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Abstract

Low back and neck pain are common and result in significant patient disability and health care expenditure. When
conservative treatment fails or worrisome clinical findings are present, magnetic resonance imaging (MRI) is
the imaging modality of choice to assess the cause and complicating features of spine pain. There are many potential
aetiologies of spine pain with similar clinical presentation, including degenerative changes, infection, and insuf-
ficiency and pathologic fractures. MRI allows for the differentiation of these sources of spine pain and potential
complicating features, permitting the appropriate direction of therapy.
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Introduction

Low back pain is common and contributes significantly
to patient morbidity and healthcare expenditure. The global
prevalence of low back pain is 9.6%, and it is one of the
most common reasons for visiting a primary health care
provider, with almost all persons experiencing lower back
pain at some time in their life [1,2]. Low back pain is
the most common cause of years lived with disability and
the third highest cause of disability-adjusted life years [3].
The third most demanding condition of health expenditure
is low back and neck pain, after diabetes and ischaemic
heart disease [4]. The imaging of these patients without red
flags is being targeted by the Choosing Wisely campaign,
due to its overuse, because investigating and surgically
intervening in a patient with low back pain prior to con-
servative management contributes significantly to health
care expenditure [5,6]. When conservative management
of low back pain fails, magnetic resonance imaging (MRI)
is the modality of choice for further evaluation. Imaging
evaluation is valuable for patients with worrying clinical
features, particularly those with prior surgery, the elderly,

those on chronic steroid use, or with osteoporosis, low-
velocity trauma, suspected or known cancer, infection, or
immunosuppression [7]. MRI offers superior tissue con-
trast resolution over radiography and computed tomogra-
phy (CT); imaging modalities that inadequately assess the
spinal cord and use ionising radiation.

Spine anatomy

The spine is composed of seven cervical, 12 thoracic,
five lumbar, five sacral, and four coccygeal vertebral seg-
ments. The differences in anatomy and physiology for
each region of the spine are important for understanding
the common locations of degenerative changes and when
evaluating these different regions with MRL

Spine and spinal cord development are closely in-
tertwined despite arising from different progenitor cells.
The vertebrae are composed of the vertebral body and the
posterior elements or neural arch. The vertebral bodies of the
cervical, thoracic, and lumbar spine are separated by inter-
vertebral discs and together they are responsible for stability
as well as weight transfer and distribution. The posterior ele-
ments, or neural arch, surround and protect the spinal cord.
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Figure 1. Craniocervical junction anatomy — coronal proton density mag-
netic resonance image with labelled upper cervical spine and craniocervical
junction anatomy

Figure 2. Vertebral anatomy — sagittal short-tau inversion recovery (A)
magnetic resonance (MR) image with axial T2W MR images of the (4 cervi-
cal (B), T6 thoracic (C), and L3 lumbar (D) vertebrae. The osseous anatomy
of the vertebrae is labelled and shaded accordingly. The transverse processes
of the cervical vertebrae contain transverse foramina (asterisk)

Magnetic resonance imaging of the spine

Most vertebrae are derived from three primary os-
sification centres, with the constant exception being the
second cervical vertebra. Primary ossification begins in
utero during the first trimester and is usually complete by
the first year of age. Secondary ossification centres include
the endplate annular apophyses and the apophyses of the
transverse and spinous processes. The secondary ossifi-
cation centres for the first and second cervical vertebrae
are variable. Secondary ossification begins during puberty
and is usually complete by the third decade.

The first (atlas) and second (axis) cervical vertebrae
are specialised in function and anatomy. The atlas is com-
posed of an anterior and posterior arch with lateral masses
that articulate superiorly and inferiorly with the head and
axis, respectively. The elongated transverse processes of
the atlas arise and extend laterally from the lateral masses.
The odontoid process, or dens, is unique to the axis and
is a superior extension of the body that facilitates rota-
tion with the atlas. The axis body is heavily buttressed
laterally for articulation superiorly with the atlas’s lateral
masses and inferiorly with the C3 superior articular pro-
cesses (Figure 1). Like all remaining vertebrae, the axis has
posterior elements that are composed of (short) pedicles,
(thick) laminae, and a (long) spinous process.

The remainder of the cervical vertebrae, C3 to C7, the
thoracic vertebrae, and the lumbar vertebrae are composed
of vertebral bodies and the posterior elements or neural
arch. The first components of the neural arch extending
posterolateral from the vertebral body are the pedicles.
Extending laterally from the pedicles are the transverse
processes. More posteriorly, the spinal canal is shielded
by the laminae, where they meet at the midline origin
of the spinous processes. Therefore, the osseous spinal
canal is formed by the posterior margin of the vertebral
body, bilateral pedicles, and bilateral laminae (Figure 2).
The intervertebral or neural foramina convey the nerve
roots for each spinal nerve at each level. These are bound-
ed by the inferolateral corner of the posterior vertebral
body and the intervertebral disc anteriorly (as well as by
the uncinate processes in the cervical spine), by pedicles
both superiorly and inferiorly, and by the facet joint (as well
as by the articular pillar of the cervical spine) posteriorly.
The zygapophyseal or facet joints, between superior and in-
ferior articular processes on adjacent vertebra, are predomi-
nantly oriented in the coronal plane, except in the lumbar
spine where they are oriented in an oblique sagittal plane.

The C3 to C7 vertebrae are the only segments to have
uncinate processes, which are hook-like superior projec-
tions at the posterolateral corners of the vertebral bodies.
The transverse processes of the cervical vertebrae have
transverse foramina through which the vertebral arteries
course, typically entering at the level of C6. The cervical
spine also has articular pillars that are osseous tiers that
lie just posterior to the transverse processes and lateral
to the pedicle-lamina junctions and provide support to
the superior and inferior articular processes. The cervical

© Pol J Radiol 2020; 85: e550-e574

e551



Blair Allen Winegar, Matthew Derek Kay, Mihra S. Taljanovic

vertebral spinous processes are bifid, unlike the thoracic
and lumbar spinous processes. The cervical and thoracic
vertebra spinous processes are also longer and more infe-
riorly angulated than the lumbar spinous processes.

The thoracic vertebrae articulate at two points with
their corresponding ribs. The origins of the ribs articulate
with shallow facets at the posterosuperior and posteroin-
ferior margins of the thoracic vertebrae. The rib tubercles,
small processes just distal to the rib heads, articulate with
small articular facets on the thoracic vertebra transverse
processes. The lumbar vertebral bodies and the lumbar
transverse processes are the largest and longest, respec-
tively. The lumbar articular processes that extend both su-
periorly and inferiorly from the pedicle-lamina junction
form a tier that is referred to as the pars interarticularis.
The laminae of the lumbar spine also shield the spinal ca-
nal posteriorly, but they do not overlap as much as the
cervical and thoracic laminae.

The ligaments and paraspinal muscles stabilise the
spine. The craniocervical junction is complex and consists
of multiple stabilising ligaments. The ligaments unique to
the craniocervical junction include the anterior atlanto-
occipital membrane (AAOM), apical ligament, alar liga-
ments, cruciate ligament, and the posterior atlanto-occipi-
tal membrane (PAOM) (Figure 3).

The AAOM extends between the anterior margin of
the clivus to the anterior arch of atlas before continuing
inferiorly, first from the anterior arch of the atlas to the
anterior margin of the axis as the anterior atlanto-axial
membrane (AAAM), and then as the anterior longitudinal
ligament (ALL). The apical ligament, extending from the
tip of the clivus (basion) to the tip of the dens, is worth
mentioning, but does not result in significant stabilisa-
tion. The alar ligaments extend from each of lateral curved
margins at the tip of the dens and connect to the medial
margins of both occipital condyles. The cruciate ligament
lies immediately posterior to the dens with both hori-
zontal and vertical bands. The thicker horizontal bands
extend laterally and connect to tubercles at the medial
margins of the atlas, whilst the vertical bands extend cra-
niocaudally connecting to the posterior margins of the
clivus and dens, respectively. The PAOM extends between
the posterior lip of the foramen magnum (opisthion) to
the posterior arch of atlas. The posterior atlantoaxial
membrane (PAAM) then extends between the posterior
arch of atlas to the laminae of the axis.

The posterior longitudinal ligament (PLL) lies along
the posterior margin of the vertebral bodies. Superiorly, it
is attached to the posterior margin of the axis body before
broadening to continue as the tectorial membrane. The
tectorial membrane then continues further superiorly to
blend with the dura mater along the posterior margin of
the clivus. The PLL is broader and more firmly attached to
the intervertebral discs than the vertebral bodies, in con-
tradistinction to the ALL, which is more firmly attached
to the vertebral bodies than the intervertebral discs.

The ALL lies along the anterior margin of the vertebral
bodies. As described above, the ALL continues more su-
periorly, at the level of the body of the axis, as the AAAM
and then as the AAOM. Inferiorly both the ALL and the
PLL taper at their attachments to the anterior and poste-
rior margins of the sacral body, respectively.

The ligamentum flava are similar to the PAAM (and
PAOM), but they interconnect the laminae of the adjacent
vertebra, from C2-C3 to L5-S1. The spinous processes are
also interconnected by ligaments called the interspinous
ligaments. The supraspinous (or supraspinal) ligament ex-
tends between the tips of the adjacent spinous processes
from C7 to S1. More superiorly, above C7, the supraspi-
nous ligament continues as the much thicker nuchal liga-
ment that also has attachments to the remaining cervical
spinous processes and the posterior tubercle of the atlas
before it attaches to the inion or the midline of the (exter-
nal) occipital protuberance.

The spinal cord is the caudal extension of the medulla
oblongata below the foramen magnum, and it descends
through the spinal canal prior to terminating as the conus
medullaris (usually at the L1 level in adults). A thin strand
of fibrous tissue, called the filum terminale, extends cau-
dally from the apex of the conus medullaris and inserts into
the first coccygeal segment. The nerve roots that extend

Figure 3. Spinal ligament anatomy — sagittal T2W magnetic resonance
image with labelled ligaments of the cervical spine and craniocervical
junction. AAAM — anterior atlanto-axial membrane, AAOM — anterior
atlanto-occipital membrane, ALL — anterior longitudinal ligament,
(L - cruciate ligament, ISL — interspinous ligament, LF — ligamentum fla-
vum, NL - nuchal ligament, PAAM — posterior atlanto-axial membrane,
PAOM — posterior atlanto-occipital membrane, PLL — posterior longitudinal
ligament, SSL — supraspinous ligament, TM — tectorial membrane
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Table 1. Castellvi classification of transitional lumbosacral vertebra (TLV)

Castellvi classification | TLV transverse process morphology
Typel Elongated

(Type la) unilateral

(Type Ib) bilateral
Typell Pseudo-articulating

(Type la) unilateral

(Type Ib) bilateral
Type ll Fused

(Type I1a) unilateral

(Type lIb) bilateral
Type IV Combined — Type lla and Type llla

(one pseudo-articulating and one fused)

caudally to the conus medullaris are collectively called the
cauda equina.

There are eight cervical, 12 thoracic, five lumbar, five
sacral, and one coccygeal paired nerve roots. The cervical
nerve roots exit through the neural (or intervertebral) fo-
ramen which corresponds to the more caudal segment at
the intervertebral disc level (e.g. the C5 nerve root exits
through the C4-C5 neural foramen). The exception is the C8
nerve roots, which exit through the C7-T1 neural foramen.
The thoracic, lumbar, and S1 to S4 nerve roots all exit
through the neural foramen which corresponds to the more
cranial segment at the intervertebral disc level (e.g. the L4
nerve roots exit through the L4-L5 neural foramen). The
S5 and coccygeal nerve roots exit through the sacral hiatus.

Transitional lumbosacral vertebra

Appropriate labelling of vertebral levels and the iden-
tification of the transitional lumbosacral vertebra (TLV)
is vital to accurately report and prevent spinal procedures

Figure 4. Transitional lumbosacral anatomy — coronal T2ZW magnetic res-
onance image of the lumbosacral junction demonstrates Castellvi type Ila
transitional lumbosacral anatomy with left pseudo-articulation between L5
and the sacrum (arrow). This pseudo-articulation may result in focal pain,
termed Bertolotti syndrome

Magnetic resonance imaging of the spine

being performed at the wrong level. TLV are hybrid ver-
tebrae at the junction of the lumbar spine and sacrum.
TLV are relatively common, with an overall prevalence of
18.1%, occurring more commonly in men (28.1%) than
women (11.1%) [8]. Lumbarisation of the S1 vertebral
body occurs less frequently than sacralisation of L5 [9].
Localisation of the L5 nerve root, which is the only lum-
bar nerve root without proximal branching, can help ac-
curately label the L5 vertebra, even if sacralised, with 98%
accuracy [10]. The iliolumbar ligament is present in 85.7%
and extends from the L5 transverse process to the iliac
wing in 96%, making it a useful landmark when labelling
vertebral levels [11]. Although these methods are useful in
accurately predicting the L5 vertebra, conveying the pres-
ence of TLV and reporting the method of lumbosacral
segment labelling for the referring clinicians is paramount
to prevent incorrect level surgery or procedure. The most
accurate method of vertebral segment labelling is total
spine imaging, either by utilising prior studies as a refer-
ence or by acquiring total spine radiographs.

When present, TLV can be classified according to the
Castellvi classification (Table 1) [12]. Type I TLV have
elongated transverse processes, type II TLV have trans-
verse processes that pseudo-articulate with the sacrum, and
type III TLV have transverse processes that are fused with
the sacrum (Figure 4). Type I, type II, and type III can be
subclassified as occurring unilaterally (a) or bilaterally (b).
Type IV TLV are a combination of a type II on one side and
a type III on the other. TLV may cause or contribute to low
back (and buttock) pain. Bertolotti syndrome refers to the
constellation of symptoms and the presence of TLV, most
commonly prevailing during the third and fourth decades
of life [13]. This may be a result of the pseudo-articulation
between the transverse processes and the sacrum, because
the prevalence occurs more frequently in those with Cas-
tellvi type II or type IV TLV.

Intervertebral disc anatomy

The intervertebral discs are fibrocartilaginous struc-
tures between two adjacent vertebral bodies. The discs
serve as fibrocartilaginous joints, allowing a small de-
gree of bending motion in all directions (e.g. flexion,
extension, lateral flexion, and torsion). The discs also
serve as ligaments to hold the spine together, and as
shock absorbers to mitigate axial loading to the spine.
Structurally, the disc is composed of an outer annulus
fibrosus and an inner nucleus pulposus, connected to the
cartilaginous endplates of the adjacent vertebral bodies
(Figure 5) [14]. The annulus fibrosus is composed of sev-
eral lamellated layers of collagen that function as a tough
circumferential peripheral exterior enclosing the nucleus
pulposus and attaching to the vertebral endplates, pro-
viding tensile and radial strength to the disc. The nu-
cleus pulposus is the gelatinous core of loose collagen,
proteoglycans, and water, which functions as the shock
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absorber to provide compressive strength to the disc.
The intervertebral disc is an avascular structure, which
receives nutrients from capillaries within the vertebral
endplates and relies on passive diffusion to supply the
cells within the disc.

Disc degeneration

On MR, the normal intervertebral disc demonstrates
distinctness of the nucleus pulposus and annulus fibrosus
with internal high T2W signal intensity of the nucleus
pulposus and relatively lower T2W signal intensity within
the peripheral annulus fibrosus, corresponding to the rela-
tive difference in water content (Figure 5). Disc degenera-
tion describes a host of pathophysiological processes that
result in loss of function of the intervertebral disc. The fac-
tors that affect disc degeneration include, but are not lim-
ited to, mechanical stress, aging, lifestyle factors (e.g. smok-
ing), and genetic predisposition [15]. The consequences of
these factors are loss of hydrophilic proteoglycans, and
therefore water content, within the nucleus pulposus, which
decreases the resistance to axial loading. Along with disc
desiccation, disc degeneration encompasses a plethora of
degenerative processes that affect the intervertebral disc

and adjacent vertebral endplates including disc space nar-
rowing, fibrosis, vacuum disc phenomenon, annular fis-
sures, endplate cartilage erosion, marginal osteophytosis,
and Modic degenerative endplate changes.

The MRI findings of disc degeneration are most sen-
sitively detected on T2W sequences. These include de-
creased T2W signal within the intervertebral disc, loss of
the normal distinctness between the nucleus pulposus and
annulus fibrosus, and eventually loss of intervertebral disc
height. A grading scheme of the morphological changes
of the intervertebral disc on T2W sequences was created
by Pfirrmann et al. and later revised by Griffith et al., pre-
dominantly for the purpose of standardisation across re-
search studies [16,17].

Annular fissures are a frequent finding in disc degen-
eration, defined as disruption of the fibres of the annulus
fibrosus, either within its substance or at its attachment to
the vertebral body. On MRI, annular fissures demonstrate
linear T2W signal hyperintensity and contrast enhance-
ment within the disc as a result of fluid and ingrowth of
vascularised granulation tissue. The absence of MRI find-
ings can be used to determine acuity [18]. As such, the
term annular tear is no longer recommended because an-
nular fissures are a chronic degenerative process rather

Figure 5. Normal intervertebral disc and mild disc degeneration — sagittal
T2W magnetic resonance image of the lumbar spine demonstrates normal
hyperintensity within the L4-L5 intervertebral disc with clear distinction
between the nucleus pulposus (asterisk) and annulus fibrosus (arrow).
Mild disc degeneration predominantly affects the L1-L2 intervertebral disc
with anterior loss of hyperintensity, ill-definition of distinction between
the nucleus pulposus and annulus fibrosus, linear horizontal band, and mild
anterior disc height loss (arrowhead)

Figure 6. Disc degeneration and annular fissure — sagittal short-tau in-
version recovery magnetic resonance image of the lumbar spine shows
multilevel disc degeneration as evidenced by disc hypointensity and loss
of intervertebral disc height most pronounced at L3-L4 and L5-S1. Linear
hyperintensity extending from the nucleus pulposus to the margin of the
annulus fibrosus at the L4—L5 level is characteristic for a radial annular fis-
sure (arrow)
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Table 2. Magnetic resonance imaging signal characteristics and pathobiology of endplate modic degenerative marrow changes

Modic
dassification

T1 signal
characteristics

T2 signal
characteristics

Gadolinium contrast
enhancement

Pathobiology

Typel Low High (+) Present Marrow oedema (or inflammation)
Typell High High (—) Absent Fatty marrow conversion
Typelll Low Low (—) Absent Subchondral bone sclerosis

than an acute traumatic process implied by the word tear.
Annular fissures can be subdivided by orientation and lo-
cation into concentric, radial, and transverse fissures [19].
Concentric fissures parallel the peripheral contour of the
intervertebral disc and are not typically visualised on MRI.
Radial fissures are vertically, horizontally, or obliquely ori-
ented disruptions of annular fibres extending from the
periphery to the nucleus pulposus (Figure 6). Transverse
fissures are disruptions of Sharpey’s fibres in the periphery
of the annulus fibrosus at its attachment sites to the adja-
cent vertebral endplate.

Modic degenerative marrow changes

Modic degenerative marrow changes represent three
distinct types of MRI marrow signal changes frequently
encountered adjacent to degenerated discs (Table 2) [20].
Modic type I degenerative changes result in low TIW sig-
nal intensity, high T2 signal intensity, and postgadolinium

contrast enhancement, corresponding to bone marrow
oedema or inflammation (Figure 7). Modic type II degen-
erative changes result in high T1W signal intensity and
high T2 signal intensity, representing replacement of the
normal haematopoietic red marrow with fatty yellow mar-
row (Figure 8). Modic type III degenerative changes result
in low T1W signal intensity and low T2W signal intensity
as a result of osseous sclerosis (Figure 9).

These degenerative marrow changes typically progress
from type I to type II to type IIT and may be an admixture
of types (e.g. type I and II). Low back pain and persistence
of symptoms despite conservative measures is most com-
monly associated with the presence of Modic type I de-
generative endplate changes [21]. The causality of Modic
type I degenerative endplate changes is a topic of ongoing
debate, with probable contributions of mechanical stress,
proinflammatory environment stimulated by degenerated
disc, and/or infectious spondylodiscitis with low-virulence
bacteria [22].

Figure 7. Modic type | degenerative marrow changes — sagittal TTW (A) and T2W (B) magnetic resonance images of the lumbar spine show low TTW and
high T2W signal intensity within the bone marrow adjacent to L3-L4 disc degeneration, compatible with Modic type | degenerative marrow changes (black
arrowheads). In addition, there are also disc desiccation at L2-L3, L3-L4, and L4-L5, disc bulges at L2-L3 and L4-L5, and disc extrusion at L3-L4

© Pol J Radiol 2020; 85: e550-e574
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Figure 8. Modic type Il degenerative marrow changes — sagittal TTW (A) and T2W (B) magnetic resonance images of the lumbar spine demonstrate high
T1W and T2W signal intensity adjacent to L4-L5 disc degeneration, consistent with Modic type Il degenerative marrow changes (white arrowheads). There
is a severe L4-L5 disc extrusion with caudal migration (white arrows). In addition, there are disc desiccation and disc bulges at L3-L4 and L5-51

Figure 9. Modic type Il degenerative marrow changes — sagittal TIW (A) and T2W (B) magnetic resonance images of the lumbar spine display low T1W and
T2W signal intensity along the L3-L4 and L5-S1 intervertebral discs, representing Modic type IIl degenerative marrow changes (black arrows). In addition,
there is disc desiccation, disc height loss, and disc bulges at all lumbar intervertebral disc levels

Disc bulge and disc herniation

In 2014, an update to the recommendations regard-
ing lumbar disc nomenclature was produced by joint task
forces from the North American Spine Society, the Ameri-

can Society of Spine Radiology, and the American Society
of Neuroradiology [23]. These updated guidelines serve
to standardise the terminology for radiology reporting of
lumbar disc degeneration, because greater understanding
provided by the medical literature has evolved since the
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original recommendations published in 2001 [24]. The fol-
lowing definitions of disc bulge, disc herniation, and loca-
tion are based upon these 2014 lumbar disc nomenclature
recommendations.

Disc bulge refers to a broad-based extension of the disc
beyond the margins of the adjacent vertebral endplates. By
definition, more than 90° of the disc’s circumference must
extend beyond the margins of the vertebral endplates to be
considered a disc bulge. When extending posteriorly into
the spinal canal, disc bulges can project equally into the
right and left halves of the spinal canal, termed symmetric.
Alternatively, the disc bulge can be asymmetric, extending
either more towards the right or left of the spinal canal (Fig-
ure 10). Anatomically, disc bulges contain only the annulus
fibrosus.

In contrast, disc herniation refers to more focal extension
of the disc, affecting less than 90° of the circumference of the
intervertebral disc beyond its normal confines. Disc hernia-
tions result from a tear in the annulus fibrosus allowing the
nucleus pulposus to project into the defect. As opposed to
disc bulges, herniations are more likely to cause symptoms
because they typically extend further from the native disc to
contact and irritate the spinal cord or nerve roots.

Disc herniations can be subdivided by their morphol-
ogy into disc protrusions or disc extrusions. A disc pro-
trusion is a broad-based herniation in which the width of
the base is larger than any other part of the herniation
(Figure 11). A disc extrusion is a herniation in which the
width of the base is narrower than the remaining herniation
in any plane (Figure 12A). This stalk-like attachment of the
disc extrusion to the disc of origin may allow for superior
or inferior extension of the herniation within the spinal
canal, termed cranial or caudal migration, respectively. If
the attachment of a disc extrusion with the disc of origin
is disrupted, the result is a disc sequestration (Figure 12B).
Disc sequestration therefore results in a free fragment of in-

Magnetic resonance imaging of the spine

Figure 10. Disc bulge — axial T2W magnetic resonance image through
the L2-L3 intervertebral disc demonstrates asymmetric right-sided disc
bulge (arrow). This disc bulge results in mild narrowing of the right subar-
ticular recess (arrowhead)

tervertebral disc within the spinal canal, separate from the
disc of origin. Disc sequestrations may also demonstrate
cranial or caudal migration in the spinal canal. It is crucial
for the radiologist to detect and describe the location of
these free intervertebral disc fragments because they may
go undetected during surgical intervention.

Schmorl nodes also represent a different type of disc
herniation. Also termed intervertebral disc herniations,
these disc herniations project superiorly or inferiorly
through the vertebral endplate into the adjacent vertebral
body. Schmorl nodes are often asymptomatic but may be
associated with pain during the acute phase of development.
Incidentally detected Schmorl nodes typically demonstrate
T1W and T2W signal characteristics similar to those of the
disc of origin with thin rim of low T1W and T2W hypo-

£

Figure 11. Disc protrusion — axial (A) and sagittal (B) magnetic resonance T2W images of the lumbar spine show a central disc protrusion (black arrowheads)

with annular fissure at L4-L5

© Pol J Radiol 2020; 85: e550-e574
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Figure 12. Disc extrusion — sagittal T2W (A) magnetic resonance (MR) image of the lumbar spine demonstrates a disc extrusion with cranial migration at
L4-L5 (white arrowhead). There is also disc desiccation at L5-S1. Sagittal T2W (B) MR image of the lumbar spine in a different patient shows a large disc
extrusion with cranial migration of a free fragment at L4-L5 (arrow), confirmed to represent disc sequestration at surgery. In addition, there is a small disc

extrusion with cranial migration and annular fissure at L5-S1

v

Figure 13. Acute schmorl node — sagittal T2W (A) and postcontrast T1W fat suppressed (B) magnetic resonance images of the lumbar spine demonstrate
hyperintense and contrast-enhancing intervertebral disc herniation involving the L3 superior endplate with surrounding bone marrow oedema (arrows),
compatible with an acute Schmorl node. Incidental vertebral body haemangioma is present at L5 (arrowheads)

intensity corresponding to osseous sclerosis. However, in
the acute phase, the intervertebral herniation may demon-
strate internal or peripheral contrast enhancement and T2W
hyperintensity with surrounding marrow oedema, confus-

ing them for an aggressive osseous lesion (Figure 13) [25].
Schmorl nodes are best diagnosed on sagittal imaging as the
continuity of the intervertebral disc herniation for which the
adjacent disc of origin can be established.

e558
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Spine location reporting

The location of a lumbar disc herniation determines
which cauda equina nerve root(s) may be impinged upon.
With respect to a transverse plane through the interver-
tebral disc, the location of lesions within the spinal canal
can be described from medial to lateral as occupying the
central, subarticular, foraminal, or extraforaminal zones
(Figure 14A) [26]. The central zone is the medial aspect of
the spinal canal situated between the medial margins of the
facet joints. Central disc herniations can be perfectly mid-
line or slightly off centre to the right or left, termed either
right or left central herniations, respectively. Central her-
niations result in varying degrees of spinal canal stenosis,
narrowing of the thecal sac, and posterior mass effect upon
the cauda equina nerve roots; however, they infrequently
impinge upon a single nerve root.

The subarticular zone is lateral to the central zone
of the spinal canal directly anterior to the facet joint,
bounded medially by the medial margin of the facet joint
and laterally by the medial cortex of the pedicle. This lat-
eral aspect of the spinal canal, termed the subarticular or
lateral recess, is occupied by the transiting cauda equina
nerve roots, which then exit the next more caudal neural
foramen (e.g. the L4 nerve root transits through the L3-L4
subarticular recess and exits the L4-L5 neural foramen).
As such, subarticular disc herniations may impinge upon
these transiting nerve roots resulting in a radiculopathy of
the level inferior to the intervertebral disc level (e.g. L3-L4
subarticular disc herniation impinges upon the L4 nerve
root resulting in L4 radiculopathy).

Lateral to the subarticular zone is the foraminal zone.
Foraminal disc herniations project into the lumbar neural
foramina, which are situated below the pedicle, anterior
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to the inferior articular pillar, and posterior to the infero-
lateral aspect of the vertebral body and adjacent interver-
tebral disc. Foraminal disc herniations can impinge upon
the exiting nerve roots occupying the neural foramina. In
contrast to subarticular disc extrusions, impingement of
these nerve roots results in a radiculopathy of the level su-
perior to the intervertebral disc level (e.g. L3-L4 foraminal
disc herniation impinges upon the exiting L3 nerve roots,
resulting in L3 radiculopathy).

Finally, the extraforaminal zone is situated lateral to
the foraminal zone. Extraforaminal disc herniations proj-
ect lateral to the neural foramina, and therefore lateral to
the pedicle. These herniations also may impinge upon the
nerves that have exited the adjacent neural foramen and
will therefore result in a radiculopathy similar to a forami-
nal disc herniation at the same level (e.g. L3-L4 extrafo-
raminal disc herniation impinges upon the recently exited
L3 nerve, resulting in L3 radiculopathy).

In addition, lesions within the spinal canal can be de-
scribed in their craniocaudal location with respect to the
intervertebral disc and pedicle from inferior to superior as
within the discal, infrapedicular, pedicular, or suprapedicular
zones (Figure 14B). Along with length measurements, the cra-
niocaudal location and extent of a disc extrusion or sequestra-
tion with or without migration can be described using these
zones. This classification is best defined on sagittal imaging.

Facet and uncovertebral joint arthrosis

The facet joints, also known as zygapophyseal joints,
are paired synovial joints between the articular processes
of two adjacent vertebrae at each mobile spine segment.
These joints facilitate, but also limit, motion at each spinal
motion segment to protect the spine from excessive flex-

Figure 14. Spine location reporting — axial T2W (A) magnetic resonance (MR) image through the L3-L4 intervertebral disc with locations partitioned into
zones based on the medial margins of the facet joints, medial cortices of the pedicles, and lateral cortices of the pedicles from medial to lateral: central
zone — (Z, subarticular zone — SZ, foraminal zone — FZ, and extraforaminal zone — EFZ. Sagittal T2ZW (B) MR image of the lower lumbar spine with locations
partitioned into zones based on the margins of the disc, inferior cortices of the pedicles, and superior margins of the pedicles from inferior to superior: discal
zone — DZ, infrapedicular zone — IPZ, pedicular zone — PZ, and suprapedicular zone — SPZ
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ion, extension, anterior translation, and rotation. The un-
covertebral joints, also known as Luschka joints, are paired
synovial joints along the posterolateral margins of the inter-
vertebral discs at the lower five cervical intervertebral disc
levels (e.g. C2-C3 through C6-C7). These joints are formed
by the superiorly projecting uncinate processes along the
posterolateral margins of the vertebral body with the pos-
terolateral margins of the adjacent cranial vertebral body
and form a portion of the anteromedial wall of the neural
foramen [27]. Uncovertebral joints guide flexion and exten-
sion of the cervical spine and limit lateral flexion. They also
result in a physical barrier to prevent disc herniation into
the cervical neural foramina.

Similar to the remaining synovial joints of the body,
facet joints and uncovertebral joints may undergo degenera-
tive changes associated with repetitive mechanical stress and
aging, often in conjunction with disc degeneration. Facet
arthrosis is indicated on MRI by variable degrees of joint
space narrowing, articular surface irregularity, subarticular
erosions or cyst-like changes, marginal osteophytosis, and/
or facet hypertrophy (Figure 15) [28]. Osseous overgrowth
and osteophytosis from facet arthrosis, and uncovertebral
arthrosis in the cervical spine, result in narrowing of the
adjacent neural foramen, which may be quantified on MRI
(Figure 16). The normal synovial fluid within the facet joints
is not visualised or only barely perceptible on MRI. Facet
joint effusions constitute an increase in the amount of T2W
hyperintense fluid within the widened joint space and are
indicative of an abnormal greater degree of allowable mo-
tion of the facet joint [29]. Post-gadolinium enhancement
of the joint and adjacent marrow indicates synovitis in the
setting of facet arthrosis [30]. In addition, facet arthrosis is
often associated with thickening and redundancy of the un-
derlying ligamentum flavum, most commonly in the lum-
bar spine. Ligamentum flavum thickening appears as an
increase in width of the T2W hypointense signal along the
posterolateral margins of the spinal canal.

Synovial cyst

Synovial cysts are encapsulated herniations of syno-
vial fluid from degenerated facet joints outside of the joint
space. These cysts are most frequently encountered in the
lumbar spine, but they can occur at any facet joint. When
the cysts extend anteriorly from the facet joint into the spi-
nal canal, they may result in subarticular recess or spinal
canal stenosis. In the lumbar spine, synovial cysts occupy-
ing the subarticular recess may impinge upon the transiting
cauda equina nerve roots, which exit at the next most cau-
dal neural foramen (e.g. L4-L5 synovial cyst impinges upon
the L5 nerve root within the L4-L5 subarticular recess).

On MRI, synovial cysts are typically T2W hyperin-
tense with a hypointense periphery immediately adjacent
to the facet joint in the posterolateral aspects of the spinal
canal (Figure 17) [31]. In the setting of prior haemor-
rhage, the cystic contents may demonstrate variable TIW

Figure15. Facet arthrosis — axial T2W magnetic resonance image at the
(4-C5 level demonstrates left facet hypertrophy (arrow) resulting in severe
narrowing of the left C4-C5 neural foramen (arrowhead)

Figure 16. Uncovertebral joint arthrosis — axial T2 gradient-recalled echo
magnetic resonance image at the (5-C6 level demonstrates left uncovertebral
joint hypertrophy (arrowhead) contributing to left neural foraminal stenosis

Figure 17. Synovial cyst — axial T2W magnetic resonance image at L4-L5
demonstrates a small hyperintense cystic lesion with hypointense rim adja-
cent to the right L4—L5 facet joint, compatible with a synovial cyst (arrow).
The synovial cyst impinges upon the right L5 nerve root traveling through
the subarticular recess (arrowhead)

and T2W signal characteristics [32]. Signal void and sus-
ceptibility within the cyst corresponding to gas is pathog-
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nomonic for a synovial cyst because it indicates continuity
with the vacuum joint phenomenon of the adjacent facet
joint. On post-gadolinium T1W imaging, synovial cysts
demonstrate a variable degree of peripheral enhancement,
and they are often associated with additional findings of
facet arthrosis and joint effusion.

Spinal canal, subarticular recess,
and neural foraminal narrowing

Aside from providing the mechanical functions of
structural support for upright posture and flexible motion,
the spine provides protection for the spinal cord and nerve
roots. The spinal canal is the cavity within the vertebral
column that contains the spinal cord, conus medullaris,
and cauda equina nerve roots. The shape of the spinal ca-
nal varies, given the differences in anatomic configuration
of the cervical, thoracic, and lumbar vertebrae; however,
the boundaries of the spinal canal are relatively unchanged
throughout the spine. The anterior margin of the spinal
canal is created by the posterior margins of the vertebral
body, intervertebral discs, and posterior longitudinal liga-
ment. The posterior margin of the spinal canal is formed
by the facet joints, laminae, and ligamentum flavum.
The bilateral paired neural foramina allow for transit of the
exiting nerve roots at each intervertebral level.

Degenerative changes of the spine may encroach upon
the spinal canal or neural foramina and damage the spinal
cord or nerve roots. There are many methods for quantify-
ing spinal canal stenosis and spinal cord impingement us-
ing canal dimensions, cross-sectional area, and dimensional
ratios [33]. Many of these methods are time-consuming and
not practical for clinical application, but they may be em-
ployed in the future with the aid of computer automation.
The average cervical spinal canal sagittal diameter on MRI
is approximately 13.7-14.1 mm [34,35]. A cervical spinal
canal sagittal diameter of < 13 mm is considered relatively
narrowed, and < 10 mm as absolutely narrowed, based on
measurements obtained from cervical spine radiographs
with correlation of myelopathy symptoms [36]. MRI has the
advantage over radiographs of detecting contributions from
soft tissue structures narrowing of the thecal sac, such as disc
herniations and ligamentum flavum thickening. Narrowing
of the cervical thecal sac of < 8 mm measured on midsagittal
T2W images at the intervertebral disc level is associated with
a higher likelihood of cervical spinal cord injury following
minor trauma [37]. The average sagittal lumbar spinal canal
diameter and thecal sac diameter on MRI is approximately
16.9-18.7 mm and 12.9-15.3 mm, respectively [38]. In clini-
cal practice, a midsagittal diameter of the lumbar thecal sac
on MRI of < 12 mm is considered stenotic [39].

For reporting purposes, a method for quantifying the
degree of spinal canal compromise must be simple, ob-
jective, reproducible, and clinically relevant. One such
method involves measuring the cross-sectional area in the
transverse plane on axial images at the sites of most severe
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compromise and comparing these measurements to the
expected normal canal dimensions. The degree of spinal
canal compromise is then assigned the designation of mild,
moderate, or severe narrowing if the narrowing constitutes
less than one-third, greater than one-third but less than
two-thirds, and greater than two-thirds of the spinal canal,
respectively. An additional qualitative grading of lumbar
spine stenosis is performed by assessing the degree of cauda
equina nerve root aggregation [40]. In this method, mild
stenosis is present if there is narrowing of the thecal sac, but
separation of the cauda equina nerve roots. Moderate ste-
nosis exists when there is some aggregation of cauda equina
nerve roots. Severe stenosis is defined by lack of separation
of the cauda equina nerve roots.

In addition to the degree of spinal canal compromise,
degenerative changes of the spine may contact, result in
mass effect upon, or impinge the spinal cord or nerve
roots. In the cervical and thoracic spine, posterior disc-os-
teophyte complexes or disc herniations may result in less
than severe spinal canal stenosis, but they can impinge
upon the spinal cord resulting in myelopathy. In the lum-
bar spine, severe spinal canal stenosis impinges upon the
cauda equina nerve roots, resulting in cauda equina syn-
drome. This condition results in low back pain, lower ex-
tremity weakness, bilateral lower extremity radiculopathy,
loss of bowel and bladder function, saddle anaesthesia,
sexual dysfunction, and loss of lower extremity reflexes.

It is also crucial to detect and describe any associated
spinal cord signal changes, because increased T2W signal
intensity within the spinal cord suggests cord oedema or
myelomalacia. Both cord oedema and myelomalacia will
show increased T2W signal intensity within the spinal cord.
Spinal cord oedema is an acute process with increased wa-
ter content resulting in expansion of the cord volume with
T2W hyperintensity often demonstrating ill-defined margins
(Figure 18A). Whereas myelomalacia is irreversible damage
resulting in gliosis with decreased spinal cord volume, of-
ten with discrete margins of the T2W hyperintensity (Fig-
ure 18B). When the signal abnormality is confined to the
central grey matter, myelomalacia may result in a snake-eye
appearance on axial images [41]. In the setting of severe spi-
nal canal compromise resulting in severe compression of the
spinal cord, the differentiation of cord oedema from myelo-
malacia may be impossible on imaging. Both cord oedema
and myelomalacia may result in the clinical syndrome of
myelopathy, a constellation of symptoms and signs includ-
ing weakness, stiffness, pain, unsteady gait, hyperreflexia,
and numbness affecting different portions of the body based
upon the involved spinal cord level.

A similar scheme for mild, moderate, and severe steno-
sis can be used for neural foraminal narrowing throughout
the spine or subarticular recess narrowing for the lumbar
spine. In the lumbar and thoracic spine, sagittal T2W im-
aging displays the cross-section of the neural foramina
and is thus the best view for quantifying neural foraminal
compromise (Figure 19A). The lumbar neural foramina
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Figure 18. Severe spinal canal narrowing, cord oedema, and myelomalacia — sagittal T2W (A) magnetic resonance (MR) image of the cervical spine demon-
strates a large (3-C4 disc extrusion with cranial migration, resulting in severe spinal canal narrowing with hyperintense signal in the impinged spinal cord
(arrow). The ill-definition of the spinal cord hyperintensity suggests cord oedema over myelomalacia. Sagittal short-tau inversion recovery (B) MR image
of the cervical spine in a different patient shows multilevel severe spinal canal narrowing secondary to posterior disc-osteophyte complexes with resultant
multilevel hyperintensity within the underlying spinal cord (arrowheads). The well-defined and central location of the spinal cord signal abnormality
suggests myelomalacia over spinal cord oedema

Figure 19. Severe neural foraminal and subarticular recess narrowing — sagittal T2W (A) magnetic resonance (MR) image of the lumbar spine demonstrates
complete effacement of normal fat signal in the right L4-L5 neural foramen from a combination of disc bulge, facet hypertrophy, and ligamentum flavum
thickening which impinges upon the exiting L4 nerve root (white arrow). Note the normal keyhole configuration of the remaining lumbar neural foramina with
fat surrounding the exiting nerve roots. Axial T2W (B) MR image through the L3-L4 intervertebral disc in another patient demonstrates a right subarticular
disc herniation which effaces the right subarticular recess (white arrowhead) without clear delineation of the traversing right L4 nerve root. Axial T2W (C) MR
image through the L4-L5 intervertebral disc in a different patient demonstrates a right extraforaminal zone disc herniation contacting the adjacent right
L4 nerve (black arrow). Note the normal left L4 nerve in the left extraforaminal zone (black arrowhead)
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normally appear as a keyhole configuration with nerve
roots occupying the wider superior aspect of the foramen.
In the cervical spine, the neural foramina are oriented in
an oblique direction extending posteromedial to anterolat-
eral, approximately 45° from the true sagittal and coronal
planes. As such, axial T2W imaging gives a better approx-
imation of neural foraminal stenosis than sagittal T2W
imaging in the cervical spine. Acquiring bilateral sagittal
oblique T2W imaging perpendicular to the oblique axis of
the cervical neural foramina allows for viewing the cross-
sectional area of the foramina, similar to sagittal T2W im-
aging of the lumbar spine, and it gives the most accurate
view to evaluate neural foraminal stenosis in the cervical
spine [42].

Severe neural foraminal narrowing impinges upon
the exiting nerve root. Damage to the exiting nerve root
causes radiculopathy, resulting in pain along the derma-
tome supplied by the nerve root, muscle weakness, and
sensory loss. In the cervical spine, the exiting nerve root
corresponds to the more caudal segment at the interverte-
bral disc level (e.g. the C5 nerve root exits the C4-C5 neu-
ral foramen). The exception is the C8 nerve roots, which
exit through the C7-T1 neural foramina. In the remaining
thoracic and lumbar spine, the exiting nerve roots cor-
respond to the more cranial segment at the intervertebral
disc level (e.g. the L4 nerve root exits the L4-L5 neural
foramen). In the lumbar spine, narrowing of the subar-
ticular recess may also result in radiculopathy of the tran-
siting nerve root (Figure 19B). The subarticular recess is
occupied by the transiting nerve root, which exits the next
more caudal neural foramen (e.g. L3 nerve root transits
through the L2-L3 subarticular recess and exits the L3-L4
neural foramen). Finally, disc bulges and herniations can
extend laterally into the extraforaminal zones to contact
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the exiting nerves (Figure 19C). These extraforaminal disc
herniations can result in a radiculopathy similar to a fo-
raminal disc extrusion at the same level (e.g. L3-14 ex-
traforaminal disc herniation contacts the L3 nerve root).

Spondylolysis and spondylolisthesis

Spondylolysis (e.g. pars interarticularis defects) are
stress fractures of the pars interarticularis, typically occur-
ring in the lower lumbar spine. Although many patients
may be asymptomatic, these defects may cause focal pain,
particularly during activity or extension. MRI may demon-
strate the osseous defects of the pars interarticularis, bone
marrow oedema, and/or increased sagittal dimension of
the spinal canal due to distraction of the posterior elements
(Figure 20A) [43]. In addition, spondylolysis may cause
malalignment of the spine in which the affected vertebra
is anteriorly displaced with respect to the adjacent caudal
vertebral segment, termed isthmic spondylolisthesis. These
findings are best visualised on sagittal sequences.

In the medical literature, the accuracy of MRI for the
diagnosis of spondylolysis is wide-ranging, from 36 to 97%
[44,45]. This variation is probably multifactorial. When
compared to CT, MRI is less sensitive for the detection of
abnormalities in cortical bone, leading to false negative ex-
ams. False positive exams are probably a consequence of
thinning of the pars interarticularis, osseous sclerosis, or
partial volume averaging of adjacent marginal osteophytes
in the setting of facet arthrosis [46]. Bone scintigraphy with
single photon emission computed tomography (SPECT)
fused with CT is the most sensitive study for the detection
of symptomatic spondylolysis. The CT portion of the exam
detects the osseous defects within the pars interarticularis,
while single-photon emission computed tomography iden-

Figure 20. Spondylolysis and spondylolisthesis — sagittal TTW (A) magnetic resonance (MR) image of the lower lumbar spine through the neural foramina
demonstrates discontinuity of the L5 pars interarticularis (black arrows), consistent with spondylolysis. Anterolisthesis of L5 on S1 with loss of intervertebral
disc height results in severe neural foraminal narrowing with impingement upon the exiting L5 nerve root (arrowhead). Sagittal TTW (B) MR image of the
lower lumbar spine through the midline demonstrates grade IV anterolisthesis of L5 on S1. The Meyerding grade of lumbar anterolisthesis is established
by comparing the location of the inferoposterior margin of the L5 vertebral body with respect to the superior endplate of S1, which is divided into quarters
(labels). Facet hypertrophy and ligamentum flavum thickening results in severe spinal canal narrowing (white arrows)
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tifies the physiological result of increased bone turnover at
the site of stress fracture [47].

Aside from malalignment caused by spondylolysis,
spondylolisthesis may be a consequence of facet arthrosis
and subsequent loss of the normal motion-limiting func-
tion of the facet joints, termed degenerative spondylolis-
thesis. Spondylolisthesis can be classified by the direction
in which the more cranial vertebral segment is translated
in reference to the adjacent caudal vertebral segment into
anterolisthesis, retrolisthesis, and laterolisthesis. The Mey-
erding classification is a severity grading of lumbar spine
anterolisthesis defined by the degree of slippage of the pos-
terior margin of the inferior endplate of the translated ver-
tebral body with respect to the adjacent caudal vertebra’s
superior endplate, which is subdivided into four quarters
(Figure 20B) [48]. The Meyerding grade is then defined by
the percentage of uncovering of the superior endplate, as
follows: Grade I 0-25%, grade IT 26-50%, grade III 51-75%,
grade IV 75-100%, and grade V > 100% with complete
uncovering to the superior endplate (e.g. spondyloptosis).
Although a similar grading system could be employed for
cervical spondylolisthesis or lumbar retrolisthesis, a direct
length measurement of the spondylolisthesis and resultant
degree of spinal canal stenosis gives more useful informa-
tion to clinicians. For instance, even a grade I anterolis-
thesis at C6-C7 potentially results in severe spinal canal
narrowing and spinal cord impingement. The degree of
spondylolisthesis is measured from the posterior margin

Figure 21. Baastrup syndrome and intraspinal posterior epidural cyst —
sagittal short-tau inversion recovery magnetic resonance image of the
lumbar spine shows thin hyperintense bursal fluid in the L3-L4 and L4-L5
interspinous spaces (white arrowheads) and L4 spinous process subcortical
cyst-like changes (arrow), findings compatible with Baastrup syndrome.
In addition, there is a hyperintense cystic lesion in the posterior midline
spinal canal anterior to the L3-L4 interspinous space (black arrowhead),
consistent with an intraspinal posterior epidural cyst

of the cranial vertebral body with respect to the posterior
margin of the adjacent caudal vertebral body, where more
than 3 mm of degenerative anterolisthesis in the cervical
spine is considered abnormal [49].

Baastrup syndrome and intraspinal posterior
epidural cyst

Baastrup syndrome (e.g. kissing spine syndrome) is
a painful condition resulting from contact between ad-
jacent spinous processes of the lumbar spine with sub-
sequent pseudo-articulations and degenerative changes.
This condition causes focal midline pain that is relieved
with flexion and accentuated by extension. On MRI, Baas-
trup syndrome is suggested by hypertrophy of the lumbar
spinous processes, contact between these spinous pro-
cesses, T2 hyperintense bursal fluid between the spinous
processes, irregularity and sclerosis of the affected osseous
cortex, and bone marrow oedema underlying the pseudo-
articulations (Figure 21) [50].

A potential complication of Baastrup syndrome is the
development of an intraspinal posterior epidural cyst.

This cyst is an anterior extension of bursa formation
between the lumbar spinous processes, which results in
a mass effect upon the posterior epidural space and variable
degrees of spinal canal stenosis [51]. Unlike synovial cysts,
which extend from the adjacent facet joint into the postero-
lateral aspect of the spinal canal, intraspinal posterior epi-
dural cysts project into the midline posterior epidural space.

Spine infection

Acute pyogenic spondylodiscitis

To recognise the MRI characteristics of acute pyogenic
spondylodiscitis (e.g. discitis-osteomyelitis), it is important
to understand the underlying pathophysiology of this infec-
tious process. The intervertebral discs do not have a direct
blood supply and rely on the rich end arteries within the
metaphyseal regions underlying the vertebral endplates to
obtain nutrients [52]. These end arteries of the metaphyseal
arcade along the vertebral endplates are the site of haematog-
enous seeding of bacteria from septic microthrombi during
states of bacteraemia. Following the initial vertebral endplate
osteomyelitis, the proteolytic enzymes produced by bacteria
allow infection to spread contiguously into the adjacent in-
tervertebral disc and eventually to the contralateral vertebral
endplate, resulting in both discitis and osteomyelitis [53].

The earliest MRI findings of acute pyogenic spondylo-
discitis are bone marrow signal changes and destruction of
a single vertebral endplate [54]. The cortex of the vertebral
endplate appears as a thin dark edge on TIW and T2W im-
aging. In the setting of osteomyelitis, loss of this dark edge
is indicative of cortical destruction. Bone marrow inflam-
mation results in T1W hypointensity, with marrow having
signal less than adjacent muscle T1W signal intensity, along
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Figure 22. Acute pyogenic spondylodiscitis — sagittal short-tau inversion recovery (STIR) (A) and TTW post-contrast fat-suppressed (B) magnetic resonance
images of the lumbar spine demonstrate STIR hyperintensity within the T11-T12 intervertebral disc (black arrow) with adjacent bone marrow oedema and
prevertebral inflammatory changes (white arrowheads) in this case of acute pyogenic spondylodiscitis

Figure 23. Acute pyogenic spondylodiscitis (two months later) — sagittal short-tau inversion recovery (A) and TTW post-contrast fat-suppressed (B) mag-
netic resonance (MR) images of the lumbar spine of the same patient in Figure 22 show loss of intervertebral disc height and endplate destruction (black
arrowhead) at T11-T12 with increase in bone marrow oedema (white arrows) as this infection progresses two months after the MR imaging in Figure 22
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Figure 24. Positive diffusion claw sign — sagittal diffusion trace (A) and short-tau inversion recovery (B) magnetic resonance images of the lumbar spine
show well-defined linear diffusion hyperintensity (arrowheads) along the margins of bone marrow short-tau inversion recovery hyperintensity along
the anterior aspect of the L1-L2 intervertebral disc, compatible with positive diffusion claw sign associated with Modic type | degenerative marrow changes

7

Figure 25. Negative diffusion claw sign — sagittal diffusion trace (A) and short-tau inversion recovery (STIR) (B) magnetic resonance images of the lumbar
spine demonstrate ill-defined marrow diffusion hyperintensity (white arrows) with corresponding STIR hyperintensity about the L5-S1 intervertebral disc,
compatible with a negative claw sign. There is STIR hyperintensity and collapse of the L5-S1 intervertebral disc with adjacent endplate destruction in this

case of acute pyogenic spondylodiscitis
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Figure 26. Imaging psoas sign — axial T2W (A) magnetic resonance (MR) image through the lower lumbar spine demonstrates hyperintensity within
the medial aspect of the right psoas muscle adjacent to the L4-L5 intervertebral disc (arrowheads), compatible with the imaging psoas sign in this case
of L4-L5 acute pyogenic spondylodiscitis. Axial TTW post-contrast fat-suppressed (B) MR image at the same level shows similar inflammatory enhancement

within the right psoas muscle (arrow) and enhancing bone marrow oedema

with T2W hyperintensity and post-gadolinium enhance-
ment. Additional early MRI findings include inflammatory
enhancement and T2W hyperintensity within the paraver-
tebral soft tissues or epidural space. As infection progresses,
MRI findings of both discitis and osteomyelitis affecting the
intervertebral disc and both adjacent vertebral endplates
will exist. Concomitant discitis results in T2W hyperinten-
sity, similar to water signal intensity, with post-gadolinium
enhancement (Figure 22). As proteolytic enzymes break
down the intervertebral disc, loss of intervertebral disc
height occurs (Figure 23). The imaging findings with the
highest sensitivity for pyogenic spondylodiscitis include
the presence of paraspinal or epidural inflammation, fluid
signal within the intervertebral disc, and vertebral end-
plate erosion [55]. These MRI findings can be accentuated
by utilising fat suppression sequences, such as short-tau
inversion recovery (STIR) or TIW post-gadolinium with
chemical fat saturation.

Rim-enhancing T2W hyperintense fluid collections
within the intervertebral disc, adjacent paraspinal soft tis-
sues, or in the epidural space, correspond to abscess for-
mation. Diffusion-weighted imaging (DWI) is also helpful
in the detection of abscesses because the purulent material
within the abscess restricts the free diffusion of water mol-
ecules, resulting in high diffusion trace and low apparent
diffusion coefficient (ADC) map signal intensity [56]. DWI
is particularly useful in helping to detect abscesses when
post-gadolinium T1W imaging cannot be performed, such
as in patients with end-stage renal disease.

Acute pyogenic spondylodiscitis can have a similar
MRI appearance to degenerative disc disease with Modic
type I degenerative marrow signal changes. The claw sign
on sagittal DWI can be helpful in differentiating pyogenic
spondylodiscitis from Modic type I degenerative changes
[57]. A positive claw sign in which there is a discrete edge
of diffusion hyperintensity involving the peripheral region

of bone marrow oedema is consistent with Modic type I de-
generative endplate changes (Figure 24). Whereas a negative
claw sign, in which there are diffuse and ill-defined margins
of diffusion hyperintensity within the corresponding bone
marrow signal abnormality, corresponds to discitis-osteo-
myelitis (Figure 25). In addition, the imaging psoas sign,
T2W hyperintensity within the adjacent psoas muscula-
ture, corresponds to focal myositis, resulting from contigu-
ous spread of infection, and is highly specific for adjacent
spondylodiscitis (Figure 26) [58].

Epidural abscess

Spinal epidural abscess is a life-threatening infection
of the epidural space resulting in a purulent collection that
may result in mechanical compression or vascular com-
promise of the spinal cord or cauda equina. The infection
is most commonly pyogenic, typically caused by Staphylo-
coccus aureus followed by coagulase-negative staphylococ-
ci(e.g. S. epidermidis), Escherichia coli, and Pseudomonas
aeruginosa, but it may also be mycobacterial, fungal, or
parasitic in aetiology [59]. Spinal epidural abscesses may
be caused by direct inoculation during recent surgery or
spinal intervention, contiguous spread from concomitant
discitis-osteomyelitis, or haematogenous spread.

MRI is the most effective imaging modality for the de-
tection of spinal epidural phlegmon and abscess. Epidural
phlegmon corresponds to mass-like epidural inflammatory
tissue without discernible drainable purulent material. On
MR, epidural phlegmon is characterised by homogeneous
or mildly heterogenous enhancement and T2W hyperin-
tense material in the epidural space. In comparison, epidural
abscess appears as peripherally enhancing T2 hyperintense
fluid collection(s) within the epidural space (Figure 27).
The non-enhancing purulent material will also demonstrate
restricted diffusion on diffusion-weighted imaging. It is im-
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Figure 27. Epidural abscess — sagittal short-tau inversion recovery (STIR) (A), axial TTW post-contrast fat-suppressed (B), and axial T2 gradient-recalled
echo (C) magnetic resonance images of the cervical spine demonstrate an anterior epidural fluid collection (arrowheads) with mildly hypointense STIR
signal intensity with respect to cerebrospinal fluid and peripheral enhancement, compatible with epidural abscess. This abscess results in posterior mass

effect upon the cervical spinal cord (arrows)

perative to document abscess length, enhancement pattern,
degree of resultant spinal canal stenosis, mass effect upon
the thecal sac and spinal cord, and presence or absence of
spinal cord oedema, because these factors may be used for
prognostication [60]. The MRI findings of inciting discitis-
osteomyelitis or septic facet arthritis may also be present.

Tuberculous spondylodiscitis

Spinal tuberculosis (e.g. tuberculous spondylodiscitis,
Pott disease) is a common form of extrapulmonary osseous
tuberculosis in which the vertebrae are infected with Myco-
bacterium tuberculosis. The infection is typically a result of
hematogenous spread but may occur from contiguous or
lymphatic spread from the adjacent lungs and pleura [61].
Hematogenous spread can occur by the arterial route or
through the valve-less Batson paravertebral venous plexus.
As M. tuberculosis lacks the proteolytic enzymes respon-
sible for early discogenic infection in acute pyogenic spon-
dylodiscitis, early spinal tuberculosis often spares the inter-

vertebral disc. Spread of infection to contiguous vertebral
bodies results from either further haematogenous spread
through Batson paravertebral venous plexus or subligamen-
tous spread, in which infection spreads deep to the ALL
along the anterior margins of the vertebral bodies and in-
tervertebral discs. Hematogenous spread through the valve-
less veins of the venous plexus of Batson may also result in
spinal osteomyelitis involving non-contiguous vertebrae.
On MR, spinal tuberculosis first results in vertebral
body osteomyelitis, with T1W hypointensity, T2W/STIR
hyperintensity, and post-gadolinium enhancement within
the vertebral marrow (Figure 28A). The osteomyelitis may
be solitary or multifocal, with multifocal infection involving
contiguous or non-contiguous vertebral segments. The in-
tervertebral disc may be spared in single vertebral involve-
ment [62]. However, if contiguous vertebral segments are
involved, resultant loss of nutrients to the intervertebral
disc may result in necrosis with disc collapse. Vertebral os-
teomyelitis may also lead to vertebral body collapse, result-
ing in vertebra plana or anterior compression deformity.
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Magnetic resonance imaging of the spine

Figure 28. Tuberculous spondylodiscitis — sagittal TTW post-contrast fat-suppressed (A) magnetic resonance (MR) image of the lumbar spine demonstrates
osteomyelitis of the L2 vertebral body with partial collapse of the superior endplate and extensive adjacent epidural phlegmon (white arrowheads) in this patient
with spinal tuberculosis. The adjacent intervertebral discs do not exhibit inflammatory changes (white arrows), a finding more frequently encountered in spinal
tuberculosis as opposed to pyogenic spondylodiscitis. Axial TTW post-contrast fat-suppressed (B) MR image through the L2 vertebra shows a well-defined rim-en-
hancing collection extending into the right psoas muscle without significant adjacent inflammatory changes consistent with cold abscess (black arrow). Sagittal
short-tau inversion recovery (C) MR image of the thoracolumbar spine in a different patient demonstrates multilevel severe anterior wedge compression deform-
ities of the thoracolumbar junction with resultant severe focal kyphosis compatible with gibbus deformity in this patient with history of prior spinal tuberculosis

Spinal tuberculosis is frequently associated with thin-
walled rim-enhancing fluid collections within the adjacent
prevertebral, paraspinal, or epidural spaces (Figure 28B).
These cold abscesses are infected fluid collections that lack
the robust peripheral inflammatory stranding typical for
pyogenic abscesses. Subligamentous spread of infection
appears as inflammatory changes or rim-enhancing fluid
collections tracking in the craniocaudal direction between
the ALL and anterior margins of the vertebral bodies and
intervertebral discs.

MRI findings that differentiate tuberculous spondy-
lodiscitis from pyogenic spondylodiscitis include well-
defined paraspinal abnormal signal, thin and smooth
abscess walls, subligamentous spread of more than three
vertebral levels, involvement of multiple vertebral bod-
ies, and thoracic spine involvement [63]. It is also more
common to have severe vertebral destruction, epidural
abscess, and meningeal enhancement associated with
tuberculous spondylodiscitis [64]. Tuberculous spondy-
lodiscitis is a common cause of gibbus deformity, a se-

vere focal kyphosis resulting from anterior compression
deformities of one or more vertebral bodies, typically at
the thoracolumbar junction, which may compromise the
spinal canal (Figure 28C).

Septic facet arthritis

The facet or zygapophysial joints of the spine are
paired synovial joints between the articular processes of
adjacent vertebrae that guide and limit spinal motion.
Septic facet arthritis results from bacterial or fungal in-
fection of the facet joint resulting from either direct in-
oculation, such as in the setting of therapeutic facet joint
injections, or haematogenous spread [65]. Septic facet
arthritis is typically unilateral; however, infection can oc-
casionally spread to the contralateral facet joint through
the retrodural space of Okada [66].

There is a lot of overlap between the imaging findings
of septic facet arthritis and active synovitis associated with
degenerative facet arthrosis, including joint effusions,
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enhancement of the synovial lining of the joint, articu-
lar surface erosions, subchondral marrow oedema, and
periarticular inflammation (Figure 29) [67]. Therefore,
correlation with patient history, clinical evaluation, and
serum inflammatory markers are helpful in suggesting the
diagnosis of septic facet arthritis. Restricted diftusion of
the facet effusions would confirm purulent material occu-
pying the joint space in the setting of septic facet arthritis.
Adjacent posterior epidural inflammatory changes, epi-
dural abscess, or paraspinal abscess are also findings that
suggest septic facet arthritis as opposed to facet arthrosis.

Insufficiency and pathologic fractures

Stress fractures occur when there is an imbalance be-
tween the mechanical load and the strength of the osseous
architecture. Fatigue fractures are a type of stress fracture
that occurs when the osseous architecture of the bone is
normal, but the mechanical load is increased, through
repetition, duration, or intensity. The microtrauma in-
duced cannot be repaired or remodelled prior to further
microtrauma and fatigue fractures pursue. Insufficiency
fractures are also a type of stress fracture that occur when
the mechanical load is normal, but the underlying osseous
architecture is weakened, either by imbalances in bone re-
modelling pathways or due to an underlying osseous le-
sion. Pathologic fractures occur as a result of an underly-
ing osseous lesion, either benign or malignant.

Osteoporosis, as defined by the World Health Organi-
sation, is a reduction in the bone mineral density, based on
dual-energy X-ray absorptiometry, of more than 2.5 stan-
dard deviations below the mean (of an average 30-year-old
with the same gender and of the same ethnicity). Patients
with osteopaenia and osteoporosis are prone to insuffi-
ciency fractures and preventative treatment with bisphos-
phonates (or non-bisphosphonate therapies ~denosumab,
teriparatide, abaloparatide, romosozumab or various hor-

Figure 29. Septic facet arthritis — axial T2W (A) and TTW post-contrast fat-suppressed (B) magnetic resonance images through the L4-L5 intervertebral
disc demonstrate a left facet effusion with indistinctness of the articular surfaces with underlying bone marrow oedema (arrow) in this case of septic facet

arthritis. Extension of rim-enhancing collection into the epidural space (white arrowhead) contributes to severe spinal canal narrowing. There is also a large
paraspinal fluid collection (black arrowhead) with adjacent inflammation

N\

Table 3. Aetiology of insufficiency fractures

Osteoporosis

Hyperparathyroidism (primary, secondary: renal osteodystrophy
and either dietary or malabsorption vitamin D or calcium deficiency,
and tertiary)

Osteomalacia or rickets

Skeletal dysplasia or collagen diseases (including osteogenesis
imperfecta, osteopetrosis, fibrous dysplasia, Marfan syndrome,
Ehlers-Danlos syndrome)

Paget disease

Radiation therapy

Chemotherapy (including ifosfamide, methotrexate)

Steroid therapy

Chronic diseases (diabetes mellitus, alcoholism, Cushing syndrome,
rheumatoid arthritis, spondyloarthropathies)

Inactivity

*Please note crossover exists between most of the above causes, i.e. between hyperparathy-
roidism and osteomalacia.

monal regimes) is recommended. Common locations for
insufficiency fractures include the vertebrae, pelvis (sa-
crum, iliac wing, ilium, supra-acetabular, parasymphy-
seal and pubic rami), femur (neck of femur and proximal
femoral shaft), sternum, fibula, and tibia. Osteoporosis is
the most common cause of vertebral insufficiency fracture,
but there are many pathological states that can disrupt the
homeostasis of bone metabolism and lead to various insuf-
ficiency fractures (Table 3).

Magnetic resonance imaging differentiation
of vertebral insufficiency fracture from
malignant pathologic fracture

Elderly patients are prone to the development of both
vertebral insufficiency fracture (VIF) and pathologic frac-
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ture from underlying malignancy [68]. As clinical features
of both VIF and malignant pathologic fracture (MPF) are
similar, imaging is often necessary to distinguish between
these types of fractures. Differentiation is obviously impor-
tant because detection of MPF necessitates tissue sampling
to establish pathological diagnosis, requires additional clin-
ical and imaging workup, and directs appropriate therapy.

The presence of additional osseous metastases or mass-
like (enhancing) soft tissue in the epidural compartment or
paravertebral soft tissues is most consistent with MPE MRI
is superior for the evaluation of bone marrow replacement
processes when compared to CT, and may help identify
additional osseous lesions that are not readily seen on CT.
Within a fractured vertebral body, if normal bone marrow
signal is replaced completely, it is more frequently associ-
ated with MPE. Conversely, when the bone marrow signal
is entirely normal or preserved, it is more frequently associ-
ated with VIF [69]. Unfortunately, there is often a spectrum
of both normal and abnormal bone marrow within either
VIFs or MPFs, making distinction difficult or less precise.
The distinction between the two processes can be further
hindered by diffusely infiltrative haematological malignan-
cies that demonstrate homogeneous bone marrow signal
abnormality, which may be inadvertently interpreted as
normal. In addition, in a review of vertebral fractures in pa-
tients with multiple myeloma, many of the MPF appeared
similar to VIF [70,71].

Magnetic resonance imaging of the spine

Figure 30. Vertebral insufficiency fracture — sagittal T2W magnetic resonance
image of the lumbar spine demonstrates compression fractures of the L1 supe-
rior and inferior endplates with hyperintensity situated between the superior
endplate and curvilinear hypointense fracture line, compatible with fluid sign
of VIF (arrow). There is retropulsion of the posterior vertebral body (arrow-
head) but without convex posterior margin of the vertebral body

Figure 31. Malignant pathologic fracture — sagittal (A), axial (B) TTW post-contrast fat-suppressed, and axial T2W (C) magnetic resonance images through
the lumbar spine demonstrate a mild compression fracture of L1 with posterior convex margin of the vertebral body (arrowhead). In addition, there is ex-
tension of marrow enhancement into the right posterior elements with cortical destruction (black arrow), epidural soft tissue tumour narrowing of the right
subarticular recess (white arrowhead), and abnormal enhancing soft tissue in the right prevertebral soft tissues (white arrow), compatible with malignant

pathologic fracture in this patient with metastatic squamous cell carcinoma
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VIF more frequently demonstrate a cleft of fluid or flu-
id sign interposed between the fracture and the endplate
with the fracture or trabecular injury defined by an un-
interrupted linear defect that is low signal on both TIW
and T2W sequences (Figure 30) [72]. Pedicle and poste-
rior element MRI signal abnormality are more common
with MPE. This signal abnormality is a result of marrow
tumour involvement in MPF and extension of marrow oe-
dema in VIE If the pedicle is expanded, this is consistent
with tumoural infiltration of MPF [73].

The mass effect of an underlying tumour may expand
the posterior vertebral body resulting in a convex poste-
rior margin (Figure 31). The posterior convex margin is
highly suggestive of MPF; however, VIF with retropulsion
may also demonstrate this morphology [74]. The anterior
epidural space contains multiple epidural ligaments, and
the central septum is usually preserved in the presence of
malignant extra-osseous soft tissue extension [75]. This
results in a bilobed contour of anterior epidural space
soft-tissue penetrance. By comparison, VIF often results
in central septum disruption due to involvement of the
posterior cortex and epidural haematoma.

The enhancement pattern associated with MPF is vari-
able, from intensely homogeneous to heterogeneous en-
hancement, and may be similar to VIF [76]. Post-gadolini-
um T1W imaging is most useful in differentiating subacute
or chronic VIF from MPE. During the acute phase of VIE,
enhancement is often present. Follow-up imaging to assess
for temporal reduced enhancement may be used as an in-
dicator of VIF [77]. More recently, perfusion parameters
obtained from dynamic contrast enhanced MRI are show-
ing promise in differentiating VIF from MPF [78]. Of the

multiple perfusion parameters available, plasma volume
(V,) and vessel permeability (K****) are probably the best
discriminators, with MPF demonstrating higher perfusion
parameters compared to VIE

Finally, DWTI has also been applied to aid in the dif-
ferentiation of vertebral insufficiency fractures from ma-
lignant vertebral fractures [79]. The magnitude of diffu-
sion can be quantified by the ADC value from a region of
interest for a designated b value. MPF demonstrates re-
stricted diffusion and lower ADC values than VIF, due to
the hypercellularity of tumour cells. Other advanced MRI
techniques that show promise in differentiating VIF from
MPF include quantitative assessment of T2* relaxation
times and intravoxel incoherent motion MRI [80,81].

Conclusions

Back and neck pain are ubiquitous in today’s society,
a common cause of disability, and a large burden to health-
care costs. When conservative management of low back
or neck pain fails, MRI is the imaging modality of choice
to assess for underlying abnormality. Knowledge of spine
anatomy and imaging features of degenerative changes
allow for appropriate reporting and directs appropri-
ate patient management. MRI is also useful in detecting
non-degenerative spine conditions, such as infection or
insufliciency fractures, which may have a similar clinical
presentation.
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