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IMAGING IN LUMBAR SPINAL STENOSIS

Joseph D. Fortin, DO, and Michael T. Wheeler, DO

Lumbar spinal stenosis is a common
condition seen in patients presenting to phy-
sicians who specialize in pain management
or perform spine surgery. The designation
of “spinal stenosis” without other qualifiers
is vague and as such holds little practical val-
ue. Classifications have been created in order
to more specifically describe the various etiol-

ogies as well as the site(s) of narrowing. For
this purpose, diagnostic imaging studies are
vital. These include myelography, computed
tomography (CT), and magnetic resonance im-
aging (MRI). Each imaging modality has its
own inherent advantages and limitations in
demonstrating anatomical structures and how
they may contribute to the stenotic process.

Since proper treatment follows accurate iden-
tification of the pathology, it is important for
physicians to have a sound understanding of
normal and abnormal spinal elements as they
are depicted on various imaging studies.
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Spinal stenosis is the focal, segmen-
tal, or diffuse narrowing of the central ca-
nal or root canals by bony and/or soft tis-
sue elements, resulting in encroachment
on neural structures(1). The goal of im-
aging studies in evaluating patients with
symptoms potentially resulting from spi-
nal stenosis is two-fold: 1) to define rela-
tive contributions of each anatomic com-
ponent to the stenotic process, and 2) to
help relate structural alterations to the
change in the patient’s ability to function.
To that end, technological advances have
allowed clinicians to view spinal anatomy
with ever increasing resolution (Fig. 1).
The future promises more functional ap-
plications such as devices which reveal dy-
namic disk herniations and open systems
affording the dynamic evaluation of the
spine in various positions. While tech-
nological advancements have enhanced
and diversified the role of imaging stud-
ies, their basic focus should be a diagnos-
tic extension of the clinical context. De-
nying the limitations can lead to disaster
- for example, solely directing one’s fo-
cus toward a compelling (yet asymptom-
atic) disc herniation when the underlying
cause of the patient’s back pain is an aortic
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aneurysm, lymphoma, or prostate cancer.

DEFINING SPINAL STENOSIS

The word stenosis has its origin from
the Greek stegnosis, which indicated com-
plete obstruction of ducts or orifices of
the body. Eventually, it was used to de-
scribe the impeded passage of iodized oil
during myelography. The term stuck de-
spite later attempts by the same author to
change it to “narrowing,” which he felt to
be more representative of a process involv-
ing the walls of a container and the effect
on its contents rather than obstruction by
the contents itself (1). Currently, spinal
stenosis is applied to describe narrowing
of any spinal neuroaxial canal caused by
one or several possible anatomic elements
in association with a number of possible
etiologies (2). It is therefore a condition
rather than a disease in the strictest sense.
The compression created by such narrow-
ing, however, may indeed cause disease, as
in myelopathy and radiculopathy.

The spinal neuroaxial canals include
the central canal, lateral recess or entry
zone, intervertebral foramen or mid-zone,
and exit zone (3,4). Techniques used to
quantify central stenosis and determine
the extent considered significant have
been investigated and debated. Utilizing
roentgenograms, the earliest techniques
measured the interpedicular distance on
the anteroposterior (AP) projection and
central canal width on the lateral projec-
tion. A set of normative values was gen-
erated for reference. The measurements

were subject to error secondary to im-
proper patient positioning during film ac-
quisition (magnification effect). The Torg
ratio was later devised to obviate the tech-
nical precision required for accurate mea-
surement. It represents the central canal
width divided by the width of the ante-
rior column. Since it is a relative mea-
surement, magnification effect is negat-
ed. However, standard radiographic eval-
uation of spinal stenosis remained limited
by measurement inaccuracies (e.g., over-
lying bony densities) and the lack of soft
tissue appreciation. Consequently, my-
elography became the gold standard for
the delineation of spinal stenosis. With
the emergence of CT and MRI, greater
anatomical detail visualized in multiple
planes provided a better means for accu-
rately measuring central stenosis. Cur-
rently, the most widely accepted technique
is the measurement of the midline osse-
ous sagittal (AP) diameter as described by
Verbiest. Less than 12 mm is considered
relative stenosis, and less than 10 mm is
considered absolute stenosis. This is op-
timally obtained from a mid-pedicle axial
section orthogonal to the long axis of the
central canal (1, 5). For this purpose, ei-
ther MRI or CT may be used as both have
their advantages and disadvantages. Uti-
lizing sagittal views may lead to measure-
ment error since determination of true
midline is more difficult. Lateral recess
and foraminal stenoses are not as well
quantified and are still evaluated subjec-
tively (mild, moderate, or severe).



134

Fortin and Wheeler e Imaging in Lumbar Spinal Stenosis

RIGHT

Fig 1. The T1-weighted lumbar MRI
coronal view of this patient accurately
depicts the normal anatomy of the
segmental nerve roots as they depart
the thecal sac adjacent the pedicle
(entry zone or lateral recess), course
under the pedicle (mid-zone, wherein
lies the dorsal root ganglion), and
travel beyond the pedicle (exit zone,
which houses the ventral ramus)

Classification of Stenosis

Spinal stenosis can be classified as
congenital, developmental, acquired, or
combined (1, 5). Congenital stenosis is
due to disturbed fetal development result-
ing in malformation of the lumbar spine.
Examples include myelodysplasia, diaste-
matomyelia, and hemivertebrae (Fig. 2).
Developmental stenosis is a growth dis-
turbance of the posterior elements involv-
ing the pedicles, lamina, and/or articular
processes which results in decreased vol-
ume afforded to the spinal cord (or cauda
equina in the case of the lumbar spine).

Examples include malrotation of the pos-
terior elements, achondroplasia, and con-
genitally short pedicles (Fig. 3). Acquired
stenosis denotes changes that occur after
skeletal maturity that produce narrowing
in a heretofore-normal spine. Causes can
be separated into four groups: 1) trau-
matic, 2) degenerative, 3) infectious, and
4) neoplastic. Spondylolisthesis due to
fracture of the pars interarticularis is the
prototypical trauma-induced stenosis,
but post-surgical and post-traumatic hy-
pertrophic changes are also implicated.
Discopathy and spondylosis represent de-
generative processes associated with aging
(6), as well as those accelerated by disease
states (e.g., Paget’s disease) (1). By far,
they constitute the majority of acquired
stenosis cases. Conversely, infectious and
neoplastic etiologies are rare but serious
cases that must be ruled out if the clini-
cal presentation is suggestive. Combined
stenosis is, quite simply, the result of ac-
quired changes (usually degenerative) su-
perimposed on a congenitally or develop-
mentally narrow canal (Fig. 4). Normal-
ly, the reserve capacity of the spinal canal
is sufficient to accommodate encroach-
ment from adjacent structures, given that
this is a relatively slow and limited pro-
cess. In the context of combined stenosis,
the reserve capacity is compromised such
that relatively minor pathological pro-
cesses may produce dramatic symptoms
(Fig. 5). Some authors stipulate that all
cases of symptomatic “acquired” stenosis
(secondary to degenerative processes) are
more appropriately designated as com-
bined stenosis, with some degree of pre-
cursory narrowing necessary to become
manifest (1).

AnATOMICAL CONTRIBUTIONS

Anterior Column

Structures of the anterior column
may be implicated in the development of
spinal stenosis via architectural derange-
ment, mass affect, or both. Degenerative
disc disease and loss of the normal inter-
vertebral height will consequently reduce
the vertical dimension of the root canals
(i.e., foraminal stenosis). Additional-
ly, buckling of the posterior longitudinal
ligament may cause central stenosis (3).
Mass affect is usually equated with disc
herniation by lay people and many phy-
sicians. While this is certainly contribu-
tory, the space-occupying affect of degen-
erative osseous formations plays a signif-
icant and under appreciated role, espe-
cially in patients over forty years old (7).
Osseous formations of the anterior col-
umn typically present as ridges and spurs
stemming from the vertebral endplates.
They may be indicative of compensato-
ry load redistribution in the failing mo-
tion segment(s) according to Wolff’s law
(Fig. 6). Of course, any traumatic or in-
filtrative process causing expansion of the
osseous cortical margins may also com-
promise canal dimensions. Ossification
of the posterior longitudinal ligament
(OPLL) is a distinct and uncommon eti-
ology of bony central stenosis. Both dis-
copathy and spondylosis can cause foram-
inal and/or central stenosis, depending on
the site of the pathology (Fig. 7), and often
in combination with one another. Spon-
dylosis results only in “hard” stenosis that
is relatively static and not subject to de-
formation. Discopathy may produce ei-
ther “soft” or “hard” stenosis depending

Fig 2. The hemivertebrae anomaly distoris the central canal configuration. (A)Coronal T1-weighted MRI pulse

sequence. (B) T2-weighted axial pulse sequence. (C) Post-discography CT axial section through the L5-S1 disc

(bone window settings)
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Fig 3. These T1-weighted axial images were acquired before (A) and afier (B)
application of a Dyanawell compression device. This patient with congenitally
short pedicles and L2-3 posterior annular prominence (as evidenced by the
convex versus the usual concave contour of the posterior annulus) is predisposed
to neural compression with weight bearing activities.

volume of the central canal (the white encircled thecal sac)

Note the change in the

JAREA: 50.1 s mm COUNT: 80

RREA: 49.58q mm COUNT: 67

23WITH AXIAL LOAD

Fig 4. A comparison between ceniral AP diameters of two patients at the mid-
pedicle of L3 is depicted. (A) Within normal limits at 13mm. (B) Stenotic

at 9mm as the result of congenitally short pedicles

Fig 5.

of the lumbar spine reveals how even

T2-weighted sagittal image

a mild disc prolapse can result in
marked stenostis given a pre-existing
congenital or developmental stenosts

Fig 6. A punctate posierolaieral
vertebral body osteophyte entraps
the L4 dorsal root ganglion against
the neural arch in the mid-zone

on the state of the herniated disc material
(calcified in the latter). The condition of
a “soft” stenosis will render it susceptible
to forces imposed by dynamic mechanical
alterations (Figs. 8-9) (3).

Middle Column

The middle column is also referred
to as the neuroaxial canals, and is the ac-
tual site of the stenosis. Therefore, there is
little in the way of contribution from the
structures of the middle column contrib-
uting to the stenotic process. Pathologi-
cal conditions which may arise and cause
narrowing here include dural ectasia/
hyperplasia from inflammatory condi-
tions (e.g. ankylosing spondylosis), lipo-
matosis, epidural abscess or hematoma,
arteriovascular malformations, and neo-
plasm. All are uncommon; however, the
astute clinician must always consider their
possibility due to the morbidity and mor-
tality associated with delayed diagnosis -
especially concerning neoplasm. Tumors
are classified according to their location:
1) osseous, 2) extradural, 3) intradural/
extramedullary, or 4) intramedullary. Ex-
tradural tumors are by far the most com-
mon and fortunately almost always be-
nign (if primary), but they still may cause
significant mass affect and sequelae. Con-
versely, intramedullary tumors are the
least common but usually malignant type
of primary neurogenic tumor. Secondary
tumors from metastatic disease are most
commonly seen in the osseous elements
and epidural space (Figs. 10-11)(8-10).

Posterior Column

The posterior elements may be im-
plicated in stenosis secondary to congeni-
tal malformations of the neural arch, isth-
mic spondylolysis with spondylolisthesis,
retrolisthesis, and lateral olisthesis (11,
12). Similar to the anterior column, ste-
nosis most commonly results as a con-
sequence of degeneration. Degenerative
processes of the anterior and posterior
columns often co-exist and may attenuate
one another (13). For example, collapse
of an intervertebral disc results in greater
sagittal load sharing by the zygapophyseal
joints. The resultant stress shielding can
cause hypertrophic facet arthropathy with
stenosis secondary to osseous encroach-
ment. Hypertrophic facet arthropathy al-
ters the normal morphology and orienta-
tion of the facet joints as well, compro-
mising their biomechanical integrity. Fac-
et subluxation ensues as a consequence of

Pain Physician Vol. 7, No. 1, 2004



136 Fortin and Wheeler e Imaging in Lumbar Spinal Stenosis

Fig 7. (A) Coronal lumbar MRI reveals a low signal mass lateral to the
L2 and L3 pedicles (in the exit zone). (B) Transaxial T2-weighted MRI
supports the finding of an old “far out” disc sequestrum

Fig 8. These images were acquired (A) before and (B) after application
of the Dyanawell compression device during a lumbar post-myelography/
computerized tomography examination. There is a marked change in the
central canal contour (white encircled area) upon loading the spine secondary
to annular bulging and subluxation of the posterior joints

Fig 9. Standing sagittal lumbar myelography projections performed in (A)
neutral and (B) extension. Visualize the contrast column adjacent the L4-5
disc to appreciate the dynamic posterior prolapse upon extension

Pain Physician Vol. 7, No. 1, 2004

dysfunction and greater load-sharing de-
mands. Degenerative spondylolisthesis
may result from this chronic process, con-
tributing to further osseous stenosis (14,
15). For example, asymmetric degenera-
tive collapse of the L5/S1 interspace with a
spondylolisthesis may result in apposition
of the L5 transverse process base to the
adjacent sacral ala. The L5 anterior ramus
is consequently trapped in its exit zone (so
called “far-out” stenosis). Grade I degen-
erative spondylolisthesis is usually asymp-
tomatic except in the context of combined
stenosis or new pathological process (e.g.,
acute disc herniation, tumor) (1). In ad-
dition to causing osseous encroachment,
degenerative spondylolisthesis generates
a shear force upon the intervertebral disc
and anterior or posterior longitudinal lig-
aments. Thus, the anterior column is sub-
ject to further degeneration in a vicious
cycle. Other degenerative processes of the
posterior elements implicated in stenosis
include synovial cyst formation and the
development of a redundant ligamentum
flavum. A synovial cyst stemming from a
diseased facet joint can certainly cause en-
croachment upon the canal(s) (Fig. 12). A
redundant ligamentum flavum may buck-
le and bulge into the central canal (3).

IMAGING MODALITIES

High resolution, multi-planar imag-
ing is essential to appreciate the vertical,
AP, and transverse dimensions of the cen-
tral and root canals. Modality selection
must account for the strengths and limita-
tions both CT and MRI have in depicting
normal anatomy and pathology.

Magnetic Resonance Imaging (MRI)
MRI is the gold standard in evalu-
ating soft tissue processes. It is unsur-
passed in depicting intrathecal anatomy
(morphology and position of the cord,
conus, and nerve roots), neurogenic ede-
ma, hemorrhage, myelomalacia, syrinx,
epidural hematoma or abscess, lipoma-
tosis, synovial cyst, ligamentous and dis-
cogenic abnormalities, epidural or peri-
neural fibrosis, and inflammatory, infil-
trative, or neoplastic conditions (16-18).
The addition of gadolinium enhancement
will greatly increase its sensitivity for dif-
ferentiation of a benign versus malignant
syrinx, arteriovenous malformations, in-
farcts, myelomalacia, myositis, multiple
sclerosis, sarcoidosis, and tumors—in-
cluding leptomeningeal spread (8-10).
Limitations of MRI include variable sig-
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Fig 10. (A) Transaxial post-myelography lumbar CT in sofi tissue
window settings discloses huge L5 dorsal root ganglion. (B) The same
patient with bone window settings at the L4 vertebral level demonstrates very
conspicuous, rather large dural root sleeves. I'indings such as these suggest
a pathological primary neurogenic process resulting in hypertrophic nerves,
such as Dejerine- Sottos or Charcot-Marte-Tooth

Fig 11. Enhancing neurofibroma of the filum terminale is demonstrated
on T1-wieghted sagittal (A) and axial images (B). The lesion occupies
roughly 40% of the volume of the central canal

Fig 12. There is a low-density mass in the right L5 lateral recess (eniry
zone) and within the adjacent zygapophyseal joint, representing vacuum
phenomenon within a synovial cyst and the joint

nal intensity in degenerative osseous ridg-
es (making it difficult to distinguish hard
versus soft disc pathology), magnetic sus-
ceptibility, and thicker slices compared to
CT. While gradient echo pulse sequences
are beneficial in defining the etiology of
stenosis, they are most prone to magnet-
ic susceptibility artifact, which may ex-
aggerate or obscure the extent of steno-
sis (16). Spondylolysis can be detected on
MR, but the sensitivity is less than CT es-
pecially in detecting associated fragments
(19). MRI is contraindicated in patients
with certain implantable ferromagnetic
devices and relatively contraindicated in
pregnancy (20).

Computed Tomography (CT)

Computed tomography (CT) pro-
vides superior resolution of the osseous
dimensions of the canals and excellent de-
lineation of the posterior elements. De-
generative, erosive, and destructive chang-
es of the zygapophyseal joints as well as
facet orientation, capsular calcification,
and bony defects are all better visualized
by CT. While MRI is more sensitive in de-
tecting most disc abnormalities, CT is su-
perior for differentiating hard versus soft
disc pathology (16, 21-24). Contraindica-
tions include pregnancy and previously
high total radiation exposures.

Myelography

Myelography historically has been
considered the gold standard for evaluat-
ing the compression affect upon the the-
cal sac (25). It has since been replaced
by MRI and is indicated only when MRI
is not an option (i.e., contraindicated or
quality jeopardized by metallic artifact
status-post spinal fusion with instrumen-
tation) (20, 26, 27).

Choosing the Best Imaging Modality

As previously stated, the true osse-
ous diameter of the central canal is best
obtained from axial images orthogonal to
the long axis of the canal. This should be
measured from the anterior base of the
spinous process to the midpoint of the
posterior vertebral body. CT provides
superior delineation of osseous struc-
tures compared to MRI and is therefore
the modality of choice for this purpose
(28). However, it should be noted that os-
seous stenosis does not necessarily corre-
late with the neurogenic symptoms of spi-
nal stenosis. Bolender et al (25) found
that the cross-sectional area of the thecal

Pain Physician Vol. 7, No. 1, 2004
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Fig 13. A mild right paraceniral L2-3 prolapse is compared between (A) T1-

weighted axtal image and (B) post-myelography CT image. Deformation of

the thecal sac is appreciated rather equally

sac correlated best to stenotic symptoms.
This is not entirely surprising since osse-
ous stenosis, albeit the most common, is
not the only contributor as discussed. The
influence of ligamentous, discogenic, and
other implicated structures must be taken
into account. Additionally, the best pre-
dictor of the clinical course in myelopath-
ic patients including surgical interven-
tional outcome is the degree of cord com-
pression (reduced thecal sac and cord vol-
umes) and extent of associated patholog-
ical changes (i.e., myelomalacia) (29, 30).
Clearly, MRI with its excellent depiction
of soft tissue is best suited for measuring
these volumes and demonstrating patho-
logical changes. The limitation in this in-
stance is that cross-sectional area is not
easily measured unless done at the time
of the study, which is not routinely per-
formed.

Comparing surgical findings with
those of MRI, CT, and myelography, Mod-
ic et al (20,28) determined MRI findings
congruent in 77%, CT findings in 79%,
and myelographic findings in 54%. The
limitations of this study were that it did
not include multi-planar reformations for
CT (potentially increasing the sensitivity)
and no differentiation was made between
central and root canal stenosis. Nonethe-
less, MRI and CT appear to be relatively
equal in their ability to identify stenosis
on the whole (Fig. 13) (23,27). When de-
ciding on the optimal imaging modality,
the ordering physician must use his or her
own clinical judgment in predicting what
structures may be implicated. For exam-
ple, CT may be the better choice if ar-
thritis is known or suspected, while MRI

Pain Physician Vol. 7, No. 1, 2004

is warranted if the onset of symptoms is
abrupt or neurological deficits are pres-
ent. Some authors comment that MRI
and CT are complimentary and that both
may be necessary (16,27,31).

CONCLUSION

Modern multi-planar imaging stud-
ies provide excellent visualization of the
osteoligamentous conduits and neuro-
vascular contents of the spine. These ex-
aminations should always be systemati-
cally selected and applied according to a
thorough history and physical examina-
tion. The biomechanics of the injury and
the pathophysiology of the disease pro-
cess in question should always be consid-
ered. Understanding the unique proper-
ties of each diagnostic modality (as well
as the combined benefits of various mo-
dalities) will enhance the clinician’s diag-
nostic yield and ensure cost effectiveness.
MRI provides the best visualization of soft
tissue structures, while CT is the diagnos-
tic modality of choice for evaluating osse-
ous structures. The strengths and limita-
tions of spine imaging modalities should
be factored into the selection process. It
cannot be over-emphasized that abnor-
malities on imaging may not be respon-
sible for the symptoms being investigated
(7, 32). Presumptive correlations render
“false-positives” that may lead to misguid-
ed treatment efforts. Clinical examina-
tion and physiological studies, such as im-
age-guided injections and electrodiagnos-
tics, should be implemented to confirm or
refute the contribution and significance of
structural pathology.
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