaging-based
Diagnoses of Bone Metastases

In most cases, subjects with bone metastases pre-
sent with local or radicular pain with or without
limitation in motor control, sensory impairment
and poor sphincter control [6, 7]. The pain devel-
ops over weeks or months, and becomes increas-
ingly severe. It is usually described as “dull” and
“constant”, and the intensity is progressive. It is
usually localized in a particular area, and often
occurs at night or with loadbearing.

The mechanism of pain from bone metastases
is incompletely understood. It can be caused by:
mechanical instability; irritation of the receptors
caused by stretching of the periosteum; osteoly-
sis; nerve injury induced by the tumor; produc-
tion of nerve growth factor; or the stimulation of
cytokine receptors [8—10].
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Fig.17.1 Contouring, treatment plan,

and dose-volume histogram to treat

tumor of vertebral body (D3). a Example
of contouring for a treatment with
radiotherapy of a metastasis of the vertebra
T3. b Example of the dose distribution in
the planned treatment of the same case. ¢
Dose-volume histogram of the irradiated
volumes in the same treatment
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Bone metastases are often described as “os-
teolytic” or “osteoblastic”. Cancers of the breast
and lung usually cause osteolytic-appearing le-
sions; cancers of the prostate and thyroid glands
more often cause an osteoblastic appearance.
However, only myeloma is associated with pur-

ely osteolytic lesions [11]. Most other tumors
have a combination of osteolytic and osteoblastic
components. Increased bone resorption occurs
even in prostate-cancer metastases with an osteo-
blastic appearance.

Bone metastases may be diagnosed by vari-
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Fig.17.2 Revaluation with a CT scan of the patient treated with the planned therapy showed in Fig. 17.1 after 6 months
from radiotherapy

ous methods: radiography, scintigraphy, com-
puted tomography (CT) and magnetic resonance
imaging (MRI). CT allows identification of the
type of metastases and is more sensitive than the
other methods. MRI is better than plain radiog-
raphy or bone scintigraphy for assessment of the
involvement of trabecular bone (“red marrow”),
especially in the vertebral bodies. However, MRI
may be more sensitive than bone scintigraphy in
the vertebral body region. The sensitivity of MRI
has been reported to be 91-100%, compared with
62-85% for bone scintigraphy [12—14]. MRI can
be used to distinguish whether a compression
fracture of the vertebral body is due to a tumor
or osteoporosis. Positron emission tomography
(PET) with 2-deoxy-2-[18F] fluoro-D-glucose
(18-FDG) can be used to evaluate areas of in-
creased metabolic activity. It shows osteolytic
bone metastases, but is less sensitive for osteo-
blastic metastases. Simultaneous use of CT with
PET allows identification of the exact location of
the abnormal uptake of lesions that is difficult to
achieve with PET alone. PET may be useful as
a whole-body screening tool [15, 16]. Compara-
tive studies have shown PET to be more sensi-
tive than technetium-99m (Tc-99m) scintigraphy
or whole-body MRI for the detection of bone
metastases. However, there may be limitations
in the sensitivity of PET in the skull, where the
intense physiological uptake from the adjacent

brain parenchyma may obscure small metastases
in the skull [17, 18].

Prediction of Survival in
Patients with Vertebral Bone
Metastases

17.3

After the lung and liver, the skeleton is the organ
most affected by metastases. Bone metastases
can give produce different degrees of disabil-
ity depending on their location. Bone metasta-
ses (especially those localized to the spine) are
more frequently observed in tumors of the lung,
prostate gland, breast, and hematopoietic organs.
The axial skeleton is the most common site of
bone metastasis, with metastasis most frequently
occurring in the spine, pelvis, and ribs. The lum-
bar spine is the single most frequent site of bone
metastasis [19, 20]. In the appendicular skel-
eton, the proximal femurs are the most common
site of metastatic disease, and humeral lesions
also occur frequently. The acral sites (feet and
hands) are rarely involved. Certain skeletal sites
are associated with specific areas of bone metas-
tases. For example, scapular metastases are seen
more frequently from primary tumors of the kid-
ney [21].

Involvement of the skull is more common
with breast primaries. The distal appendicular
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Table 17.1 Harrington Class Criteria
classification of metastases . ..
. 1 No significant neurologic involvement
to the spinal column
1T Involvement of bone without collapse or instability
I Major neurologic impairment (sensory or motor) without
significant involvement of bone
v Vertebral collapse with pain due to mechanical causes or instability
but without significant neurologic compromize
A\ Vertebral collapse with pain due to mechanical causes or instability

combined with major neurologic impairment

skeleton (tibia, fibula) and acral sites (especially
the hands) are more common with lung prima-
ries. Involvement of the toes is seen more com-
monly with genitourinary primaries.

Pain is the main symptom of bone metasta-
ses, but neurological symptoms can occur with
compression of the spinal cord or spinal nerves.
The therapeutic approach varies according to the
type of lesion, bone compression, and involve-
ment of the bone marrow or nerves. Estimation
of life expectancy is difficult and warrants a
multidisciplinary approach. In 1986, Harrington
proposed initial identification of bone metastases
during spine loading, from which treatment strat-
egies could be formulated (Table 17.1) [22].With
this classification, Harrington provided radiation
treatment in patients of classes I-III, whereas
primary surgical treatment was recommended
for patients of classes IV-V. A secondary surgi-
cal approach was planned for these patients, with
pain or neurological symptoms, which could not
be subjected to radiotherapy.

Various attempts have been made to establish
a valid method for predicting survival [23]. A
scheme was proposed by Tomita and Tokuhashi
to select the most suitable candidates for surgical
treatment [24]. Bartles et al. developed a model
to predict the survival of patients with vertebral
metastases. They evaluated parameters such as:
sex; the location of the primary tumor; the inten-
tion of curative treatment of the primary tumor;
the location of cervical spine metastases; and the
Karnofsky Performance Score (KPS) [25]. In
2001, Chow et al. published a review suggest-
ing that the KPS was a suitable predictor [26].
A scoring system was devised by van der Liden

et al. that was based on a large randomized trial
of radiotherapy for the treatment of pain from
bone metastases [27]. The KPS is considered
to be one of the strongest predictors of surviv-
al, along with the: type of primary tumor; pres-
ence of visceral metastases; presence of multiple
bone metastases; response to radiotherapy. The
Palliative Prognostic Score (PaP Score) can be
used to classify cancer patients. The PaP Score
is the result of different prognostic factors: the
KPS, clinical prediction of survival, anorexia,
dyspnea, total number of white blood cells, and
the percentage of lymphocytes. The PaP Score
can be used to identify three prognostic groups
so that the appropriate treatment schedule can be
applied, i.e., patients with:

* amedian survival of 64 days (which is an in-
dication to a single fraction of radiotherapy);

¢ limited metastatic disease and good life ex-
pectancy (standard or dictated hypofraction-
ated treatments allowing local control of the
disease in 2 weeks);

e apoor prognosis and with symptomatic local-
ized areas (monofractionated regimens with
rapid improvement in pain and a decrease
in the duration of treatment, thereby improv-
ing the QoL) [28].

17.4 Treatment

The management of metastatic bone pain must
involve a multidisciplinary approach. It includes
analgesia, radiotherapy, surgery, chemotherapy,
hormone treatment, radioisotopes and bisphos-
phonates.
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17.4.1 Radiotherapy

Radiotherapy is crucial in the treatment of meta-
static spinal disease. Radiotherapy is considered
to be standard treatment if there is pain, a risk of
pathologic fracture, or compression of the spinal
cord. It is effective symptomatic treatment of lo-
cal bone pain [29, 30]. A palliative effect is seen
within 4-6 weeks in approximately 80% of pa-
tients.

Radiotherapeutic techniques include con-
ventional external beam radiotherapy, intensity-
modulated radiation therapy (IMRT), stereotac-
tic radiosurgery and stereotactic radiotherapy.
The efficacy of radiotherapy in the treatment of
pain and neurological symptoms is dependent
upon the sensitivity of tumor cells to ionizing ra-
diation. Primary tumors that are very sensitive to
ionizing radiation include lymphomas, myeloma,
and seminomatous germ-cell tumors. Most solid
tumors such as breast cancer, prostate cancer and
lung cancer have intermediate radio-sensitivity.
Melanoma, osteosarcoma and renal cell carcino-
mas are usually radio-resistant [31].

The analgesic effect of radiotherapy on bone-
metastases pain is based on the cytocidal effect of
ionizing radiation on tumor cells. This can lead
to a reduction of mechanical compression and
the infiltration of bone tissue. Another important
mechanism is reduction of the production of the
cytokines that act on the receptors responsible
for pain. The precocity of palliation which is ob-
served in around 25% of patients (usually within
48 h of treatment) and which cannot be attributed
to the reduction of tumor mass probably involves
the action of ionizing radiation on osteoclasts
and on the system regulator RANK/RANK-L.
Hoskin et al. showed that the reduction of pain
after radiotherapy for bone metastases is associ-
ated with low concentrations of urinary pyridino-
line and deoxypyridinoline, which are markers of
bone resorption [32].

In recent years numerous studies have evalu-
ated the most appropriate regimen of fractiona-
tion in individual cases. Despite this, a consensus
for the choice of a particular fractionation regi-
men is lacking [33, 34]. The Radiation Therapy
Oncology Group (RTOG) 7402 trial showed that

the pattern “short-course” in a single fraction of 8
Gy is as effective as a hypofractionated regimen
for pain palliation [35]. The Dutch Bone Metas-
tasis Study was a randomized study of 1,171 pa-
tients with bone metastases treated with a single
fraction of 8 Gy or 24 Gy (4 Gy/fz) in six frac-
tions. The results showed no difference in pain
palliation, QoL or side effects between the two
regimens. The RTOG 9701 trial compared the
efficacy of a single fraction of 8§ Gy with a total
dose of 30 Gy (3Gy/fz) in 10 fractions. The only
difference noted was lower acute toxicity and
a higher percentage of reprocessing in patients
treated with a single fraction. A review in 2007
and two meta-analyses confirmed the equiva-
lence of a single fraction with multiple fractions
in pain management. With the single fraction, an
improvement of pain symptoms in 80% of cases
and a complete response in 30% of cases were
observed. Re-treatment was observed in 10% of
multiple-fraction treatments compared with 20%
of single-fraction treatments. These studies re-
vealed that there was no difference in efficacy in
pain palliation between single-fraction and mul-
tiple-fraction treatments. However, there would
be a difference in the radiobiological context
because only higher doses would activate bone
recalcification.

The American Society for Radiation Oncol-
ogy (ASTRO) convened a Task Force of experts
who developed a guideline (published in 2011)
regarding the use of palliative radiotherapy. They
confirmed that external-beam radiotherapy is the
mainstay of treatment for painful, uncomplicated
bone metastases, and that various fractionation
regimens can provide an equivalent response to
pain control (although longer treatment has the
advantage of a lower incidence of re-treatment
on the same site) [36]. Moreover, radiotherapy
techniques may allow conformal dose distri-
bution to reduce the toxicity in normal tissues
(Fig. 17.1). These methods (IMRT, stereotactic
radiosurgery, stereotactic radiotherapy) permit
the safe delivery of higher radiation doses. These
methods require a high standard of precision in
targeting the beam to the shape and exact loca-
tion of the tumor [37—41].

New methods have produced promising re-
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sults for some patients with spinal metastases
(Fig. 17.2). Nevertheless, external-beam radio-
therapy remains the “gold standard” treatment
for spinal metastases. The non-availability and
expense prohibit the widespread use of advanced
methods for these palliative indications.

17.4.2 Surgical Treatment and
Radiotherapy

Pathologic fractures and spinal-cord compression
require rapid treatment because they can lead to a
worse QoL. A multimodal approach between ra-
diologists, radiotherapists, medical oncologists,
surgeons, as well as specialists in pain medicine
and palliative care is required. Radiotherapy has
a central role because it is effective and is asso-
ciated with few side effects [42]. The treatment
goals are:

* maintenance of good QoL;

* prevention of skeletal events;

* improve mobility;

* improve survival (if possible).

Pathologic fractures in bone metastases oc-
cur spontaneously or after minor trauma due to
a reduction in bone integrity [43]. Such fractures
cause pain and disability. In many cases, they may
require a surgical approach, with stabilization
techniques and a radiotherapeutic approach [44].

In one study looking at the treatment of meta-
static spinal-cord compression, the role of radi-
otherapy was the removal or reduction of back
pain in 89% of patients [45]. Sixty-six percent of
patients with urinary dysfunction were shown to
respond to radiotherapy. The surgical approach
in spinal-cord compression provides circumfer-
ential decompression. This is carried out with
stabilization of the anterior wall with interposi-
tion of methyl methacrylate with or without sup-
port by a system applied with a posterior surgical
approach. Therefore, laminectomy is reserved for
a few rare cases. However, a posterior approach
does not exclude access to the vertebral bodies
and reconstruction of the anterior column.

Pathologic fractures can have a serious im-
pact not only on QoL but also on outcome. There
is no evidence of a significant difference between

single- and multiple-fraction radiotherapy in the

prevalence of pathological fractures in irradiated

regions. This is despite the fact that more fractures
occurred after single-fraction radiotherapy than
after multiple-fraction radiotherapy in a study by

Steenland et al. [46]. Recurrences of metastatic

spinal-cord compression in the irradiated region

(“in-field recurrences”) are more common after

single-fraction and short-course multiple-fraction

radiotherapy than after long-course radiotherapy

[47, 48]. Patients with a favorable prognosis may

live long enough to develop recurrences, so these

patients should receive long-course radiotherapy
and should be considered candidates for decom-
pressive surgery preceding radiotherapy or for
high-precision radiotherapy. Selected patients
treated with decompressive surgery followed by
long-course radiotherapy were shown to have

better post-treatment ambulatory status (84%

versus 57%, p <0.001) than patients treated with

radiotherapy alone [49].

The indications for surgery are:

e aradio-resistant tumor;

e progressive neurologic deficit before, during,
or after radiotherapy;

* bone fragments in the spinal canal;

* instability of the spine due to a pathologic
fracture causing intractable pain or a neuro-
logic deficit [50];

* neurologic deficit <24 h;

e acircumscript spinal lesion;

» life expectancy of 23 months.

Vertebroplasty involves the injection of poly-
methyl methacrylate (PMMA) into the involved
vertebral body under fluoroscopic guidance. Bone
reinforcement and stabilization of the anterior
column relieves pain and prevents pathological
fractures. PMMA could have anti-tumor activity
as a result of cytotoxicity, thermal effects, and
ischemia [51]. The indication for this procedure
is painful vertebral metastasis without neurologi-
cal compromise. Partial emptying of the vertebral
body and creating a cavity within the body can
prevent cement leakage. This can be done using
a laser or balloon [52]. The last method is called
“kyphoplasty”. Both methods can be completed
percutaneously or as an open procedure during a
standard posterior approach [53, 54].
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17.4.3 Bisphosphonates and
Radiotherapy

Bisphosphonates have an increasingly important
role in oncology, management of bone metasta-
ses, and the prevention of skeletal complications
[55, 56]. They reduce skeletal morbidity in breast
cancer, pain levels, consumption of analgesics,
and lead to an improvement in QoL [57]. In addi-
tion to inhibiting osteoclast function bisphospho-
nates also cause apoptosis. However, they seem
to have a direct effect on the type of apoptotic
tumor cells, as has been demonstrated by in-vitro
studies on tumor cells of the breast and prostate
gland as well as melanoma, osteosarcoma, and
myeloma [58-63]. Radiotherapy and bisphos-
phonates, therefore, through their effects on cel-
lular homeostasis, have a major role in the treat-
ment of bone metastases. The combination of
bisphosphonates and radiotherapy can improve
the effectiveness of the latter due to the radiosen-
sitizing action of bisphosphonates [64]. Several
mechanisms for the interaction of systemic treat-
ment with radiation have been described.

Additive and super-additive effects: Radio-
therapy and bisphosphonates have effects upon
cellular homeostasis (particularly osteoclast ac-
tivity) around the bone metastasis. Through their
common action on osteoclasts, a positive inter-
action within an area of bone metastasis may be
postulated which is dependent upon the relative
extent to which the two are effective. An additive
or even super-additive effect may also be seen,
with relief of acute pain through the biochemical
alteration of osteoclast activity consolidated by
additional killing of tumor cells from radiation.

Spatial cooperation: A local treatment such as
radiotherapy may deal with the primary site of
disease whereas systemic treatment can be added
to control microscopic or asymptomatic disease
in other areas.

Normal tissue tolerance: Radiotherapy and bis-
phosphonates used together do not have overlap-
ping toxicity and do not compromise tolerance
for either method. Only treatment of large areas

of the skeleton with radiotherapy in the setting of
widespread metastatic disease may cause signifi-
cant suppression of the bone marrow. Bisphos-
phonates have a selective effect upon the mecha-
nisms of bone mineralization and osteoclasts.
However, they have no effect upon bone-mar-
row function and are therefore a safe and predict-
able “systemic partner” in the management of
bone metastasis with radiotherapy [65].

Krempiem et al. investigated the possible
benefit of a combination of radiotherapy and bis-
phosphonates on recalcification and stabilization
of osteolytic bone metastases in animal tumor
models. They demonstrated that early addition
of the bisphosphonate clodronate and radiother-
apy significantly improved the density and bone
microstructure [66]. In a clinical trial of 33 pa-
tients with bone metastases from breast cancer,
Kouloulias et al. showed that a combination of
radiotherapy and treatment with bisphosphonates
induced clinical improvement after 6 months of
therapy compared with the control baseline in
terms of bone density, pain control, performance
status, biochemical markers of bone resorption,
and QoL. They also showed better clinical benefit
with respect to bone recalcification with a combi-
nation of radiotherapy and bisphosphonates com-
pared with that obtained by radiotherapy alone
[67]. Many patients receive bisphosphonates in
combination with radiotherapy, as documented
by a study by Rosen et al. [68] and a review by
Hoskin [69].

17.4.4 Morphine Immediate-Release
(MIR) and Radiotherapy

Chronic pain due to cancer represents a ma-
jor medical challenge [70]. Good compliance
with treatment is necessary if radiotherapy is
to be successful. Indeed, even if these patients
are treated with analgesics they do not always
achieve adequate control of pain. Positioning
during radiotherapeutic procedures often leads to
the exacerbation of pain. Different categories of
drugs are used for the treatment of chronic pain,
but opioids are pivotal in advanced treatment [70,
75]. Therefore, the radiotherapist must often care
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for patients who are undergoing analgesic thera-
py but who are suffering from intense pain when
they are positioned for radiotherapy. This pain
may often be so severe that the patient interrupts
the therapy session (or even the therapy cycle).

Recent experience has highlighted the role
of MIR. MIR appears to be the ideal agent for
the treatment of predictable pain due to its phar-
macological features [76, 77]. Prevention of pain
onset and resource optimization can be achieved
with an opioid with a short half-life that can be
administered readily via the oral route, such as
MIR. Radiotherapy combined with opioid medi-
cal therapy is effective treatment for the manage-
ment of metastatic bone pain. The identification
of the features of pain as well as knowledge of
how pain changes in terms of intensity and time
can improve pain management in cancer patients
and, therefore, the effectiveness of the treat-
ments delivered due to improved patient compli-
ance. Consequently, the radiotherapist also has
a crucial role with regard to the administration
of analgesic treatments by helping to achieve in-
creasingly personalized and effective therapeutic
management [78].
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18.1 Introduction

Vascular malformations of the spinal cord (arte-
rial and venous) represent a heterogeneous group
of vessel disorders that affect the tissue of the spi-
nal cord either directly or indirectly. This group
comprises spinal arteriovenous malformations
(AVMs), dural arteriovenous fistulas (DAVFs),
spinal hemangiomas, cavernous hemangiomas,
aneurysms and vascular tumors.

This chapter is focused on high-flow lesions of
the spinal cord such as arteriovenous malforma-
tions and arteriovenous fistulas (AVFs). Low-flow
vascular malformations without arteriovenous
shunts such as capillary telangiectasias and cav-
ernous hemangiomas are not considered. Other
lesions, such as highly vascularized tumors (e.g.,
hemangioblastomas, angiosarcomas, hemangio-
pericytomas, angiofibromas, angiolipomas, he-
mangioendotheliomas) are also not discussed.

18.2 Anatomy of the Spinal Cord

The spinal cord is constituted by neural tissue
(gray matter, neural pathways, glial cells) and
interwoven vasculature that supply the spinal pa-
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renchyma. The spinal cord does not extend the
entire length of the vertebral column: it extends
from the foramen magnum to the conus medul-
laris at the level of L1-L2 vertebrae. The spinal
cord continues with the cauda equina, and termi-
nates with a fibrous extension known as the filum
terminalis that anchors the spinal cord to the coc-
cyx. It is ovoid-shaped, around 45 cm in length
and has a varying width: it ranges from 15-mm
thick in the cervical and lumbar regions to 10-
mm thick in the thoracic area.

The spinal cord is protected by the spinal me-
ninges, which continue the three cranial layers.
The dura mater is the outermost layer. Between
the dura mater and the bone of the vertebrae is
the epidural space, which is filled with adipose
tissue and contains a network of blood vessels.
The arachnoid is the middle protective layer. The
interface between the dura mater and the arach-
noid is the subdural space. The subdural space
of the spinal cord was historically defined as a
potential cavity or a “virtual space” between
the dura and arachnoid. More recently, authors
have stopped identifying this space and instead
describe a compartment filled with neurothelial
cells termed the “dura—arachnoid interface”. The
space between the arachnoid and the underlying
pia mater is the subarachnoid space. The suba-
rachnoid space contains the cerebrospinal fluid
(CSF), the three longitudinal arteries that sup-
ply the spinal cord (anterior spinal artery and the
right and left posterior spinal arteries), and the
medullary veins.
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18.3 Vasculature of the Spinal Cord

The complex and extremely delicate vascular
system of the spinal cord must be understood to
fully appreciate the types of vascular malforma-
tions of the spinal cord. A detailed description of
the normal and malformed arterial supply and ve-
nous drainage should be provided in subjects by
using computed tomography (CT) and magnetic
resonance imaging (MRI) as well as catheter an-
giography.

Segmental arteries coming from the aorta
and their divisional branches support the spinal
radicular and medullary arteries that provide cir-
culation to the vertebral bodies, dural sleeves of
the nerve roots, and spinal cord.

The cervical segment and upper thoracic seg-
ment are fed by arteries coming from the verte-
bral arteries (posterior inferior cerebellar arteries,
anterolateral spinal arteries, segmental arteries)
and from the ascending and deep cervical arter-
ies. Below the cervical region, the blood supply
comes from the pair of intercostal and lumbar
radicular arteries that provide major anastomoses
and which run into the spinal cord alongside the
dorsal and ventral nerve roots. The largest of the
anterior radicular arteries is the artery of Adam-
kiewicz (also known as the “artery of the lumbar
enlargement’), which usually arises between L1
and L2, but which can arise anywhere from T8 to
L4. In 75% of the population, the artery of Ad-
amkiewicz originates on the left side of the aorta
between the T8 and L1 vertebral segments [1].

The anterior spinal artery (ASA) descends
in front of the medulla oblongata and along the
anterior medial fissure of the spinal cord (me-
dulla spinalis) to supply the anterior two-thirds
of the spinal cord. It is reinforced by a succes-
sion of radicular branches which enter the ver-
tebral canal through the intervertebral foramina
and which pierce the dura following the nerve
roots. During the embryonic period, 31 pairs of
segmental arteries at each level reach the ante-
rior spinal artery. The progressive spontaneous
regression of these branches during development
leaves 48 ventral arteries supplying the anterior
spinal artery [1, 2]. A dominant feeding branch in
the cervical region is commonly present (“artery

of the cervical enlargement”) as well as sparse
small feeders in the thoracic region. At the lum-
bar enlargement, as stated above, is the largest
supplying artery: the artery of Adamkiewicz. All
of these feeding arteries to the anterior spinal ar-
tery are termed the “radiculomedullary arteries”.

The right and left posterior spinal arteries to-
gether supply the posterior third of the cord. They
are classically shown as two paired vessels run-
ning along the back surface of the cord on each
side, but this depiction is not true. They should
be shown as a discontinuous longitudinal system
on the dorsal aspect of the spinal cord supplied
via radiculopial branches that run along the pial
surface to supply a posterior segment of the spi-
nal artery, which usually involves no more than
a few levels. Inferiorly, the anterior and posterior
systems are anastomized around the conus med-
ullaris in the arterial “basket”.

Thus, the blood supply to the spinal cord is
dependent upon two systems: (i) medullary per-
forating arteries from the anterior spinal artery
(sulcocommisural artery) supplying the anterior
and central portions and the gray matter, and (ii)
pial circumferential arteries (coronary arteries
or vasocorona) from the posterior spinal arteries
system supplying the periphery [2, 3].

At any cross-sectional level the two sulco-
commisural arteries supply the anterior two-
thirds of the spinal cord. Sulcocommisual pen-
etrating arteries have few anastomoses, and are
in effect end-arteries. The posterior pial network
has many feeders and extensive anastomoses.

The blood flow within the spinal cord has
two opposite directions [4]: a centrifugal system
(supplied by the central sulcocommisural artery)
and a centripetal system (supplied by the coro-
nary arteries), which supply distinct territories.
There is an intermediate zone which may be sup-
plied by either system.

18.3.1 Centrifugal System

The centrifugal system is also known as the “sul-
cocommisural system”. The ventral spinal axis
(anterior spinal artery) gives rise to 200-400 sul-
cocommissural arteries within the ventral sulcus
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of the spinal cord. These arteries penetrate the sul-
cus and enter the central gray matter, where they
give off branches radiating outward toward the
peripheral white matter. Each sulcocommissural
artery usually supplies one-half (right or left) of
the cord. The sulcocommissural system supplies
most of the gray matter and the ventral half of
the cord. Before entering cord tissue, each sulco-
commissural artery gives off cranial and caudal
anastomotic branches to other sulcocommissural
arteries. Craniocaudal anastomoses are also seen
within the substance of the cord. The sulcal ar-
teries have a completely horizontal course early
in human development. They assume an ascend-
ing course with growth due to disproportionate
elongation of the spinal column in relation to the
spinal cord.

18.3.2 Centripetal System

The centripetal system is also known as the
“dorsolateral pial supply” (from posterior spi-
nal arteries). This network covers the dorsal and
dorsolateral surface of the spinal cord, and has
two dominant craniocaudal channels known as
the “posterior spinal arteries”. At the craniocer-
vical junction, supply to this system comes di-
rectly from the transdural vertebral arteries (or
from the posterior inferior cerebellar arteries if
their origin is below the dura). Below this level,
arterial supply is granted by radiculopial arteries.
This system has a dorsal component and a lateral
component (located between the dorsal and ven-
tral nerve roots), which are interconnected. This
network gives rise to radial arteries (vasa coro-
na), which extend around the circumference of
the cord and have anastomoses to the ventral spi-
nal axis. The radial arteries give off perforating
branches to the spinal cord all along their course.
These short perforating branches extend axially,
into the white matter and into the gray matter of
the dorsal horns. The perforating arteries have
intramedullary anastomoses with branches of the
sulcocommissural arteries dorsolaterally, ven-
trolaterally, and ventrally. There are also short,
extramedullary longitudinal (craniocaudal) anas-
tomoses between the radial arteries. These anas-

tomoses are relatively small, however, and can-
not provide adequate craniocaudal supply in the
case of arterial occlusion. The dorsolateral pial
network must therefore be regarded primarily as
an axial system of the arterial supply.

The venous drainage of the spinal cord [3,
5, 6] is guaranteed through radially symmetric
intrinsic spinal cord veins and small superficial
pial veins that open into the superficial longitudi-
nal median spinal cord veins. These veins follow
more or less the arteries but have many anasto-
moses, including transmedullary anastomoses
that create a network with more than one anterior
and posterior vein. They follow the nerve roots
and reach the epidural plexus as well as the ex-
traspinal veins and plexus, with a reflux-impeding
mechanism within the dura mater. In the superior
cervical region, these veins can run through the
occipital foramen to connect the vertebral plexus
to the inferior dural sinuses. Blood drainage from
the spine occurs through the internal and external
venous vertebral plexus, which is connected to
the azygos and hemiazygos venous systems.

18.4 Clinical Features of Spinal
Lesions

Spinal arteriovenous lesions may be associated
with myelopathy (sensory and motor deficits,
bowel dysfunction, bladder dysfunction), radicu-
lar pain or radicular deficit, back pain [7] or de-
formities in the spinal column. Damage to the
spinal cord can occur via hemorrhage, venous
hypertension, arterial steal and mass effect.
Hemorrhage can occur in the parenchyma
and subarachnoid space of the spinal cord, lead-
ing to the acute onset or sudden worsening of
neurological deficits. The risk of hemorrhage is
greater in spinal cord AVMs than in other types
of lesions. Less prevalent is bleeding due to large
and giant AVFs in the spinal cord as well as cer-
vical or intracranial DAVFs with perimedullary
venous drainage. Small AVFs in the spinal cord
as well as thoracic and lumbar DAVFs are less
likely to bleed [8, 9]. Spinal artery and intranidal
aneurysms are associated with a higher risk of
hemorrhage. Venous hypertension is typically
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associated with arteriovenous lesions with per-
imedullary venous drainage. This phenomenon
is associated with spinal DAVF, but can be seen
with any lesion that has perimedullary venous
drainage (e.g., pial AVFs of the spinal cord or in-
tracranial dural AVFs).

High-flow arteriovenous shunts may lead to
the steal of arterial blood from adjacent normal
spinal cord tissue [10]. Lesions in the dorsal as-
pect of the spinal cord fed by the ASA are also
prone to arterial steal because of the low efficacy
of collateral supply to normal cord tissue. Mass
effect is a rare mechanism in myelopathy. Large
aneurysms and large dilated varices (such as the
ones seen with giant AVFs in the spinal cord)
may compress the spinal cord or nerve roots,
leading to myelopathy, radicular pain, radicular
deficit and back pain.

18.5 Epidemiology and

Classification of Spinal Lesions

The ability to examine the angioarchitecture of

these lesions provided by the evolution of selec-

tive angiography and MRI has led to accurate
classification systems based on topographic and
anatomic criteria. However, there remains an ele-
ment of subjective judgment, and some lesions
will defy classification.

The Bicetre group [11, 12] classified spinal
cord AVMs into three main groups:

» genetic hereditary lesions that are caused by
a genetic disorder affecting vascular germinal
cells, such as malformations associated with
hereditary hemorrhagic telangiectasia;

e genetic non-hereditary lesions such as the
Cobb syndrome (or spinal arteriovenous
metameric syndrome), Klippel-Trenaunay
and Parkes—Weber syndromes. These patients
typically present with multiple shunts of the
spinal cord and nerve root, bone, paraspinal,
subcutaneous and skin tissue;

» single lesions that may reflect the incomplete
expression of one of the situations mentioned
above. These include spinal cord, nerve root,
and filum terminale arteriovenous lesions.
Most of the spinal vascular malformations

with pial and dural arteriovenous shunts are

included in this group.

Patsalides et al. [13] described a classification
based on vascular anatomy and hemodynamic
criteria as well as an overview on the anatomy
and the pathophysiology of each spinal arterio-
venous shunt. This classification was proposed
with particular reference to the indications, con-
traindications, and techniques of endovascular
treatment to achieve a safe, effective, multidis-
ciplinary and tailored approach for each lesion.
Two distinct categories were proposed.

The first category was an AVM with a nidus
between the artery and vein. This could be classi-
fied into: (i) intramedullary (also known as type-
II or glomus-type AVM); (ii) pial; (iii) epidural;
or (iv) intramedullary and extramedullary (also
known as type-III, intradural-extradural, juvenile
AVM, or metameric AVM).

The second category was AVF with a direct
shunt between the artery and vein. This could be
classified into: (i) pial AVF (also known as type-
IV, spinal cord AVF, ventral intradural AVF, or pe-
rimedullary AVF), which could be subdivided into
small, large or giant; (ii) dural AVF (also known
as type-I or dorsal intradural AVF); and (iii) epi-
dural AVF (also known as extradural AVF).

Despite advancements in imaging modali-
ties and continuous efforts for systematization of
these lesions, the classification created between
1991 and 1998 by cooperation between authors
[15, 16, 17] is the most widely used.

18.5.1 Type I: DAVFs

DAVFs are the most common type of spinal cord
AVMs, comprising 70% of all spinal AVMs.
These lesions show a male predominance (80%)
and, in general, present in late adulthood (age,
40-60 years) [18]. In cerebral dural fistulas, a
strong association with thrombosis in the cere-
bral vein [19] as well as levels of factor V Leiden
and protein C has been demonstrated [20, 21].
These conditions or other causes such as infec-
tion [22] or trauma have been proposed as fac-
tors, but none of these seem to play a major part
[23, 24, 25].
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Fig. 18.1 Dural arteriovenous fistula (type I) with multiple feeders. The fistula is fed by left T6 (a) T7 (b) and T8 (c)
thoracic radiculomedullary arteries. The main arteriovenous shunt is in T7 (black arrow) and is supported by adjacent
levels. An additional small feeding vessel (white arrow) penetrates the dura at the T6 level and contributes to the venous
outflow. T2 sagittal MRI (d) shows congestive myelopathy with spinal cord edema from T4 to the conus medullaris

18.5.1.1 Presentation

The typical presentation is radiculomyelopathy
followed by progressive neurological deteriora-
tion. Subarachnoid hemorrhage is very uncom-
mon, and acute deterioration in neurological
function is unlikely. Most fistulas are solitary le-
sions and are found in the thoraco-lumbar region.
Additional small feeding vessels from adjacent
levels may also penetrate the dura and contribute
to venous outflow (Fig. 18.1). In 2% of patients,
double spinal DAVFs or an association of a spi-
nal dural shunt with a spinal pial arteriovenous
shunt may be present. The fistula is located inside
the dura, where a radiculomeningeal artery enters
the corresponding radicular vein, close to the spi-
nal nerve root.

18.5.1.2 Clinical Course
The progressive clinical course is due to in-

creased pressure in the spinal venous system that
leads to venous congestion and consequent de-
creased drainage of normal spinal veins. The in-
creased venous pressure yields chronic ischemia
in the spinal cord, cell loss, and atrophy of the
spinal cord. The impaired autoregulation yields
direct transmission of changes in systemic arte-
rial pressure to the spinal cord without the nor-
mal dampening effect of the venous plexus. Apart
from the increased pressure caused by the shunt,
in patients with AV fistulas, venous outflow may
be less efficient to start with than is the case in
healthy individuals [26, 27].

There are some differences in anatomic dis-
tribution of spinal venous outflow that justify the
clinical presentation and clinical course. In gen-
eral, the lower thoracic region has relatively few-
er venous outflow channels at a segmental level
than the cervical or lumbosacral regions [28].
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These differences in segmental outflow are prob-
ably responsible for venous congestion being
transmitted in a caudo—cranial direction through-
out the spinal cord, and for the first symptoms of
myelopathy tending to reflect dysfunction of the
lowest part of the cord (i.e., the conus medullaris)
even though the shunt is at the thoracic level (or
in some cases near the skull base) [29].

18.5.1.3 Diagnosis

The essential diagnostic tools are MRI and
selective catheter angiography. On MRI, the
combination of cord edema, perimedullary ar-
terialized dilated veins, and cord enhancement
is characteristic. Magnetic resonance angiogra-
phy (undertaken with more advanced 1.5-T and
3-T machines) may also give an indication of
the level of the DAVF, which helps to confine
the extent and duration of catheter angiography.
Some authors have described the effectiveness of
multidetector CT to identify the site of the fistula
[30, 31, 32, 33].

Catheter angiography remains the “gold
standard” in the diagnosis of DAVFs. The ex-
amination should be undertaken via femoral
access using a 5-F catheter carefully studying
bilaterally not only the intercostal and lumbar
arteries, but also the median sacral artery as well
as the hypogastric and lateral sacral arteries. In
the upper part, the deep cervical and ascending
cervical arteries should be injected selectively.
If a dural arteriovenous shunt is not found, then
intracranial vessels should be studied selective-
ly, including vertebral arteries, internal carotid
arteries (meningohypophyseal trunk) and ex-
ternal carotid branches, such as the ascending
pharyngeal artery, middle meningeal artery and
occipital artery (Fig. 18.2). An essential part of
the examination is to identify the artery of Ad-
amkiewicz. If needed, because of clinical status
or excessive administration of the contrast me-
dium, selective angiography should be divided
into different sessions. If the fistula is not de-
tected, the examination should be repeated few
weeks later.

18.5.1.4 Treatment
The angio-architecture of the fistula should be

investigated carefully to establish whether the
arterial feeder is a dural branch or a segmental
medullary artery. In the latter case, the feeder
contributes to the vasculature of the spinal cord
(anterior and posterolateral spinal arteries). This
condition excludes endovascular treatment be-
cause damage to the spinal cord is likely to occur.
In rare cases, the high flow of the fistula could
hide a segmental medullary branch, even when
injected selectively.

The treatment goals are (i) identification and
isolation of the feeder and (ii) obliteration of
the fistula with interruption of the arteriovenous
shunting at the dural sleeve of the nerve. This
normalizes venous pressure and corrects venous
hypertension.

Two therapeutic options are available: (i) em-
bolization of the feeding artery with injection of
glue or other liquid embolic agents positioning
the microcatheter very distally close to fistula
and (ii) direct surgical ligation through laminec-
tomy and opening of the dura with direct expo-
sure of the fistula. Resection or embolization of
arterialized veins should be avoided. Emboliza-
tion in well chosen cases is a safe and effective
therapy for DAVFs. Direct surgical exposure is
preferred if glue migration in the draining veins
can be predicted or if the feeder is a segmental
medullary artery.

18.5.2 Type ll:Intramedullary
Glomus AVMs

Intramedullary glomus AVMs are “true” in-
tramedullary AVMs of the spinal cord. They
are distributed along the entire spinal cord axis,
and may be located inside the parenchyma (in-
tramedullary AVMs), at the surface of the spinal
cord (pial AVMs), in the epidural space (epidural
AVMs), or may have a more complex anatomy
with intramedullary and extramedullary compo-
nents without tissue boundaries. AVMs located
in the conus medullaris represent a distinct type,
and can extend to the cauda equina and along the
filum terminale.

The glomus type is the most commonly en-
countered intramedullary vascular malformation,
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Fig. 18.2 Atypical dural arteriovenous fistulas. These cases highlight the importance of complete angiographic evalua-
tion that should be done from the cranium to the sacrum. a—d: A 73-year-old patient. Dural arteriovenous fistula (type
I) supported by tiny arteries arising from the left hypogastric artery. The feeder pierces the dura at the S2 level and
communicates with the sacral epidural veins (white arrow). The spinal venous drainage (black arrow) runs along the
cauda and reaches the conus medullaris at the L1 level. MRI shows congestive myelopathy of the conus medulalris
with perimedullary dilated veins. e-h: A 42-year-old patient with progressive neurological impairment. Selective an-
giography shows a type-V Cognard intracranial dural arteriovenous fistula fed by the meningohypophyseal trunk of
the left internal carotid artery (black arrow). The fistula drains into the petrous and spinal perimedullary veins (black
arrowheads). There are no feeders from the external carotid and vertebral branches or from the radiculomedullary arter-
ies. MRI shows congestive myelopathy of the upper thoracic segment (from C7 to T6) with perimedullary dilated veins

representing 20% of all spinal vascular malfor-
mations. These lesions are characterized by a
compact intramedullary nidus that occupies a
short segment of the spinal cord, with multiple
feeding vessels arising from the anterior or pos-
terior spinal arteries (or both) and drainage into

an arterialized coronal venous plexus [10, 34].
Analogous to brain AVMs, they represent a fo-
cal network of arteriovenous shunts that drain
into the spinal veins (Fig. 18.3). Associated an-
eurysms of the feeding arteries and the nidus are
common [35].
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Fig. 18.3 Glomus-type spinal cord AVM (type II). Intramedullary arteriovenous malformation of the spinal cord at the
T9 level (a). The AVM is fed by posterolateral spinal arteries from T10 (b) and T11 (c) levels and by the anterior spinal
artery from the left T8 radiculo-medullary artery (d). The patient complained of progressive neurological deficit with
painful paraplegia (as well as sensory and sphincter disorders). The AVM is superficial in the right aspect of the cord
and drains downwards in the epidural plexus

18.5.2.1 Presentation and Clinical Course
Intramedullary AVMs show an equal distribution
between men and women and, in general, present
at an early age. The clinical course of these le-
sions is marked by progressive and fluctuating
myelopathy, paraplegia and pain, overlaid by pe-
riods of acute neurological deterioration second-
ary to hemorrhage within the AVM. Sudden-onset
presentation (often with profound neurological
impairment and possible transverse myelopathy)
is common. Subarachnoid and intramedullary
hemorrhage often occurs in these lesions. The
mortality related to type-II malformations has
been reported to be 17.6%. After initial hemor-
rhage, the prevalence of re-bleed is 10% within
the first month and 40% within the first year.

18.5.2.2 Diagnosis
Despite advances in CT and MRI, selective an-

giography remains the gold standard. Through
femoral access, all feeders must be selectively
catheterized (using a 5-F catheter) and evaluated.
Undertaking the examination with the patient
under general anesthesia improves the quality of
the study. In this condition, the patient remains
comfortable during a potentially long study and
apnea can be carried out to reduce motion arte-
facts. In patients complaining of pain and sensi-
motor disturbances, selective injection could be
even more painful.

18.5.2.3 Treatment
There is a general consensus among physicians/
surgeons dealing with spinal lesions regard-
ing the need to treat intramedullary AVMs or to
modify the natural history and decrease the risk
of future hemorrhage.

The prognosis for untreated spinal cord
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Fig. 18.4 Glomus-type spinal cord AVM (type 1I). (a) Anteroposterior and lateral view of a C1-C2 intramedullary dif-
fuse arteriovenous malformation fed by segmental branches of the right and left vertebral arteries. (b, ¢) Super-selective
angiography of a right segmental feeder and NBCA-selective injection. (d) T2 sagittal MRI undertaken the following
day shows diffuse myelopathy that recovered at 6-months. The patient showed good recovery with residual neurologi-
cal deficits

AVMs is poor, with 36% of patients younger than
40 years of age developing severe impairment af-
ter 3 years of evolution [36, 37, 38].

Therapeutic options are available: emboliza-
tion, surgery, or both. Surgical obliteration can be
associated with a high intraoperative risk of neu-
rological injury (especially for lesions in the an-
terior cord). Posterior superficial location makes
a lesion more amenable to safe surgical resection
[39]. In selected cases, resection of the residual
nidus after embolization can be considered.

Embolization plays an important part in the
management of intramedullary AVMs as pri-
mary treatment or as an adjunct to surgery. Even
partial embolization can improve the prognosis.
Endovascular treatment can be undertaken using
particulate material or liquid embolic agents (Fig.
18.4). As primary treatment, through reduction in

arterial steal and improved perfusion in the spinal
cord, immediate clinical improvement has been
noted in >50% of patients after embolization.
Recanalization, however, occurs over time, with
the continued risk of hemorrhage. Liquid agents
such as n-butyl-cyanoacrylate (NBCA) glue and
Onyx can achieve a permanent occlusion with a
very low prevalence of recanalization [10, 40] but
carry the concurrent risk of inadvertent emboli-
zation of normal perforating arteries that may not
be visible on angiography. Hence, a liquid agent
should be used when feasible, especially if embo-
lization is the primary or sole treatment. In addi-
tion, treatment of selected intramedullary AVMs
with the CyberKnife Robotic Radiosurgery Sys-
tem™ has been reported [41].

Conus medullaris AVMs are a particular cat-
egory of type-II malformations characterized
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Fig. 18.5 a-d Juvenile diffuse-type AVM (type III). Large and complex high-flow AVM of the conus medullaris fed
by posterolateral spinal arteries and by the anterior spinal artery. An associated aneurysm of the anterior spinal artery

is present

by the simultaneous presence of an anterior and
dorsal intradural arteriovenous shunt with multi-
ple feeders and an intramedullary AVM. The as-
sociation with a tethered cord has been reported.
Presentation is usually with myelopathy, radicu-
lar symptoms and early bowel/bladder deficits.
Their extensive nature and multiple arterial feed-
ers make them difficult to treat by embolization
alone. Initial embolization followed by resection
might be the optimal treatment.

18.5.3 Type lll: Juvenile AVMs
(Diffuse-type AVMs)

Juvenile spinal AVMs are extremely rare. These
lesions are true AVMs with an intramedullary
nidus that may occupy the entire spinal canal at
the involved level. Cord tissue is present within

the AVM interspaces. They are extensive lesions
with abnormal vessels that can be intramedul-
lary and extramedullary in location. Extension
of extraspinal paraspinous structures is possible.
Juvenile AVMs are large and complex lesions,
with multiple arterial feeding arteries often aris-
ing from different cord levels [10, 13]. Associ-
ated aneurysms of the feeding arteries and within
the nidus are common (Fig. 18.5). With regard to
hemodynamics, they are very high-flow lesions.
Cardiac output requirements may be significantly
increased and a bruit is commonly noted. They
occur most commonly in childhood and young
adults with various clinical scenarios.

18.5.3.1 Presentation

Presentation is similar to that seen with type-
II AVMs. Acute onset of symptoms can occur
secondary to subarachnoid hemorrhage (SAH),
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whereas progressive motor and sensory deterio-
ration as well as sphincter disturbance usually re-
sult from vascular steal, venous hypertension, or
mass effect on the spinal cord and/or nerve roots
from the dilated veins. SAH usually occurs from
venous rupture or aneurysm rupture. Hemato-
myelia has also been observed after rupture of
subpial spinal veins. The mass effect caused by
dilated veins on the cord or nerve roots explains
the sometimes asymmetric nature of deficits.

18.5.3.2 Diagnosis

Selective spinal angiography reveals scattered
vessels in the spinal cord matter, direct AVM
feeders passing from the ventral or dorsal spinal
arteries (and sometimes from the radiculopial ar-
teries). The AVM is drained by dilated perimed-
ullary veins. Intramedullary AVMs are typically
limited by the spinal cord or the conglomeration
of vessels spread on the surface of the spinal cord.

18.5.3.3 Treatment

Considering their size and vascular complexity,
the natural history and prognosis after any type
of treatment for these lesions should be consid-
ered very poor. A multidisciplinary approach is
tailored on the extension, location and angio-
architectural features of these lesions. Surgery
and embolization may be used alone or in com-
bination. Achieving complete cure in these types
of AVMs is extremely difficult and probably
associated with increased morbidity. Palliative
treatment could be considered, and targeted en-
dovascular or surgical approaches could be done
to relieve symptoms that may be caused by a he-
matoma, arterial steal, venous hypertension, or
direct mass effect.

18.5.4 Type IV: Perimedullary AVFs

These lesions are not true AVMs but AVFs. The
fistulous connection is intradural but extramedul-
lary, located on the ventral or dorsal surface of
the spinal cord (Fig. 18.6). They result from a
direct communication between one or more feed-
ing arteries arising from the anterior spinal artery
and an enlarged draining vein without an inter-

posed vascular network. Presentation occurs in
the third-to-sixth decade [10]. SAH is possible,
with subsequent acute neurological deterioration.
A gradual but progressive neurological deterio-
ration is common. Three subcategories of intra-
dural spinal AVFs have been recognized.

Type-IVa AVFs feature a single feeding artery
(often the artery of Adamkiewicz) with low flow
through the arteriovenous shunt and moderate ve-
nous enlargement. Endovascular techniques are
difficult due to the small size of feeding vessels.
Surgical excision is therefore often preferred.

Type-IVb AVFs are intermediate in size, often
with multiple feeding arteries, and more marked
venous enlargement. Venous ectasia may develop
at the shunting site. Embolization in these lesions
is possible due to the increased size of feeding
arteries. In cases of incomplete obliteration of the
shunt, direct surgical excision may be needed.

Type-IVc AVFs are the largest one of these
types of fistulas. They are multipediculated, with
high blood flow, and enlarged, tortuous draining
veins. Spinal ischemia may develop in these le-
sions secondary to vascular steal. Surgery is tech-
nically difficult due to the size of these lesions.
Treatment is through a combination of endovas-
cular reduction followed by surgical excision of
residual elements.

18.5.5 Other Types: Spinal Aneurysms

Spinal aneurysms not related to a vascular mal-
formation are extremely rare. They seldom occur
at branching points, instead they develop along
the course of an artery [47]. Spinal aneurysms
lack a clear neck and usually appear as fusiform
dilations. The fusiform nature of these lesions
makes clipping difficult and favors sacrifice of
the parent artery. Endovascular techniques can
also be considered.

18.5.6 New Classifications

Vascular malformations represent rare and insuf-
ficiently studied pathological entities character-
ized by considerable variability. As mentioned
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Fig. 18.6 Perimedullary arteriovenous fistula (type IV). 64-year-old patient with paresthesia in the right arm and upper
trunk with a C6 type-IVb arteriovenous fistula. The arteriovenous fistula is fed by the left anterior radiculomedullary
artery arising from the deep cervical artery. There is direct communication between the C6 main feeder and ventral
enlarged venous pouch. An aneurysm is seen in the course of the radiculomedullary artery (white arrowhead). The
fistula receives a low-flow feeder from the anterior spinal artery. There is marked venous enlargement with ascending
drainage in the perimedullary veins.

a T2 sagittal MRI shows venous dilatations that compress and displace the cervical spinal cord with anterior myelopa-
thy. b Axial CT images and left C6 selective angiography show a hypertrophic left ventral radiculomedullary artery at
the C6 level (white arrow). An aneurysm (black arrow) is seen just before the entrance of the ventral radiculomedullary
artery in the hypertrophic venous drainage (c). d Right vertebral selective angiography shows the anterior spinal artery
supported by upper-level segmental arteries (black arrowhead). Very low-flow communication between the anterior
spinal artery and the aneurysm (white arrowhead) is shown. e Sagittal T2 MRI obtained 1 week after endovascular

occlusion shows disappearance of the venous enlargements with persistent edema of the anterior aspect of the cord

above, advancement in MRI and CT technol-
ogy, improved definition of angiography and a
more dedicated super-selective catheterization
armamentarium have extended our knowledge
significantly and led to new classification sys-
tems based on hemodynamic, topographic and
anatomical criteria. Until now, a detailed and
widely accepted systematization of spinal vascu-
lar malformations has not been proposed. Such a
scheme should facilitate treatment planning and
different tactics for endovascular and surgical
interventions [44, 48]. Treatment options should

be differentiated with regard to the localization,
angio-architectural type and hemodynamic pecu-
liarities of malformations: this would allow opti-
mization of the results of treatment.

Different authors have tried to find a clear
systematization of spinal vascular lesions. Spet-
zler et al. [48, 49] and Zozulya et al. [44] offered
new classifications of spinal vascular pathologi-
cal entities (Tables 18.1 and 18.2) based on ana-
tomical, pathophysiological or angio-architectur-
al features. Patsalides et al. [10] offered a clas-
sification based on hemodynamic criteria.
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A new classification system has been pro-
posed recently by Geibprasert et al. [50] for dural
AVFs (cranial and spinal). This classification sys-
tem describes not only the topographies, arterial
feeders and drainage patterns, but also considers
the different parts played by each epidural area
involved, as revealed during the development
and embryology of the venous system. They re-
defined AVFs in three groups on the basis of the
embryologic development of the venous drainage
of the surrounding structures: the ventral, dorsal,
and lateral epidural groups.

The ventral epidural group consists of shunts
into those veins that normally drain structures
developed from the notochord (i.e., the vertebral
body at the spinal level). These veins are known
as the “basivertebral venous plexus”, which sub-
sequently drain into the anterior internal verte-
bral venous plexus, located at the ventral epi-
dural space of the spinal canal, which joins the
basilar venous plexus and cavernous sinus cra-
nially. The previously called “epidural,” “osteo-
dural,” or “paravertebral” arteriovenous shunts
can be categorized into this group. Because the
draining veins of these shunts do not drain the
spine but instead the bone, these shunts will not
become symptomatic due to venous congestion
of the cord. They may become symptomatic due
to compression of the spinal cord or of the nerve
roots by the enlarged epidural venous pouches.
Only a few case reports have described the as-
sociated perimedullary reflux causing conges-
tive myelopathy. A hypothesis about a possible
defective valve-like mechanism impeding ret-
rograde flow from the epidural plexus to per-
imedullary veins has been put forward to explain
this finding. However, it could also be argued
that the reflux is due to an extensive thrombosis
of the normal epidural outlets that leads to sec-
ondary retrograde drainage into the perimedul-
lary veins [8].

The dorsal epidural group of arteriovenous
shunts is related to veins that normally drain the
spinous process and lamina at the spinal level.
Although they are related to the major dural ve-
nous sinuses (superior sagittal sinus as well as
torcular and transverse sinuses) at the cranial
level, the corresponding veins at the spinal lev-

Table 18.1 Classification of vascular lesions in the spinal
cord proposed by Spetzler et al. in 2002 based on anatom-
ical and pathophysiological features. Authors identified
three primary or broad categories: neoplasms, aneurysms,
and arteriovenous lesions. Arteriovenous lesions are fur-
ther subdivided based on their neuroanatomy [49]

Mechanism
Neoplastic vascular lesions
hemangioblastoma
cavernous malformation
Spinal aneurysms
Arteriovenous fistulas
extradural
intradural

ventral (A, small shunt; B, medium shunt; C,
large shunt)

dorsal (A, single feeder; B, multiple feeders)
Arteriovenous malformations

extradural—intradural

intradural

intramedullary

compact

diffuse

conus medullaris

el are poorly developed and comprise a pair of
longitudinal channels (i.e., the posterior internal
venous plexus). Patients with dural arteriovenous
shunts within this space typically present with
spontaneous epidural hematomas. These shunts
are extremely rare.

The most common “classic” types of spinal
DAVFs are lateral epidural DAVFs. These arte-
riovenous shunts develop in the lateral epidural
space at the junction of the bridging (or radicu-
lar) veins that connects the spinal cord drainage
to the epidural venous system. Outflow obstruc-
tion of its adjacent venous outlet due to thrombo-
sis or fibrosis related to aging leads to immediate
drainage into the perimedullary veins. As a re-
sult, subjects present with aggressive symptoms
and at an older age. A strong male predomi-
nance is also observed, which is similar to that
observed in the cranially located lateral epidural
DAVFs, such as in the foramen magnum (medul-
la bridging vein) and tentorial (petrosal bridging
vein) locations [8].
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Table 18.2 Classification of vascular malformations in the spinal cord proposed by Zozulya et al in 2006 based on
anatomical characteristics as well as angio-architectural and hemodynamic features. Reproduced with permission

from [44]
Axial

I. Intramedullary 1.
. Thoracic
. Conus

II. Intradural 1.
or Perimedullary 2.
. Conus

III. Dural 1.
. Thoracic
. Lumbar

IV. Epidural 1.
. Thoracic
. Lumbar

V. Intravertebral 1.
. Thoracic
. Lumbar

VI. Combined 1.
. Thoracic
. Lumbar

Ant, anterior; AVF, arteriovenous fistula; AVM, arteriovenous malformation;

Lengthwise

Cervical

medullaris

Cervical
Thoracic

medullaris

Cervical

Cervical

Cervical

Cervical

Feeding Vessels

(9%}

—

DO

1
2
3
4.
1
2

. Ant. spinal art.

. Post. spinal art.

. Radiculopial art.
Combined

. Ant. spinal art.

. Ant. radiculomed.
art.

. Post. spinal art.

. Ant. radiculomed.
art.

. Combined

. Radiculo-
meningeal artery

. VAs

. Spinal branch of
segmental arteries

. Post-central
branches

. Pre-laminar
branches

. Combined

. Ventrolateral
branches of
segmental arteries

. Post-central
branches

. Pre-laminar
branches

. Combined
4.1 One side
4.2 Both sides

. Mainly from
spinal branches

. Mainly from
radiculo-
medullary
arteries

Structural
Features

1. Glomus or
compact
2. Diffuse

1. Glomus AVM
2. AVF

1. Microglomus
AVM
2. AVF

—

. Glomus AVM
2. AVF

1. Glomus AVM
limited
by vertebra

2. Glomus
AVM w/
paravertebral
spreading

1. Mainly
intradural
glomus AVM

2. Mainly
intradural
glomus AVM

med. art., radiculomedullary artery; radiculopial art, radiculopial artery.

Drainage

1. Perimedullary veins

1. Ant. perimedullary
veins

2. Post. perimedullary
veins

—

. Retrograde into ant.
perimedullary veins
2. Retrograde into
post. perimedullary
veins
3. Anterograde into
epidural veins

. Epidural veins
. Paravertebral veins

Do =

—

. Epidural veins
2. Paravertebral veins
3. Combined

1. Mainly
perimedullary veins

2. Mainly epidural
veins

3. Mainly paravertebral

veins
4. Combined

Hemodynamic
Features

A. Low flow
B. Mod. flow
C. high flow

. Low flow
. Mod. flow
. High flow

QW >

A. Low flow

. Low flow
. Mod. flow
. High flow

QW >

. Low flow
. Mod. flow
. High flow

Qw >

A. Low flow
B. Mod. flow
C. High flow

mod, moderate; post, posterior; radiculo-



18 Classification and Treatment of Vascular Malformations of the Spinal Cord

245

18.6 Therapeutic Options

The decision to undertake treatment on any indi-
vidual with an AVM requires careful considera-
tion of possible benefits versus risks. The natu-
ral history of an individual AVM is difficult to
predict. However, left untreated, they can cause
significant damage and hemorrhage, which may
result in severe neurological deficits or death.
Conversely, embolization, surgery or radiosur-
gery on any part of the central nervous system
(and particularly in the spinal cord) carry risks.
There is no easy “formula” that can allow physi-
cians and patients to reach a decision on optimal
therapy. all therapeutic decisions must be made
on a case-by-case basis (especially for AVMs in
the spinal cord).

All treatment options exist for AVMs and
AVFs: microsurgery, endovascular embolization,
and radiosurgery. The choice of treatment is de-
pendent largely on the symptoms, location and
angio-architectural features (size, arterial supply,
venous drainage) of the malformation [51].

In type-I AVFs, symptoms increase over an
extended period of months-to-years, and include
progressive weakness of the legs and concurrent
difficulties in the bowel or bladder. In these pa-
tients, surgical or endovascular treatment is es-
sential, and it is imperative to occlude the shunt
as soon as possible to interrupt and revert damage
to the spinal cord [52]. In 2008, Narvid et al. [53]
described a 20-year experience with surgical and
endovascular approaches. Thirty-nine patients
underwent an initial endovascular emboliza-
tion, and 69% required only the first procedure
for complete obliteration compared with 83%
of the 24 patients that were treated successfully
with a single surgical procedure. The ability to
treat spinal AVFs definitively using endovascu-
lar embolization has significantly improved over
the last years. Overall rates of definitive emboli-
zation have ranged between 25% and 100% and
are dependent upon the embolic agent used and
partially on the use of variable-stiffness micro-
catheters. Most of the recent studies in which
N-butyl cyanoacrylate or other liquid embolic
agents were used have reported success rates of
70-90%. Surgery remains the definitive option in

cases of failed embolization and recanalization or
in lesions not amenable to embolization. Clinical
outcomes have been comparable with surgical
treatment if the fistula and draining vein remain
persistently occluded. Improvements in gait and
motor function are more likely after successful
treatment, whereas urinary disorders are less
likely to improve.

In subjects with intradural AVMSs/AVFs (types
2 and 4), an important consideration before in-
tervention is preoperative neurological status.
Typically, these patients present acutely after in-
traparenchymal hemorrhage or SAH. Rarely, pa-
tients present because of vascular steal or chronic
myelopathy, in which oxygenated arterial blood
shunted through the AVM causes the surround-
ing normal parenchyma to become hypoperfused
or high-flow fistulas cause venous engorgement.
Lastly, patients with intradural lesions can pre-
sent with the mass effect caused by the growth of
feeders and draining veins of the AVM. Enlarge-
ment of the vascular malformation compresses
the surrounding neural tissue, impairing neuro-
logical function. Treatment planning is based on
the hemodynamics of the lesion, on its location
in the axial and longitudinal plane, and on the
angio-architecture.

Embolization is the first-line treatment for
many arteriovenous anomalies. However, surgery
continues to have a key role, and a multidiscipli-
nary approach is essential. Maximum functional
results can be obtained in patients treated early
before advanced deterioration. In patients with
severe neurological impairment, partial results
can be obtained. Particular consideration is nec-
essary in hemorrhagic patients. In 2004, Rodesch
et al. [12] described their experience with 155
patients with high-flow spinal cord arteriovenous
shunts. Although bleeding can have severe conse-
quences, the short-term prognosis after the hem-
orrhage seems less serious than initially thought.
In their series, improvement was seen in >70% of
patients, and therefore emergency treatment (sur-
gical or endovascular) should not be considered
as primary management. Early acute rebleedings
were mostly due to re-rupture of an associated
false aneurysm. In such cases, early target embo-
lization should be considered [54].
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Embolization plays an important part in the
management of dural and intramedullary spinal
AVMs as primary treatment or as an adjunct to
surgery. A few basic considerations should al-
ways be taken into account. The migration of
embolic agents distally with occlusion of the ve-
nous drainage of a large arteriovenous shunt car-
ries increased risks. In an AVM, this might lead
to increased pressure in the nidus and subsequent
hemorrhage whereas, in an AVF, this may lead
to increased venous engorgement due to occlu-
sion of the normal drainage of the spinal cord. A
too-proximal occlusion of a feeding artery to an
arteriovenous shunt is usually ineffective because
other arterial anastomoses may subsequently be
recruited to supply the shunt. This may also lead
to increased arterial steal because blood will now
be diverted to the shunt. Simultaneously, the abil-
ity to access the shunt for further embolization
is diminished or definitely compromised. Occlu-
sion of high-flow feeding arteries of a lesion with
arterial steal leads to diminution of the arterial
steal and to the possible appearance of normal
spinal arteries which are not opacified in the pre-
embolization angiogram. This event should be
considered to avoid or limit inadvertent emboli-
zation of normal territories.

Microcatheters allow selective catheteriza-
tion of tiny arteries feeding the AVM/AVF. As
a rule, coils are not used in these lesions. They
can achieve only proximal embolization, which
may lead to the development of collateral flow to
the shunts. The use of particles has the advantage
of stepwise embolization and the ability to fol-
low the results via clinical and angiographic
means during the procedure, but has the serious
disadvantage of recanalization. Treatment with
particle embolization requires annual angio-
graphic control and additional embolizations
[10, 56]. Liquid agents have the advantage of
achieving more permanent occlusion with a very
low rate of recanalization. In general, a liquid
agent (e.g., NBCA or Onyx) should be used if
embolization is the primary or sole treatment [ 10,
40]. The liquid agent should be delivered within
(or as close as possible to) the shunt to better
control the injection and to ensure complete oc-
clusion.
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19.1 Introduction
Minimally invasive percutaneous vertebral ce-
mentoplasty (PVC) is an interventional neurora-
diological procedure. It comprises percutaneous
injection of bone cement (usually polymethyl
methacrylate (PMMA)) [1-8] in a weakened ver-
tebral body under imaging guidance (computed
tomography (CT) or digital subtraction angiog-
raphy (DSA)). PVC provides mechanical rein-
forcement and stabilization with or without plas-
tic restoration of the height of the vertebral body,
thereby reducing or eliminating pain. There is
appreciable scientific consensus (supported by a
consensus document published in 2007 [9] that
PVCis a successful, safe and effective minimally
invasive procedure in selected patients with pain-
ful vertebral compressive fractures (VCFs) or mi-
crofractures [5—29]. Several case series and retro-
spective studies have shown statistically signifi-
cant pain relief and improvement of mobility and
function with a consistently high success rate.
Galibert and Deramond were the first to carry
out PVC in 1984; it was for treatment of an ag-
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Naples, Italy
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gressive cervical vertebral body hemangioma
[1-2]. In 1991, Debussche-Depriester reported
a series of cases with substantial pain relief in
osteoporotic VCFs [3]. Since then, as PVC has
grown in popularity worldwide, the importance
of restoring vertebral-body height (VBH) and
minimizing the associated kyphotic deformity
with intrasomatic expandable devices has been
recognized. Research has led to several technical
improvements.

Restoration of VBH can be achieved with ce-
ment injection or by using intrasomatic expand-
able devices while creating a cavity to be filled
with bone cement [31-38]. Both methods have
been shown to produce substantial immediate
and long-term pain relief and early-improved
mobilization with a major positive effect on
quality of life (QoL) all with acceptable levels
of safety. They are not mutually exclusive pro-
cedures, and one may be preferable to the other
depending on medical history, etiology of the
painful VCFs, age at fracture, vertebral level, and
degree of kyphotic deformity. The outcome data
for PVC with expandable intrasomatic devices
are not as extensive as for PVC without expand-
able devices. The potential cost-effective benefits
and advantages of both procedures are controver-
sial [31-38]. The best long-term outcome of PVC
in appropriately selected patients is reliant on the
procedure being carried out by physicians experi-
enced in percutaneous interventions with optimal
neuroradiological evaluation under the best fluor-
oscopy guidance available.

249

DOI 10.1007/978-88-470-2790-9_19, © Springer-Verlag Italia 2013



250

P.Nunnes et al.

19.2 Patient Selection

The major indications for PVC are painful VCFs
or microfractures secondary to osteoporosis,
trauma, primary bone tumors (e.g., Ssymptomatic
hemangioma), secondary bone tumors or hema-
tologic malignancies (e.g., multiple myeloma and
lymphoma).

PVC should be proposed in porotic cases to
patients with subacute or chronic back pain re-
fractory to a long period (usually 4-8 weeks) of
conservative medical therapy. There is no optimal
waiting time between onset and the procedure.
Most patients would benefit most immediately
after the symptomatic fracture, thereby prevent-
ing height loss and enabling a prompt return to
function with minimal short-term complications.

19.3 Clinical Evaluation and General
Pre-procedure Considerations

Written informed written consent must be ob-
tained before PVC with a description and dis-
cussion of the procedure, expected outcome,
and possible complications. Recent hematologic
screening with coagulation tests, platelet counts
and white blood counts are necessary before the
procedure. Osteomyelitis or systemic infections
are absolute contraindications for PVC.

Upon physical examination, the anatomical
location of the VCF considered for treatment
should be consistent with the location of pain.
Percussion of the spine usually elicits pain within
1-2 vertebral levels contiguous to the weakened
vertebral body. Patients may also complain of re-
ferred pain (e.g., referred hip pain due to a lower
lumbar fracture) and that should not be consid-
ered a contraindication.

The etiology of the disease underlying the
painful VCFs (e.g., osteoporosis, trauma, tumor-
al or hematologic malignancies) must be docu-
mented because the fracture characteristics are
different, as is the disposition to complications.
The degree of kyphotic deformity as determined
by imaging should also be documented.

Various standardized questionnaires are avail-
able to report patient evaluation, procedure, out-

Acute or subacute spinal pain

|

Standard radiography

|

MRI (T2 STIR)
Spongious edema Normal Metastasis

! !

Hemangioma
traumatic fracture (CT) NM/CT

| |

PVC no PVC PVC

Fig. 19.1 Diagnostic flow-chart for percutaneous vertebral
cementoplasty. CT computed tomography, MRI magnetic
resonance imaging, NM nuclear medicine, PVC percuta-
neous vertebral cementoplasty, STIR short-term inversion
recovery

come and complications. Such questionnaires
provide standard reporting and archiving of in-
terventional procedures. The visual analog scale
(VAS) is a well-established method of document-
ing pain levels [39—-44]. The VAS should be used
before and after the procedure. The Oswestry
Disability Index (ODI) [40] and Roland Morris
Disability Questionnaire [39] are well-estab-
lished condition-specific outcome measures in
the management of low back pain. Short Form-
36 (SF36) comprises 36 questions with an eight-
scale profile of scores as well as summary meas-
ures of physical and mental health [45—46].

19.4 Diagnostic Imaging

Neuroradiological evaluation of painful VFCs
with or without kyphotic deformity includes con-
ventional radiographs, magnetic resonance imag-
ing (MRI), CT, or bone scintigraphy (Fig. 19.1).
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MRI is the “gold standard” imaging for pa-
tient selection. MRI has high sensitivity and
specificity for bone-marrow edema (BME) of
the affected vertebral body. BME is defined as
increased signal intensity on T2 short-term in-
version recovery (STIR) sequence and decreased
signal intensity on T1-weighted images. BME is
presumably the result of microfractures within
the medullar bone and the resultant hemorrhage.
After 1-3 months, most osteoporotic VCFs
become isointense to normal bone on all se-
quences, which is considered a sign of fracture
healing [66]. Decrease in pain intensity after
PVC is more frequently observed if BME is fully
present [66]. Bone scintigraphy may help in the
selection of symptomatic vertebrae amenable to
PVC, especially in patients with contraindica-
tions to MRI. In such patients, CT evaluation is
also important.

19.5 PVCProcedure

19.5.1 Image Guidance

PVC should be carried out under guidance by CT
or high-quality fluoroscopy (preferably in DSA
units) with real-time control of cement injection.
The patient is placed in the prone position for
lumbar and thoracic levels and in the supine posi-
tion for the cervical segment.

19.5.2 Sedation

PVC is apainful procedure. The sedation required
is usually dependent upon the overall health and
comorbidity of the patient. Most patients can tol-
erate the procedure under conscious sedation and
local anesthesia. However, patients undergoing
PVC of the cervical vertebrae, or those with mul-
tilevel vertebral disease or poor cardiopulmonary
status may require general anesthesia. Antibiotics
can be administered intravenously on the day of
the procedure to prevent infection according to
local protocols.

19.5.3 Needles

A wide spectrum of trocar-cannula systems with
multiple shapes, diameters and lengths is avail-
able. The choice of needle size may be influenced
by the planned approach to the vertebral body.
The size of the needle may also affect extravasa-
tion along the needle tract (as well as the com-
plications associated with needle placement).
A beveled or diamond-shaped tip needle with
smaller gauge (10-15 G) is usually preferred.
Mono- or bipedicular introductory routes can be
used by transpedicular, parapedicular, anterolat-
eral (e.g., in the cervical region) and transoral
(C2 vertebral body) approaches.

19.5.4 Cement

PMMA is the most commonly used cement.
Many PMMA compositions and other cements
are available for PVC. Each type is reliant on its
own physical, chemical, and mechanical prop-
erties, as well as its viscosity. These properties
affect mainly the distribution and handling of ce-
ment, which are adjustable at each disease pro-
cess and for each operator. However, PMMA is
not biodegradable and cannot induce the forma-
tion of new bone. It becomes a permanent implant
that may interfere with the natural remodeling
process of bone. Some recently developed bone
cements containing calcium phosphate, calcium
sulfate hydroxyapatite, as well as composite res-
ins have shown promise not only in terms of bone
growth but have also revealed improved physical
and biomechanical (osteoconductive and osteoin-
ductive) properties.

The “ideal” cement characteristics should be
matched as closely as possible to the biomechan-
ical properties of the bone according to resist-
ance as well as axial and torsion stress capacity,
with long working time and good opacification.
The mechanism for pain relief is based upon me-
chanical stabilization of vertebral body fractures
or microfractures via direct structural reinforce-
ment. Cement polymerization is accompanied by
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a transient exothermic reaction that may induce
tumor necrosis and thermal neurolysis to small
peripheral sensory nerve endings.

The amount of cement to be injected has not
been established. There is general consensus that
there is no clinical advantage in overfilling the
vertebral body. Cement diffusion over the frac-
ture and the vertebral body without vascular or
extra-body leaks is necessary to provide fracture
stabilization with pain relief [47-50].

19.5.5 Osteoporotic Compression
Fractures

Osteoporotic VCFs represent a common cause
of severe back pain among the elderly. It is esti-
mated that <50% of post-menopausal Caucasians
will experience an osteoporosis-related fracture
in their lifetime [11, 51]. Other subgroups with
a significant incidence of fractures include pa-
tients receiving long-term corticosteroid therapy,
patients with chronic kidney disease, or who are
immobilized for a long time. Chronic pain in
these individuals typically lasts from 2 weeks to
3 months with secondary physical debilitation,
increased susceptibility of short-term complica-
tions (e.g., lung atelectasis with a predilection for
pneumonia, cardiac failure, deep-vein thrombo-
sis and pulmonary embolism) associated with an
overall higher incidence of mortality [9].

In a recent randomized, controlled clinical
trial, PVC was shown to be more effective than
continued conservative medical therapy (CMT),
with superior pain relief, and prompt return of
mobility and function to normal activities [30,
31]. CMT is neither benign nor risk-free and, in
some cases, may lead to adverse outcomes relat-
ed to low mobility, immobilization with bed rest,
and narcotic anesthesia (particularly in older pa-
tients) [9]. In a similarly designed study, patients
who received PVC with intrasomatic expandable
devices experienced superior improvements in
QoL versus CMT at one-year follow-up [32].
PVC should be undertaken according to patient
status as soon as possible to avoid exacerbation
of the kyphotic deformity due to progression of
collapse of the vertebral body.

19.5.6 Vertebral Hemangioma

Vertebral hemangiomas are benign lesions typi-
cally confined to the vertebral body. They are a
common incidental and asymptomatic finding
upon imaging. Symptomatic destructive verte-
bral hemangiomas are rare [52, 53]. The presen-
tation of a painful hemangioma differs between
patients. It can include referred pain to progres-
sive neurological deficits related to a fracture,
mass effect with compression of the thecal sac
or compromise in the neural foraminal space.
PVC is the gold-standard therapeutic option for
symptomatic hemangiomas without neurologic
deficits [1, 54-56]. The best long-term results
are achieved if there is complete cement filling of
the angiomatous venous network and mechanical
stabilization. A decompressive laminectomy can
be done afterwards if needed [56].

19.5.7 Metastatic Fractures and
Hematologic Malignancies

Metastatic vertebral disease is the most common
tumoral disorder of the spine. Patients usually
have severe pain secondary to osseous involve-
ment with or without vertebral collapse, mim-
icking osteoporotic fractures. Therefore, biopsy
should always be undertaken in cases of unknown
primary tumor, multiple primary neoplasms, or
if there is doubt of a secondary localization of
the known primary neoplasm. Multidisciplinary
discussion is necessary for careful evaluation of
the benefits and risks before therapeutic or pal-
liative approaches. Adjunctive PVC can be done
in association with radiotherapy or chemothera-
py- Some European Oncology Centers advocate
PVC as the first-line treatment of painful VCFs
related to spinal metastases due to breast cancer
before radiotherapy based on an apparent “car-
cinolytic” effect associated with the exothermal
polymerization reaction of PMMA cement.

PVC is a good indication for osteolytic neo-
plastic vertebral lesions (e.g., metastasis, multi-
ple myeloma, lymphoma), including consider-
able destruction of the posterior vertebral wall
[15, 16]. Some studies have shown that PVC can
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be used for pure osteoblastic or mixed spinal me-
tastases with satisfactory analgesic efficacy. In
these lesions, the cement fills first the Iytic zones
in the heterogeneous vertebra, including the mi-
crofractures that are present in the periphery and
sometimes inside pure osteoblastic lesions [45].

Radiofrequency ablation is an adjunctive
therapeutic option for selected patients with tu-
mors extending beyond the vertebral wall (infil-
trating the surrounding soft tissues and foramina
or compressing the spinal cord) without neuro-
logic deficits [S7-61]. In these cases, the goal is
first to destroy the tumor and secondly provide
mechanical reinforcement stabilization with ce-
ment injection.

Patients with multiple myeloma are at high
risk for VCFs due to osteoporosis, which results
simultaneously from the molecular pathophysiol-
ogy of the disease and frequent use of associated
corticosteroid therapy. Most myeloma patients
have diffuse and focal bone involvement due to
direct invasion by myeloma cells. Specifically,
PVC appears to offer rapid and long-lasting treat-
ment of pain in multilevel osteolytic vertebral le-
sions due to multiple myeloma.

19.5.8 Traumatic Fractures

The use of cementoplasty in patients with trau-
matic vertebral fractures is complicated by the
complexity of the injuries and the multifaceted
demographics of the patient population. PVC
indication must be evaluated carefully and dis-
cussed in a multidisciplinary team depending
on clinical status, type of fracture, and comor-
bidities. Recent traumatic lesions are technically
challenging to treat because of the higher risk
of cement leakage through compressive or burst
fractures and potential vertebral dislodgement.
According to the Magerl classification, PVC
should not be used in patients with type-B or
type-C fractures. Patients with acute VCFs (Ma-
gerl type A1) in the earliest onset of the traumatic
event could be proposed for vertebral cemento-
plasty with intrasomatic expandable devices fol-
lowed by cement injection [52, 53]. The goal is
to restore VBH while creating a cavity in which

the cement remains without excessive leakage. In
these cases a bilateral approach and preferably
high-viscosity cement is recommended. Alterna-
tively, this procedure can be done simultaneously
with posterior surgical fixation, reducing the need
for second anterior stabilization surgery [52, 53].

19.6 Complications

The prevalence of complications of PVC with or
without expandable devices is 1-10% [9]. Some
studies report a higher risk of complications in
patients with malignant disease (including mye-
loma and osteolytic metastasis). The major cause
is related to leakage of cement (PMMA) beyond
the confines of the collapsed vertebral body,
through areas of cortical destruction, needle
tracks, paravertebral venous complexes, or into
the epidural space [9, 47, 48]. Cement leakage is
usually asymptomatic without short or long-term
consequences and does not require therapy. Other
rare complications include: fracture of the pedi-
cle; epidural abscess; paravertebral hematoma;
symptomatic pulmonary embolism; cerebrospi-
nal fluid (CSF) leak; increased pain; paraplegia;
and death [9, 47, 48]. Symptomatic complica-
tions are most likely to occur during or imme-
diately after treatment. An increased risk of ver-
tebral fracture at an adjacent level is contentious
[62]. There are presumed differences in leakage
rates between PVC with or without expandable
intrasomatic devices. There is less leakage in
the latter and it is attributed to the cavity crea-
tion approach. This is believed to help contain
the cement within the vertebral body by sealing
osseous defects and venous pathways [63]. Other
authors, however, have demonstrated that cement
viscosity and injection volume are the critical
factors for controlling cement leakage [64].

19.7 Follow-up

Patients must be followed up after PVC at 21-2
years. Methodical reporting of patient evaluation,
outcome and complications in standardized ques-
tionnaires is available. This provides standard



254

P.Nunnes et al.

data and enables archiving of minimally invasive
PVC procedures. The standardized data and ex-
perience accumulated over the years are impor-
tant to improve the quality and relevance of the
research reporting of PVC.

Medical treatment in the years after PVC in-
cludes the addition of vitamin D and calcium in
the diet and using bisphosphonates or new drugs
such as parathormone derivatives. The continu-
ous development of new materials and tech-
niques may extend and improve indications and
outcomes while maintaining a low prevalence of
complications.

19.8 Conclusions

PVC is a safe and useful technique in the treat-
ment of spinal pain. Cement injection can be
extended also to extravertebral locations in se-
lected patients. The correct diagnostic clinical
and neuroradiological approach is essential to
understand which patients will benefit from treat-
ment. Radiological guidance with high-quality
fluoroscopy or CT is strongly recommended to
avoid complications. Cooperation with endocri-
nologists, physical therapists, pain therapists, on-
cologists and neurosurgeons is required to obtain
the best results.
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