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Spinal stenosis is defined as an abnormal narrowing
of the central canal, in tervertebral nerve root foram i na,
or lateral recesses. It can be secondary to congenital
or acquired disorders. Since the advent of CT and MR
imaging, the diagnosis and assessment of spinal
stenosis have been facilitated3101314 Because
concomitant disc disease can often mimic signs and
symptoms of spinal stenosis, the role of CT and MR
imaging in preoperative evaluation has enabled direct
visualization of all abnormal elements and can deter-
mine which patients have associated disc disease. It is
the overlap of clinical expression of spinal stenosis
with that of disc herniation and vascular exclusive
disease that makes the radiologic evaluation impor-
tant because the latter can usually define the patho-
logy responsible for the patient's complaints.

CLINICAL PRESENTATION
Spinal stenosis can manifest as a myriad of signs and
symptoms resulting from compression of nerve roots
in the central canal, the intervertebral neural foramen,
the lateral recess of the central spinal canal, or any
combination of these elements. Of course, the
symptoms largely depend on which nerve root and
which levels are involved as well as the severity of
this involvement.

There is a great deal of overlap of pain pathways from
different levels in the spine. Generally this explains
the similarity of symptoms among the various disease
processes. The intervertebral disc, the posterior
longitudinal ligament, the anterior longitudinal liga-
ment, the vertebral bodies, and the dura mater, in
addition to the thecal sac and spinal nerve roots, have
been implicated in the origin of pain impulses in the
spine. These .structures are innervated in part by the
sinuvertebral nerve, which arises from the spinal
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nerve just distal to the dorsal root ganglion and
supplies the spinal level of origin and at least one
adjacent level. The intervertebral facet joints, also a
potential spinal origin of pain impulses, receive their
innervation from the posterior primary ramus at their
own level and from the level above. The posterior
primary ramus from the first three lumbar segments,
in addition to supplying the facet joints, also supplies
cutaneous innervation to the lower back, which is a
potential source for referred pain.

The classic presentation of patients with central lumbar
spinal canal stenosis includes low back pain, most
commonly involving the L-5 and S-l level; sciatic
nerve syndrome (sciatica), in which symptoms are
often bilateral neurogenic claudicalion (usually inter-
mittent); pain with hyperextension of the back but not
with flexion (e.g. can ride a bicycle or walk uphill
without pain); and the absence of pain when lying
down or sitting, but the presence of pain on standing.
The typical patient tends to be male and in the fourth
decade at the onset of symptoms. Such central canal
stenosis below the level of the conus medullaris can
produce symptoms of cauda equina or single-root
compression.

ANATOMY
Anatomically the central spinal canal is formed by the
vertebral bodies and intervertebral disc anteriorly, the
laminae and spinous processes posteriorly, and the
articular pedicles laterally. The central lumbosacral
canal varies in shape from the cephalad to the caudad
extent. Normally it is circular in cross section in the
upper portion of the lumbar spine and more triangular
at the lower regions. In fact, several investigators
have noted that 10% to 20% of the normal population
has a three-leaf clover, or trefoil, appearance to the
central canal at the L-5 level.

Before CT and MR imaging, plain films were used to
diagnose spinal stenosis by measuring the sagittal
diameter of the central canal. Subsequently CT made
these measurements more easily obtainable and accu-
rate. Several sets of measurements of normal
anteroposterior, transverse, and cross-sectional area
of the lumbar spinal canal have been published. The
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routine use of these measurements, however, is not
recommended. Broad normal anatomic variation
makes these measurements difficult to apply mean-
ingfully in many cases. Moreover, simply measuring
the bony canal fails to consider the size of the thecal
sac and how it relates to the bony canal13 Seemingly
diminutive bony measurements often are seen with
no clinical manifestation of spinal stenosis because
the thecal sac and nerve roots are proportionately
small. Conversely, a normal or even large bony canal
occasionally may exist in a patient with typical
symptoms of spinal stenosis because of a combina-
tion of disproportionately large thecal sac, nerve
roots, and support structures, relationship between
the bony canal and its contents carefu 11 y. The presence
or absence of adjacent epidural fat in areas of suspected
spinal stenosis is extremely helpful in deciding if
clinically significant stenosis is present. Epidural fat
at the level of the pedicle and lamina should normally
be noted unless prior surgery has been performed
resulting in epidural fibrosis and obliteration of this
epidural:lipomatous tissue. Distortion of the thecal
sac from a typically round to a horizontally flattened,
oblong shape is the best indicator of relative narrow-
ing of the central canal.

IMAGING TECHNIQUES
Standard lumbar spine CT and MR imaging protocols
should encompass the lower lumbar spine, at least
L3-4 to L5-S1, with contiguous axial images. Axial
images angled through each disc space with gaps in
between the disc levels are not sufficient, as the
facets, ligamentum flavum, and lateral recesses would
not be imaged.

With MR imaging, both Tl- and T2- weighted
sequences are recommended. For example, sagittal
Tl- and T2-weighted sequences are also routinely
employed with MR imaging. A surface coil using a
relatively small field of view should be applied.
Various technical methods of reducing artifacts, such
as motion, can be employed with differing results
depending on the magnet manufacturer's recommen-
dations.

With CT scanning, it is not necessary to use sagittally
reformatted images routinely, although many believe
that image reformation through the foramen is help-
ful. Typically CT myelography in this setting does

not add additional information over plain CT and is
therefore not recommended. With CT, both soft tissue
and bone windows should be used for interpreting the
study.

CENTRAL CANAL STENOSIS
Traditionally central stenosis of the spinal canal has
been divided into two types: (1) congenital/develop-
mental and (2) acquired. The congenital/develop-
mental type can be further complicated by having
superimposed acquired disease. In addition, most of
the borderline congenital types do not become clini-
cally manifest until an acquired process occurs.
Congenital/developmental stenosis includes idio-
pathic as well as developmental and specific heredi-
tary subgroups. In congenital spinal stenosis, one or
several segmental levels of the lumbar spinal canal
are affected. The central canal is narrowed in its
sagittal dimension because of the short, stocky pedicles
and thickened laminae and inferior facet processes.
The lateral recesses and neural foramina canals may
be narrowed by hypertrophic superior facet processes.
In severe examples, a contracted trilobed (trefoil)
configuration may result. Hypertrophy of the posterior
bony elements tends to be symmetric early in deve-
lopmental stenosis. Clinical presentation, however, is
usually delayed until middle age, when the supcrim-
position of early, and often unimpressive, degenera-
tive changes on the already developmentally stenolic
canal causes symptomatic compression of neural
tissue.

Achondroplasia, an autosomal dominant disorder of
cnchondral bone formation, is the prototype of
hereditary congenital spinal stenosis. Earlyclosureof
the cartilaginous ncurocentral synchondrosis coupled
with the formation of short, broad pedicles and
thickened laminae results in a generally small central
canal with decreased sagittal and inlerpedicular
dimensions and often a trefoil configuration. The
sagittal and inlerpedicular diameters decrease pro-
gressively, descending into the lower lumbar region,
the opposite of the normal configuration. A gibbous
deformity may develop in ihe thoracolumbar region
as a result of the pronounced kyphosis. Patients with
this deformity are prone to the development of early
degenerative changes that add to the degree of central
canal stenosis. Hypochondroplasia, a related
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condition, and Morquio's mucopolysaccharidosis are
other congenital disorders typically associated with
spinal stenosis.

Acquired spinal stenosis includes the categories of
spondylosis degenerative joint disease, trauma, post-
operative changes, and spondylolisthesis. Less
common acquired types of central canal stenosis
include calcification of the posterior longitudinal
ligament and Paget's disease. Intraspinal sy no vial
cysts have also been reported to cause spinal stenosis.2

They are invariably associated with degenerative
facets and are essentially ganglion cysts that arise
from the facets. They have a characteristic CT and
MR imaging appearance. Degenerative disease with
bony over- growth into the central canal is the most
common cause of acquired spinal stenosis and occurs
more often in the middle-aged and elderly, affecting
most frequently the L4-5 and L5-S1 levels.
Degenerative changes may encompass marked loss
of disc height, approximation and sclerosis of verte-
bral end plates, osteophy te formation with narrowing
of the central canal, and upward and anterior
subluxation of the superior facets, thereby narrowing
the lateral recesses and neural foramina..

Hypertrophy of the ligamentum flavum is a mis-
nomer - it does not hypertrophy but merely buckles
inward, becoming redundant as the facets and disc
degenerate and lose height.8 In the setting of facet and
disc disease, the ligamentum flavum can press
ventrally into the thecal sac and cause or contribute to
the same signs and symptoms as that of bony
encroachment.

IATROGENIC STENOSIS
Following spinal surgery, spinal stenosis can result
from regional bony, soft tissue or introduced foreign
material within the canal. After spinal fusion, over-
growth or extension of the fusion mass may constrict
the spinal canal. Accelerated degenerative changes of
adjacent intervertebral discs and related structures
may be stimulated at levels above and below fusion.
Epidural or arachnoidal scarring following
laminectomy can compromise the central canal, the
lateral recesses, and thecal contents. Similarly, a
post-operative epidural hematoma can result in acute
spinal stenosis. Finally, as a result of prolonged

corticosteroid therapy, epidural lipomatosis can result
with symptomatic multisegment compression of the
thecal sac.12

POST-TRAUMATIC STENOSIS

Following traumatic fracture of the spine, bone frag-
ments of the vertebral body can be displaced into the
spinal canal, resulting in compression of thecal sac or
nerve roots. Exuberant heterotopic bone formation
around the fracture site may futher compromise the
spinal fluid canal. Finally, biomechanical instability
subsequent to trauma may lead to accelerated
degenerative changes along with stenotic change of
the central spinal canal.

NEURAL FORAMINAL STENOSIS
Narrowing of the neural foramen at any level can
cause nerve root symptoms. This may be secondary to
actual developmental or acquired bony narrowing
from encroachment on the neural foramen because of
an extruded disc fragment, or from fibrosis as a result
of postoperative changes.

The intervertebral or neural foramen has the shape of
an inverted teardrop in the sagittal plane. The superior
and inferior borders are formed by the pedicles,
whereas the anterior wall is formed by the posterior
portion of the vertebral body and the disc. The poste-
rior wall or roof is compsed of the pars interarticularis
and the superior articular process of the facet joint.
The nerve typically exist directly beneath the pedicle.

When evaluating the neuroforamen with CT, bone
windows should be used as well as soft tissue windows
to assess for foraminal encroachment by herniated
disc material. If using CT, sagittal reformations can
be helpful in many cases. The degree of severity of
narrowing may be classified as mild, moderate, or
severe. Because the nerve root takes up only a small
portion of the superior recess of the neural foramen,
even severe foraminal stenosis can be present in
some instances without clinical symptoms. Narrow-
ing in the inferior recess of the foremen is less likely
to cause clinical symptoms than encroachment on the
superior recess because of the location of the nerve
root.

Postoperative fibrosis can encroach on a neural fora-
men or constrict an existing nerve root and cause
symptoms that are indistinguisable from other causes
of foraminal stenosis, such as bony or intervertebral
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disc encroachment. Using CT, obliteration of epidural
fat in the neural foramen is noted by the presence of
a soft tissue density that is slightly greater than that of
the thecal sac but less dense than that of disc material.
CT is not as reliable as using MR imaging coupled
with gadolinium. With administration of intravenous
gadolinium, typically scar tissue generally enhances
and disc material does not, thus allowing for reliable
differentiation of the two.

A fracture through the pars interarticularis with
subsequent slippage forward of the superior portion
(spondylolisthesis) can occasionally compress the
exiting nerve root.9 CT can demonstrate the
spondylolisthesis, but the pars defect and subsequent
anterior displacement arc often in the same plane as
the transaxial images and therefore can be over-
looked. At the midvertebral body level, the central
canal should have an uninterrupted bony ring formed
by the lamina. If the bony ring is broken, a pars break
(spondylolysis) can be diagnosed.5 It has been re-
ported that spondylolysis is difficult to identify on
MR images4; however, spondylolisthesis is easily
identified on sagittal MR images.

A pitfall that mimics an extruded fragment with
neural foraminal stenosis is a conjoined nerve root
that is usually represented by two nerve roots arising
and running together in the lateral recess.7 This causes
an evagination of one side of the thecal sac in
comparison with the opposite side and may even
obliterate the epidural fat. A conjoined root can be
distinguished from a disc fragment on CT by noting
the uniformity of density of the soft tissue mass
(conjoined nerve root) and the thecal sac. An extruded
disc fragment is more dense than the contents of a
normal thecal sac. With MR imaging, the signal
intensity of a conjoined root is identical to that of the
thecal sac. The absence of relevant clinical signs
should arouse suspicion that a possible mass within a
neural canal may actually represent a conjoined nerve
root.

FACET JOINT DISEASE
Degenerative joint disease involving the articular
facets has been reported to be a source of back pain
and sciatica that may be indistinguishable from that
of disc disease.611 CT readily visualizes the facet
joints and can distinguish facet arthropalhy from disc
disease, thereby assisting in the differentiation of
which of these might be causing the patient's symp-

toms. Of course, it is not unusual to have a combina-
tion of disc disease and facet disease at any single
level. Enlargement or hypertrophy of an articular
process can be graded as mild, moderate, and severe
with the understanding that mild to moderate facet
joint disease may be asymptomatic. Hypertrophy of
the superior articular facet causes encroachment on
the lateral recess, whereas hypertrophy of the inferior
articular facet causes central canal stenosis.

Pathologically the findings of degenerative changes
of the intervertebral facets are similar to degenerative
changes in any other synovial-lined joint, with the
formation of subchondral cysts,sclerosis,osteophylcs,
bony hypertrophy, and joint space narrowing. Bone
windows should be used to evaluate the facets on CT.
With MR imaging, Tl-weighted and proton density
sequences are superior to T2-weighted sequences for
bony structures.

LATERAL RECESS DISEASE
Clinically it can be difficult to diagnose lateral recess
stenosis on clinical grounds alone. Typically leg pain
and paresthesias are brought on by standing and
walking. The pain in lateral recess stenosis is usually
relcivcd by squatting or sitting, whereas that of a
herniated lumbar disc is generally made worse by
sitting. The lateral recess has also been referred to as
the nerve root canal or tunnel. It is bordered by the
posierolateral surface of the vertebral body and ad
jacent intcrvertcbral disc anteriorly, posteriorly by
the superior articular facet, and laterally by the pedicle.
The nerve lies adjacent to the thecal sac in this recess
and tends toexit the central canal immediately beneath
the pedicle. The most narrow part of the lateral recess
is at the superior portion of each pedicle because of
the anterior slanting of the superior articular facet.
Hypertrophy of the superior articular facet is more
likely to cause nerve root compression at the superior
border of the pedicle.

SUMMARY
Spinal stenosis has many causes and a variety of
radiographic appearances. The clinical presentation
can vary greatly in part because there may be
concomitant disc disease. CTand MR imaging may
help differentiate the various types of spinal stenosis
and can be invaluable in preopcrative surgical
planning.
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