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21.1

Introduction to Normal
Imaging Findings

General Features

The normal lumbar spine consists of five ver-
tebral bodies which constitute some kind of
lordosis [1] and which are, in normal cases,
perfectly aligned by three major ligaments:
— Anterior longitudinal ligament

— Posterior longitudinal ligament

— Ligamentum flavum

The lumbar vertebrae enclose the spinal canal,
which contains the thecal sac (enclosed by the
dura mater) with the spinal cord, conus medul-
laris, cauda equina and cerebrospinal fluid.
The thecal sac is surrounded by epidural fat
and a venous plexus. In cross-section, the spi-
nal canal is circular in the upper lumbar spine
segments and triangular in the lower part of
the lumbar spine [2].

Intervertebral nerve roots leave the spinal canal
through the intervertebral foramina, which are
lined by the vertebral body and intervertebral disk
(anteriorly), the facet joints (posteriorly) and the
superior and inferior pedicles (craniocaudally).
The intervertebral disk is a very important
component of the lumbar spine and will be
further discussed below.

Imaging Features
With the exception of plain X-ray films, cross-
sectional CT (computed tomography) or MRI
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Fig.21.1 Normal X-ray of the lumbar spine, AP (a) and
lateral (b) projection. Structures that can be seen on the
AP projection are the spinous processes (a), intervertebral
disk space (b), transverse processes (c¢) and pedicles (d).
The lateral projection clearly illustrates the anterior and

(magnetic resonance imaging) examinations of
the lumbar spine, as they are showed in this
chapter, are performed with the patient supine,
i.e. non-weight-bearing position.

There are different imaging modalities which can
be used for evaluating the lumbar spine:

» Conventional X-ray is a readily available tech-
nique occasionally used in the initial evalua-
tion of the lumbar spine. However, only
skeletal elements such as the vertebral bodies
(with the intervertebral space), facet joints and
pedicles (with intervertebral foramina) can be
appreciated. X-rays may be helpful:

— In the evaluation of acute low back pain in
cancer patients (or highly suspected).
— In scoliosis evaluation.

posterior vertebral line (dotted white lines) representing
the normal alignation of the lumbar spine. The interverte-
bral disk space (e), intervertebral foramina (f), pedicles
(g) and spinous processes () are also visualized

— On dynamic films when evaluating instability.

— And finally for the evaluation of the spinal
contour and measurement of the sagittal
balance. When evaluating the full spine, the
EOS (EOS Imaging Inc., Cambridge, MA,
USA) system offers better image quality, no
distortion of the vertebral bodies and sig-
nificant less radiation exposure to the
patient as compared to classical X-rays.

Different X-ray projections can be used while

imaging the lumbar spine:

— AP (anteroposterior) projection: structures
that can be seen are the vertebral bodies,
transverse processes, spinous processes,
pedicles and intervertebral disk spaces
(Fig. 21.1). This is a proper projection for
the evaluation of certain pathologies such
as scoliosis.
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Fig. 21.2 Normal X-ray of the lumbar spine, oblique pro-
jection. The so-called scotty dog has been demarcated in
black. The neck represents the pars interarticularis. The nose
and the eye of the dog represent the transverse process and
the pedicle, respectively. The front leg represents the inferior
articular process and the ear represents the superior articular
process. The advantage of this projection is that the facet
joints can be seen more easily (arrow)

— Lateral projection: structures that can be
seen are the vertebral bodies, spinous pro-
cesses, pedicles, intervertebral foramina
and intervertebral disk spaces (Fig. 21.1).
The alignment of the lateral lumbar spine is
given by two imaginary lines, the anterior
and posterior vertebral line. As in the cervi-
cal spine, disruption of these lines may
indicate fracture, dislocation or severe
degenerative changes.

— Oblique projections: the most characteristic
feature in these projections is the so-called
“scotty dog” appearance (Fig. 21.2). The
neck of this dog is the easiest feature to rec-
ognize, representing the pars interarticu-
laris. The nose and the eye of this dog rep-
resent the transverse process and the
pedicle, respectively. The front leg repre-
sents the inferior articular process, and the
ear represents the superior articular process.
The ear and the leg of the dog illustrate the
normal facet joints.

¢ The intervertebral disks, the content of the spi-
nal canal and the exiting nerve roots cannot be
visualized on standard radiographs due to the
insufficient contrast resolution for these struc-
tures. MRI and CT provide a greater soft tis-
sue resolution and allow discrimination of
these elements (Figs. 21.3 and 21.4).

21.2 The Intervertebral Disk
21.2.1 Normal Disk

The intervertebral disk allows and supports com-
plex body movements. These functions require a
unique structure:

* The intervertebral disk consists of an inner
nucleus pulposus and an outer annulus
fibrosus.

e The gelatinous nucleus pulposus consists of
water, proteoglycans and collagen, whereas the
annulus fibrosus is composed of 15-25 concen-
tric, strong collagen layers (see also Chap. 3).

¢ Due to the normal ageing process, a part of the
matrix of the nucleus pulposus undergoes
fibrous transformation forming the so-called
intranuclear cleft.

Imaging Features

* A normal intervertebral disk does not extend
beyond the margins of adjacent vertebral plates.

* The normal intervertebral disk presents a high
signal on T2-weighted images (T2-WI) and a
low to intermediate signal on T1-weighted
images (T1-WI) compared to the adjacent
vertebrae.
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Fig. 21.3 CT scan of the normal lumbar spine. CT scan
of a 26-year-old male demonstrating a normal lumbar
spine, displayed from L3-S3. Axial images (a—c) display
a normal appearance of the spinal canal (circle), facet

e Because of high water content, the nucleus
pulposus appears “bright” on T2-WI in contrast
to the “dark” outer layers of the annulus fibro-
sus, which consist of fibrous tissue (Fig. 21.5).

* The intranuclear cleft appears as a “dark” hor-
izontal line on T2-WI, which transverses the
bright nucleus pulposus (Fig. 21.5) indicating
the normal maturation (and degeneration) of
the intervertebral disk.

21.2.2 Degenerative Disk Disease

As mentioned in the chapter dealing with the
imaging of the cervical spine, degenerative disk
disease can be subdivided in two different
entities:

K. Carpentier et al.

joints (arrows), intervertebral disks (asterisks) and inter-
vertebral nerve roots (arrowheads). A reformatted sagittal
image (d) shows normal alignment of the anterior and the
posterior vertebral line

* Intervertebral osteochondrosis: involving the
nucleus pulposus and the vertebral body end
plates

* Spondylosis deformans: involving the annulus
fibrosus and adjacent ring apophysis

Intervertebral osteochondrosis represents a
pathologic deterioration of the disk, while
spondylosis deformans reflects the normal ageing
process of the lumbar spine (Fig. 21.6).

Black Disk and Loss of Disk
Height

21.2.2.1

Definition

The term “black disk”™ is a purely descriptive term
and refers to a diminished signal intensity in the
nucleus pulposus on T2-weighted images [3].
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Fig. 21.4 MRI of the normal lumbar spine. MRI of a
young female with sagittal T1 weighted image (a) and T2
weighted image (b). Note the normal alignment of the ante-
rior and posterior vertebral line (white dotted lines in a).

General Features

e The loss in T2 signal intensity is believed to
be due to a loss of glycosaminoglycans and, in
consequence, a loss of water content [4].

* A “black disk” differs from a normal one not
only in morphology but also in biochemistry and
biomechanics. That explains why this appear-
ance on MRI (Fig. 21.7) is often interpreted as a
sign of “‘early disk degeneration”.

* Anatomic sections of such disks showed accu-
mulation of fibrous tissue in the nucleus
pulposus and loss of border between annulus
fibrosus and nucleus pulposus [5].

e Loss of water content is followed by
loss of disk height. A dehydrated nucleus
pulposus cannot swell to decreased negative
charges, which has an important impact on

Intervertebral disks display a hypo- to isointense signal on
T1 weighted image and a more hyperintense signal on T2
weighted image (representing the fluid within the nucleus
pulposus)

the biomechanics of the intervertebral
“joint”. This eventually leads to further
degeneration [6, 7].

21.2.2.2 High-Intensity Zone

Definition

* Also known as annular fissure and/or annular
defect.

e It is better to avoid the formerly used term
“annular tear”, because this terminology tends
to infer a previous trauma.

General Features and Pathophysiology

e The annular fissure results from a decrease in
proteoglycan and water content of the nucleus
pulposus which causes the nucleus pulposus
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Fig. 21.5 MRI of a normal lumbar intervertebral disk. On
T1 weighted imaging (a) normal disks have a low to inter-
mediate signal intensity compared to the adjacent vertebral
bodies. On T2 weighted images in the sagittal (b) and axial
(c) plane, the intervertebral disks demonstrate a “bright”
nucleus pulposus (arrowheads) surrounded by a “dark”

to parch. The normal onion-like appearance of
the nucleus pulposus starts to unravel which
results in clefts and cracks. These clefts extend
into the annulus fibrosus.

* A high-intensity zone, as seen on T2 WI, has
been proposed to be a critical factor in disk

annulus fibrosus (arrows). Note the normal concavity of the
disk (curved line) (c). On the sagittal T2 weighted image
(b), a hypointense horizontal line is seen in the disk (open
arrowheads), representing the so-called intranuclear cleft, a
normal imaging finding in the adult spine

degeneration [8]. It appears during the early
stages of disk degeneration and can often be
seen without the presence of other morpho-
logic alterations [9].

e There are three types of annular fissures
(Fig. 21.7):
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Fig. 21.6 Simplified illustration of the difference
between a normal disk (a), spondylosis deformans (b) and
intervertebral osteochondrosis (¢). Intervertebral osteo-
chondrosis represents a pathologic deterioration of the
disk, while spondylosis deformans reflects the normal
ageing process of the lumbar spine. ALL and PLL repre-
sent the anterior and posterior longitudinal ligament,
respectively

— Concentric:
Lamellar separation (parallel with lamellar
orientation)
— Transverse:
Defect in the outer fibres of the annulus
(attachment at end plate rim)
— Radial:
Total lamellar disruption through outer margin

Clinical Features

* Though high-intensity zones in the annulus
fibrosus are considered to be associated with
disk degeneration, they are more commonly
discovered as an incidental finding in asymp-
tomatic patients. However, they are only
discovered in a minority of post-mortem

Fig. 21.7 Black disk. A 38-year-old woman presenting
with low back pain without any functional neurological
deficit. An MRI examination of the lumbar spine was per-
formed including sagittal T2 weighted images showing a
“black disk” at level of L5-S1 (white arrow). Note normal

signal intensity of the other intervertebral disks

(arrowheads)

studies of patients (over 40 years), and there-
fore they can be considered as a rather
unusual consequence of ageing [10].

Imaging Features

* MRI is the imaging modality of choice to
depict this degenerative process, showing an
abnormal signal intensity in the posterior mar-
gin of a degenerating disk.

— T2-WI shows a high-intensity zone at the
posterior disk margin, which normally has
a low signal (Fig. 21.8).

— T1-WI with contrast shows a linear con-
trast enhancing fissure. This enhance-
ment can also be seen on
contrast-enhanced CT images reflecting
a “healing” process [8].
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Fig. 21.8 High-intensity zone. This 25-year-old man
complains of low back pain since at least 2 months. His
symptoms worsened with increased mechanical loading.
An MRI examination was performed including both sagit-
tal (a) and axial (b) T2 weighted images. The sagittal

21.2.2.3 Bulging Disk

Definition

* Circumferential disk broadening beyond the
margins of the adjacent vertebral body end
plates

General Features

A bulging disk implies a short radius of expan-
sion (usually less than 3 mm) affecting more than
50 % (180°) of the circumference of the interver-
tebral disk (Fig. 21.9).

Clinical Features

* A bulging disk can be asymptomatic but can
also give rise to low back pain, neurogenic
claudication and radiculopathy.

Imaging Features

* Bulging disks can be visualized by cross-
sectional imaging techniques, CT and MRI
(Fig. 21.10), as a broad-based bulge of the
disk with loss of disk height. In some cases,
they are accompanied by the presence of the
so-called “vacuum disk” phenomenon. The
bulging disk is often hypointense on both
T1-WIand T2-WI (“black disk”). Furthermore,

image (a) shows a degenerative L5-S1 disk, with a linear
high-intensity zone (thick arrow). This high-intensity
zone can also be seen on the axial image (b) as an area of
hyperintense signal (thin arrow) in the posterior annulus
fibrous

T2-WI may show a high-intensity zone (annu-
lar fissure), which can also be seen on con-
trast-enhanced T1-WIL.

21.2.2.4 Disk Herniation

Definition

* Displacement of disk material (nucleus, annu-
lar tissue, cartilage) beyond the margins of the
vertebral body end plate; this displacement is
not circumferential, i.e. affecting less than
50 % (180°) of the circumference of the disk.

General Features

» There are different types of disk herniation: pro-
trusion, extrusion and sequestration (Figs. 21.11,
21.12,21.13,21.14, and 21.15) [10].

— Protrusion: disk herniation with a broad base
(Figs. 21.11 and 21.12)

— Extrusion: disk herniation with a narrow base
(Figs. 21.13, 21.14, and 21.15)

— Sequestration: free disk fragment, having no
continuity with the parent disk (Fig. 21.13)

Clinical Features
Symptoms may vary from low back pain to radic-
ular pain and even cauda equina syndrome. These
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Fig. 21.9 Simplified illustration of a bulging disk. There
is a circumferential disk expansion beyond the margins of
the end plates, affecting more than 50 % of the circumfer-
ence of the disk. This bulging can be symmetric (a) or

symptoms tend to become more severe with
increased intra-abdominal pressure and during
lumbar flexion and weight lifting.

Imaging Features

* Imaging modalities of choice are CT and
MRI. Axial and sagittal imaging is manda-
tory in the differentiation between protrusion
and extrusion (as explained in Figs. 21.11
and 21.13). Both imaging planes are used to
fully localize the extent of the disk herniation
[10].

¢ Intheaxial plane, disk herniation can be posterior-
central, subarticular, foraminal and extraforami-
nal. The so-called “anterior zone” herniations are
uncommon and usually asymptomatic.

PLL
ALL /
b I

asymmetric (b). Note the difference with a disk herniation
(Figs. 21.11, 21.12, and 21.13) where the expansion is
localized (i.e. less than 50 % of the diskal circumference)

e In the sagittal plane, disk herniation can be
suprapedicular, infrapedicular, pedicular or at
disk level.

¢ Contrast-enhanced studies often reveal periph-
eral enhancement on both CT and MRI, repre-
senting engorged epidural veins and/or
inflammation and thickening of the posterior
longitudinal ligament. This can be helpful to
discriminate recurrent disk herniation from
scar tissue in post-operative patients [11].

21.2.2.5 End Plate Changes

Degenerative vertebral end plate changes were
first classified by Modic et al. [12] in 1988 and, as
a result, are referred to as Modic changes. Three
types of end plate changes are described, each



344

K. Carpentier et al.

Fig.21.10 Disk bulging. MRI of a 50-year-old man with
symptoms of long standing low back pain with new-onset
sciatic pain in the right leg. Sagittal T2 weighted image
(a), T1 weighted image (b) and an axial T1 weighted
image are shown. Sagittal T2 weighted images (a) shows
degenerating disks with loss of signal intensity at levels

with their characteristic features and differences
on MRI:

e Typel:
— Hypointense on T1-WI
— Hyperintense on T2-WI
e TypeII:
— Hyperintense on T1-WI
— Iso- to hyperintense on T2-WI
e Type III:
— Hypointense on both T1-WI and T2-WI

Type I changes represent bone marrow oedema
and inflammation and are clearly associated with
low back pain. These changes can convert to
another type such as type 0 (no Modic changes)
or type II changes. They are therefore said to be
unstable.

Type II changes represent the conversion of
normal red bone marrow to yellow bone marrow
due to ischaemia and account for approximately
90 % of all Modic changes. In contrast to the type
I changes, they are less commonly associated
with low back pain and are said to be stable as

L3-L4, L4-L5 and L5-S1. Furthermore, a bulging disk
can be seen on the levels L3-1.4, L4-L5 and L5-S1 (a, b).
The axial T1 weighted image (c) at the L4-L5 level shows
a merely ventral circumferential hypointense disk broad-
ening (arrowheads) affecting more than 180° of the cir-
cumference of the vertebral body (dashed line)

they do not tend to convert (stress may occasion-
ally cause conversion into type I changes).

Type III changes represent subchondral scle-
rosis and are usually not associated with low
back pain.

21.3 The Facet Joints
and Posterior Elements

Definition

* Each segment of the vertebral column can be
divided into two spaces: the anterior space
(vertebral body) and the posterior space (ver-
tebral arch).

* The posterior elements together with the ver-
tebral body enclose the spinal canal and neural
foramina. These posterior elements consist of
soft tissues (ligamenta flava, interspinous liga-
ments, supraspinous ligament, intertransverse
ligaments) and bony structures (pedicles, facet
joints, superior and inferior articular processes,
mammillary processes, laminae and spinous
processes) (Figs. 21.16, 21.17, and 21.18).
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Fig.21.11 (a) Simplified
illustration of a disk herniation.

A narrow-based (a) and a
broad-based (b) disk protrusion is
displayed on both the axial (left
column) and sagittal (right column)
plane. In both cases the base of the
herniation is larger than the
extension of the disk herniation
beyond the disk margin. Notice the
difference between disk herniation
and a bulging disk (Compare with
Fig. 21.9)

Fig.21.12 Disk protrusion. This 32-year-old man under-
went an MRI examination for the evaluation of recurrent
low back pain (i.e. long-standing low back pain). This
examination included axial T2 weighted imaging (a) as
well as sagittal T2 weighted imaging (b) and T1 weighted

* In the lumbar spine, pathology of the posterior
elements can be the cause of low back pain, even
in patients with normal intervertebral disks.

In this section we will discuss the most com-

mon pathologies of the posterior elements in
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imaging (c). There is a signal loss of the L5-S1 interver-
tebral disk (asterisks) (b). A broad-based disk protrusion
is present (arrowheads) causing an impression on the the-
cal sac. Note the presence of hypertrophic facet joints
(arrows)

the lumbar spine. This includes osteoarthritis
of the facet joints, facet joint cyst formation,
cysts of the ligamentum flavum (yellow liga-
ment) and hypertrophy of the ligamentum
flavam.
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Fig. 21.13 Simplified
illustration of disk
extrusion/sequestration.
(a) Shows a disk
extrusion, a form of
disk herniation where
the base is narrower
than the portion of disk
extending posterior into
the epidural space, this
in at least one plane.
(b) Shows a disk
sequestration, a subtype
of disk extrusion, in
which there is a free
fragment of disk
material, i.e. having no
continuity with the
parent disk. Notice the
difference with a disk
protrusion and a
bulging disk
(displacement over
more than 50 % of the
circumference of the
disk). Compare with
Figs. 21.9 and 21.11b

Fig. 21.14 Disk extrusion with descending fragment.
MRI of a 44-year old woman, presenting with left sided
sciatic pain. Sagittal T2 weighted image (a) as well as axial
T2 weighted images (b, ¢) are shown. The sagittal T2
weighted image (a) shows a disk herniation at L4-L5 with
a descending fragment yet in continuity with the native

K. Carpentier et al.

disk (so-called toothpaste sign) with compression of the
thecal sac. The base of the extruded disk is narrower than
the diameter of the descending fragment. Axial T2
weighted images (b, ¢) confirm the extruded disk (b;
arrow) with a descending fragment (c; arrowheads),
thereby severely narrowing the spinal canal diameter
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Fig.21.15 Disk extrusion. MRI of a 33-year old woman
with increasing pain and a history of disk herniation at
level L4-L5. This examination included sagittal T2
weigted images (a), sagittal T2 weigted images (b) and
axial T2 weigted images (c). Sagittal images (a, b) show
a L4-L5 disk herniation with a small component of disk

21.3.1 Osteoarthritis of the Facet
Joints

General Features

e The facet joints are synovial joints located
between two adjacent vertebral arches
(Figs. 21.16, 21.17, and 21.18). Together with
the diskovertebral complex, they allow move-
ments between the vertebrae.

* The surface of a normal facet joint is smooth,
layered with hyaline cartilage, which gradu-
ally disappears as degeneration progresses.

e Degenerative osteoarthritis of the facet joints
causes formation of osteophytes and subchon-
dral cysts, joint hypertrophy, osteosclerosis, nar-
rowing of the joint space, vacuum phenomenon,
joint effusion and sometimes facet joint cysts.

* Osteoarthritis of the facet joints is a fre-
quent cause of central, lateral and foraminal
stenosis when osteophyte formation is
significant.

Imaging Features

e MRI and CT are the imaging modalities of
choice. Plain radiographs are of limited value
in the evaluation of the facet joints.

material extending caudally (thick arrows) suggesting a
disk extrusion with an additional sequester: this could
however not be seen on this imaging modality. Notice a
disk protrusion at L3-L4 (thin arrows). An axial T1
weighted image (c¢) shows the disk extruding into the
epidural space (arrowheads)

¢ Both CT and MRI have enough spatial resolu-
tion to correctly assess the facet joints.
Imaging should be performed in both axial
and sagittal planes.

e CT has been proven superior to MRI in
the assessment of joint space narrowing,
osteophytes and subchondral osteosclerosis
(Figs. 21.19 and 21.22).

e MRI is superior to CT in the assessment
of joint effusion. Sagittal MRI images or refor-
matted CT images are preferred for measuring
the diameters of the spinal canal and neural
foramina (Figs. 21.19, 21.21, and 21.22).

21.3.1.1 Juxtafacet Cysts and Cysts

of the Ligamentum Flavum

General Features [13]

* Juxtafacet cysts arise from the facet joint (syno-
vial cysts) or periarticular space (ganglion cysts)
as a result of degeneration of the facet joint. They
are observed most commonly in the lumbar spine
at L4-L5. When they grow large, they can cause
compression of the nerve roots and thecal sac.

e Cysts of the ligamentum flavum are much less
common than juxtafacet cysts and occur



348

K. Carpentier et al.

Fig. 21.16 Posterior
elements. Normal CT
anatomy of the neural
foramina and facet joints.
Sagittal (a) and axial (b)
CT reformatted images
illustrate the normal
anatomy of the posterior
elements of the lumbar
spine. n intervertebral
neural foramen, P pedicle,
S superior articular
process, I inferior articular
process, asterisk facet joint
space, arrows lamina, Sp
spinous process

almost exclusively in the lumbar spine, mostly
at L4-L5, as a result of degeneration.

21.3.1.2 Hypertrophy

of the Ligamentum Flavum
General Features
Imaging Features e The ligamenta flava are spinal ligaments

e MRI is the modality of choice due to its high

sensitivity.

* Juxtafacet cysts on MRI imaging are mostly

isointense to the cerebrospinal fluid (CSF). On
T2-WI, these lesions can present a higher signal
intensity than CSF when they have a protein-
aceous content. A rim of enhancement is pres-
ent after administration of gadolinium. On CT,
they appear as hypoattenuating lesions. They
may contain calcifications and gas (Fig. 21.20).
Cysts of the ligamentum flavum appear as
round masses adjacent to the ligamentum
flavam with high signal intensity on
T2-weighted images. Peripheral enhancement
after gadolinium is observed. Calcifications
are uncommon (Fig. 21.21).

between the posterior aspects of the
laminae of adjacent vertebral bodies (Fig.
21.17).

Hypertrophy of the ligamenta flava is com-
monly associated with degeneration of the
facet joints.

The degenerative process induces fibrosis in the
normal ligaments, which become more rigid
and may eventually ossify. As a result, the
intraspinal space decreases leading to compres-
sion of the thecal sac and eventually of the
cauda equina.

Imaging Features

CT and MRI are preferred over plain films and
myelography.
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Fig. 21.17 Normal MRI anatomy of the posterior ele-

s. This sagittal (a) and axial (b) MRI T2 weighted
images show normal anatomy of the posterior elements of
the lumbar spine. n intervertebral neural foramen, P pedi-
cle, S superior articular process, I inferior articular process,

CT and MRI show hypertrophy of the liga-
menta flava, which form a characteristic
V-shape along the laminae (Fig. 21.22).

CT is superior to MRI in the detection of cal-
cifications of these ligaments.

MRI shows better the effect of the compression.

asterisk facet joint space, L lamina, Sp spinous process.
Please note the ligamentum flavum (arrows) that extends
between the adjacent vertebral laminae (a). This ligament
forms a characteristic V-shape on axial images (b)

21.3.2 Baastrup’s Disease

General Features and Imaging

Baastrup’s disease, otherwise known as the “kissing
spine”, can be sometimes observed in patients with
chronic low back pain. It refers to degenerative
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Fig.21.18 CT volume rendering (VR) images of the nor-
mal posterior elements at the L4-L5 level. Lateral (a) and
posterolateral (3/4) (b) images. n intervertebral neural

Fig.21.19 Facet joint degeneration. CT and MRI imag-
ing of the lumbar spine in a 65-year-old man with severe
low back pain. Sagittal (a) and axial (b) CT images and
axial T2 weighted image MR image (c¢) show osteoar-
thritis of the facet joints at L3-L4. Hypertrophy and nar-

bone and soft tissue changes between apposing spi-
nous processes. It is caused by hyperlordosis
(Roussouly type 4) (see also Chap. 39), loss of disk
space height or spinal instability with retrolisthesis
of the cranial vertebra [14].

* The adjacent spinous processes stay in close
approximation to each other, which can be
observed on medical imaging.

* CT scan shows sclerosis and subchondral changes
in the adjacent spinous processes (Fig. 21.23).

¢ MRIis better in detecting effusion, cysts formation
or bone marrow oedema. Fatty replacement of the
paraspinal muscles is often described (Fig. 21.24).

foramen, P pedicle, S superior articular process, I inferior
articular process, Ls lamina, Sp spinous process, T trans-
verse process

rowing of the joint space can be observed on both
modalities. Note subchondral erosions (arrowheads) on
axial CT (b) and MRI (¢) images. Osteophytes and intra-
articular air, the so-called vacuum phenomenon (arrow),
are usually better appreciated on CT imaging

21.4 Acquired Spinal Canal
and Neuroforaminal
Stenosis

Definition

* Narrowing of the spinal canal and/or neural
foramen secondary to multifactorial degenera-
tive changes.

General Features [15]

e Can be congenital (idiopathic or achondro-
plastic) or acquired (degenerative, iatro-
genic, posttraumatic, metabolic  and
spondylolisthetic)


http://dx.doi.org/10.1007/978-3-319-27613-7_39
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Fig. 21.20 Synovial cyst of the facet joint. MRI of the
lumbar spine in a 70-year-old man with chronic low back
pain and recent onset of left-sided sciatica. Sagittal and
axial T2 weighted images upon admission (a, b) and after
surgery (c, d) are shown. The preoperative MRI (a, b)
shows a large cyst of the left facet joint compressing the
thecal sac and obliterating the left lateral recess. The cyst
contents are inhomogeneous, with a hypointense periph-

e Mostly due
changes
— Anteriorly (spondylosis deformans with
osteophyte formation, disk degeneration
with bulging or herniation).

to degenerative (acquired)

eral rim (arrowheads). The cyst was surgically removed
and the diagnosis of a synovial cyst was confirmed. The
post-operative examination (c, d) shows that the synovial
cyst has been completely removed. A small fluid collec-
tion posteriorly in the soft tissues (asterisk) is observed.
Also note the degenerative anterolisthesis of L5 due to
bilateral hypertrophic facet joint degeneration. On axial
images, no evidence for lysis was encountered

— Posteriorly (degeneration and hypertrophy
of the facet joints, hypertrophy or buckling
of the ligamenta flava ...).

— The net result is an abnormal narrowing
of the spinal canal, lateral recess and/or
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Fig. 21.21 Hypertrophy of the ligamenta flava with a
ligamentum flavum cyst in a 55-year-old woman with
neurogenic claudication. The preoperative MRI, with sag-
ittal and axial T2 weighted images (a—c) and sagittal T1
weighted image (b), shows a cystic mass arising from the
ligamentum flavum (arrow) at the level of L4-L5, which
compresses the thecal sac posteriorly. The cyst is moder-
ately hyperintense on T2 weighted images and hypoin-
tense on T1 weighted images. There is marked hypertrophy

neural foramen. The epidural fat is usually
disappeared or necrotic.
e Spinal stenosis is most commonly found at

high mobility levels (L4-L5).

— Sagittal diameter of the spinal canal <13 mm:
relative stenosis

— Sagittal diameter of the spinal canal <10 mm:
absolute stenosis

Imaging Features

e Myelography as an imaging technique has
been supplanted by MRI (or CT).

* Axial images on MRI show a typical triangu-
lar “trefoil” appearance (Fig. 21.25).

* Both axial and sagittal images show extrinsic
impressions on the thecal sac.

e On sagittal T2-WI, the nerve roots of the
cauda equina present a thickened and elon-
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of the ligamenta flava (asterisk), which compress the the-
cal sac laterally (c). The cyst and the hypertrophic liga-
menta flava were surgically removed and the diagnosis of
a ligamentum flavum cyst was confirmed. The post-oper-
ative MRI examination 1 year after surgery, with sagittal
(d) and axial (e) T2 weighted images, shows no sign of
compression on the thecal sac. There is a bilateral joint
effusion (open arrowheads) in the degenerative facet
joints (e)

gated appearance above the level of the most
severe stenosis. This appearance is known as
“redundant nerve roots” and is a sign of func-
tionally severe spinal stenosis.

e Typical imaging findings in spinal stenosis
include hypertrophic facet joints (Fig.
21.26), thickened ligamenta flava, vertebral
end plate osteophytes, narrowing of the neu-
ral foramina and obliteration of the epidural
fat.

21.5 Spondylosis Deformans

Definition

¢ Hypertrophic bone changes with osteophyte
formation caused by degeneration of the annu-
lus fibrosus (Fig. 21.27).
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Fig. 21.22 Hypertrophy of the ligamenta flava. CT and
MRI of the lumbar spine in a 70-year-old man with neuro-
genic claudication. Axial CT (a) and axial T2-weighted
(b) MR images demonstrate thickened ligamenta flava
(asterisk) which compress the thecal sac posterolaterally.

General Features [16]

* As disk degeneration progresses and the
intervertebral space decreases in height, an
increased pressure is brought upon both
the facet joints and the vertebral end
plates.

e This results in progressive cartilage loss
adjacent to the end plates which, in turn,
results in hypertrophic changes causing for-
mation of osteophytes at the anterior and lat-
eral part of the vertebral body and/or facet
joints.

* In patients with lumbar hyperlordosis, hyper-
trophic osseous proliferation can also occur
between spinous processes causing the so-
called Baastrup’s disease.

e Bone marrow changes, reactive sclerosis
and end plate erosions can be seen at a late
stage.
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There is bilateral facet joint degeneration with accumula-
tion of intra-articular air (“vacuum phenomenon”) in the
left facet joint (black arrow), best seen on the CT image
(a). The joints effusion (open arrowheads) is best seen on
the MR image (b)

Clinical Features

e These changes may cause low back pain,
morning stiffness, crepitations and a decreased
range of motion, the typical characteristics of
osteoarthritis.

Imaging Features

* Hypertrophic bone changes can be depicted
on CT examinations at the level of lumbar ver-
tebrae, spinous processes and sacroiliac joints
(Fig. 21.27).

* When small, osteophytes demonstrate a
hypointense signal on T1-weigthed and fluid-
sensitive images. As they enlarge, they may
have a more isointense signal compared to the
normal bone marrow.

e Other features of degenerative disk changes
can also be observed using CT and/or MRI
(disk disease, spinal stenosis, narrowing of the
neuroforamina).
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Fig. 21.23 Baastrup’s disease. CT scan of the lumbar
spine in a 65-year-old woman with long-standing low
back pain. CT sagittal reformatted image showing a
marked narrowing of all lumbar interspinous spaces
(arrows). The surfaces of the adjacent spinous
processes are sclerotic and markedly hypertrophic.
Also note the degeneration of the intervertebral disks
and a degenerative anterolisthesis of L4 due to
bilateral hypertrophic facet joint degeneration
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Fig. 21.24 Baastrup’s disease. MRI of the lumbar spine
in a 68-year-old man with low back pain. Sagittal T2
weighted image (a) demonstrates narrowing of the inter-
spinous spaces and the presence of subchondral erosions
(arrowheads). A small cyst arising from the interspinous
space at L4-L5 (arrow) is observed. Note the atrophy and

fatty degeneration of the paraspinal musculature (black
arrowheads) on the axial T2 weighted image (b), a com-
mon feature in patients with Baastrup’s disease. Also note
bilateral hypertrophic facet joint degeneration on the axial
image (b) and disk degeneration at L5-S1 on the sagittal
image (a)
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Fig. 21.25 Spinal canal stenosis. MRI of a 69-year-old
woman with low back pain, irradiating to both legs and neu-
rogenic claudication. The sagittal T2 weighted MR image
(a) shows anterolisthesis of L4 on L5 due to hypertrophic
facet joints. This results in a spinal canal stenosis, as seen

on axial T2 weighted image (b) and T1 weighted image (c)
(arrows). Note in (a) the presence of thickened, tortuous and
elongated nerve roots of the cauda equina above the level of
the stenosis; this finding is known as “redundant nerve roots”
syndrome, resulting from chronic extradural compression
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Cc

Fig. 21.26 Spinal canal stenosis and synovial cyst. MRI
of a 78-year-old patient with low back pain. Sagittal T2
weighted (a) and T1 weighted (b) MR images show spinal
stenosis due to anterolisthesis of L4 on L5 and the pres-
ence of a synovial cyst (thick arrow). Axial T2 weighted

K. Carpentier et al.

images (c, d) show severe narrowing of the spinal canal
(small arrows) with the presence of hypertrophic and
degenerative facet joints (arrowheads) and a synovial cyst
(arrow)
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Fig. 21.27 Spondylosis deformans. CT of a 74-year-old
woman with right-sided sciatica. There is a lumbosacral
transitional anomaly with lumbalization of S1. The soft
tissue windows (a and ¢) show narrowing of the interver-
tebral spaces and degenerative disk bulging at levels L3—
L4, L4-L5 and L5-S1 (a). A “vacuum disk” phenomenon
(white arrow) is present as a sign of degenerative disease.
Changes at the facet joints and the vertebral end plates can

be seen in the bone window images (b, d). Osteophytic
spur formation is most prominent at L4-L5 and L5-S1
(arrowheads). These degenerative changes result in a nar-
rowing of the right (¢) neural foramina (black arrows). An
intravertebral disk herniation (so-called Schmorl’s node)
is present in the lower end plate of L5 (dashed arrow) (b)
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